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NON- ZECLI TI C MOLECULAR SI EVE CATALYSTS 5 Field of the Invention [0001] The
present iwgantoenirel ates to nethods of renoving hal ogen fROIVS0oM3489
zeolitic, nolecular sieve catalysts, the catal ysts produced from such

met hods, and the use of such catalysts in hydrocarbon conversion
processes. 10 Background of the Invention [0002] Mol ecul ar sieve catal ysts
used in a fluidized-bed reactor or a riser reactor wll typically have an
aver age palYPRICARBPEAFRTNERSION BRYGGSIRHUSHICITO- P ITECAM A EEAR PIATGAEMESEY ze
within this range is needed for proper fluidization as well as to
efficiently separate the catalyst fromthe gaseous products in a cyclone
separator. To nmaintain 15 the desired catal yst dianeter the nol ecul ar sieve
is formulated with other materials. Dilution of the nolecular sieve with
these materials is also used to control the rate of reaction, control the
tenperature of the reactor and regenerator, and to stabilize and protect

t he nol ecul ar sieve. [0003] Forrmnul ated nol ecul ar sieve catal ysts present a
pr oblSem notidid ohthe lmventiy 20 types of industrial catalysts, that is, how

to maintai physical integri f . the cul ar ve atal st durlng
the fluidi %@qiycw e%rFsc%l g‘é’e%f nrrélgg |t%ﬂleth§’g03€§fni°3ﬂ1g ag n?ré’alelhélr ation.
The cycl es z&dlitlcedeldcORr sis@Petayitghe adystep@aedced!fton sidhen&hsdsi & et  at
hi gh terrperatures and high flow rates. Collisions and abrasi ons between

catal yst &g of eicksatalysts pebydrosrb oAV GiSION PERGeFEFes- and reactor wal |'s and
bet ween the catal yst 25 particles and other parts of the unit tend to cause
physi cal breakdown of the original catalyst into snaller catalyst

partl cl es E@o&j asdf iEnis¥ Th! .S _physi cal breakdown is referred to as

cat ai° yst a ° Misual | y have particle dianeters smaller than
20 m crons [go02fuc Ml&hﬂaﬁglew@dﬁlm@u@ahﬂa flaldigaatRdyedctqrar hirgbasactéat al yst s
with higher attrition resistance are desirabl e because, anong ot her

reasons, faukiymsalydaze an yverags/rooisa diamerr fismi0rgn 60300ugelaidtsd f or
di sposal, | 0s8| S {ORMARAL Mngk WPRSHed fr fRPELALIBYHEH KANMPLABIFiGLROr ne

separate the catalyst from the gaseous products in a cyclone separator. To maintain

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 regenerator, and to stabilize and
protect the molecular sieve.

[0003] Formulated molecular sieve catalysts present a problem not found in other

20 types of industrial catalysts, that is, 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 because, among other reasons, fewer fines are



particul ates, optimal fluidized conditions are maintained, operating costs
are lower, and less replacenent catalyst is required. [00041 Ml ecul ar

si eve catwbystsodare fornmed by various methods, for exanpl @CThs02/5348pr ay
drying or extruding a slurry containing the nol ecular sieve and the other
catal yst conmponents. The catalysts are fornmed by m xing the zeolitic

nol ecul ar sieve wth one or nore bindipng agents such as one or nore types
of alum na and/or silica. Matrix materials, typically clays, are also
added and serve as diluents to control the rate of the catalytic reaction,
and to facilitate heat transfer during many stages of the 10 process. In
U.S. Pat engenated f@4Bspeva, less apgirprmaentaltimppct iy eaised by ynrecovegblg agborre i xed
with Kaolin cla 14 Q. Sillie 9 nd Rehei s chl or hydr ol
(5. ko PPy Sppt i oreadicbhSRoR e trintd ShrrafRd oS Roiidu A

convent i onahd lesateplatamemrtapilyie ddequeredas used; heating at 550C in air for 2
hours. 100051 Non-zeolitic, nolecular sieve catalysts are known to convert
oxygenat es [0008% aMofeculanpipye sadlpsinye formsd byghiion Bethads, fanrxampltgbhat e to

ol ef isn Pr 0g%9 ah1fd HIBIRBARIAL P AREE BdHoRANES LB ORAYRL! NG the

catalytic r tion; pro atal yst separation, and catal yst
r egener at i oataly§henmromeduts e Thotailysts armdoondidyy mixingptha zbaitic moleclatssevar e

separated fromthe catalyst particles in a separatqr, suitably.a cyclone
Sehar at or . RS S o P BRI o0 PEEOR B & bR e delfe o and

passed t 0 &120x hRGENE! &Peaily !y hEe KISYSNREAR@EerlDEs MARNERS bttt thD! ecul ar
si eve cat al yst contacts 'a conbustin gas, e.g. alr, at a terrper ature

suf fi ci ent rate obthewatalfticaeachion, aid pofictlgate hew tnansfeydurmgamangdtages af boke, t hat

" eodter at B Rstanpd S ANenER’ paleb At Fhnd ol SR EX BN Sn cactor.

25 [00061 hiixédivith Na0GR SRy (1418 wisal sARAlsbI (48 3rml/BCal dR ehisedhborBpdral yst i's
subjected to great nmechanical stresses. As the catalyst is transferred

from the rébvt Meh) Kofemaslureywhishe hepenrax died andsalcingdnéy eanyertionghd final |y
ca o0 TEYBERY BBSARRE O AT b R AR P et 2 LT

. al'yst fines . € renove ron1the r eact or
process anfoghisscarNeglzediicibleRilahQ¥d Qs ystdit khéWon ERdoah s bxygenhtes VO
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15 particularly methanol, to light olefins. The oxygenate to olefin process includes
separate 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 particles 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 burn 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 [0006] In this process, the non-zeolitic molecular sieve catalyst is subjected to
great mechanical stresses. As the catalyst is transferred 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 reactor process and discarded. No matter how resistant the catalyst is to



3 attrition, eventually the oxygenate to olefin process will break down the
non-zeolitic nolecular sieve catalyst because the catal yst noves through

t he syst ewpaB/osudeh hi gh speeds. The resistance of the catalrysp2/13389
attrition is an inportant property of the catalyst. 5 [00071 In PCT
Publication No. WD 99/21651 to Wachter et al. and U.S. Patent No.
4,973,792 to Lewis et al., silicoalum gophosphat e (SAPO nol ecul ar sieve
catal ysts were produced by preparing a“slurry containing SAPO 34, Kaolin
clay, and Rebels chlorhydrol. The slurry was then directed to a spray
dryer to formcatalyst particles with the desired size. The spray dried
cat al yst s agrigomaveituaty, thh oxesenntetdelefid pooasti willdmeakafowtnthe oan-zealatci on wer e

stated to be not critical. [00081 In U S Patent . 5,248, 647, and

5. 095, 169 (B SIEVBEAAD St LSRPR A HiovES Bieh sl sh bt BiF aqueous
silica sol sphds SPhédesHidneSof the8atBIRsEY aflfifi®iflis af bk pfoi)efq{zsgﬂl.ew th an
aqueous solution of ammniumsulfate at 60C three tines, hen washed with

wat er and databydt.at 100C. The dried, ion-exchanged catalyst is then 15

cal cined i -k at fQar._pve ' nd..t hen et epature is
I 0\Ner5ed to%@rﬁ)i en@%@écﬁ%%? at 3@ gé\z/ggésaﬁ%g&r]?cggﬂgi Qza%!ﬁg'gsl.sgt 3 portion of

thi s catal y&t 4j9937b2 R Leninteaslt, edicvaltiimipesphate (32B0) atolstalEsikos 10 hours.
Steamtreatnent following calcination is shown to Increase catalyst life,

i ncrease s&paYsIVEG Plodueddy RIpRATRS @ SIPOiRtadHBE SARE-3bdraskia layetiet i vity
t P f - oS [ t
O propaneg g0 [cgl]gﬁ@rhrdl. Tﬁ@@grr?%a%%gna(ﬁreéfeg‘f&a 9%‘%12?%%1’ ® Bhf c?té@{st going to

be used commer Ci to convert oxygenates to I'ns, cata S With
gr eat er at paiticlesnwithrthpdedited sizar #hagededried datelysthverercabesred, haweyeAthpl | cant s’

sought to devel.o PO catal ysts with a relatively high resistance to
a_ttr'oti on. C@Eﬁ?ﬁ’rﬁfw °t ‘én?tﬁi_;‘e‘ﬁetr?éﬁtegé? PoBAGI§He present inventi onis.
directed t goguR hods (95 PRERWNIS z&sg@ﬁ%@go@iﬁf&aﬁ@&%%ﬂssarpeﬁent in

non-zeolitic nolecular sieve catalysts. I'n a first énbodi ment, the
i nventi on melletués steve & midet dthaih ageemsisiiga hell and epraf doied aThaspagedrdebnt ai ni ng

catalyst, Qs itk A Bahesus ot diot ok afRonitim SullRie SEEOR! i Trss, 2! 0OEN

then washed with water and dried at 100°C. The dried, ion-exchanged catalyst is then

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
contacted with steam at 725°C or 750°C for 10 hours. Steam treatment following
calcination is shown to increase catalyst life, increase selectivity to ethylene and
propylene, and decrease selectivity to propane.

20 [0009] If SAPO molecular sieve catalysts are ever going to be used commercially
to convert oxygenates 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 [0010] 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



bi nder, the nethod conprising heating the catalyst in a steamcontaining
envi ronnent WO 03/000411 PCT/US02/ 13489 4 at a tenperature from400C to
1000C, prwbaesatisyl from 500C to 800C and nore preferably fPcormssyodse o 700C,
and for a period ranging fromO0.1 to 5 hours, preferably fromO0.25 to 4
hours. In one enbodi nent, the steamcontaining environnent contains from
5% to 10% by volune water in the formgf steam In 5 another enbodi nent,

t he steam containing environnent contains at |east 10% by volune water in
the formof steam The steam containing environment may further contain
air, nitrogen, helium flue gas, or any conbination thereof. [0011 Prior to
heat i ng t het ¢ &hgleystreifronad@i°€aml 000FCapreferable firoinr HNTED 300Meand more '

hal ogen- cont i ni ng. cat al yst can be g%at ed in a.lownoisture environment at
a 10 t enpePEteRRlYdom pe0RCa100€0t 2ndderc Peprd s3ngRs iy oo I bpusddi tion, after

heat 19 "ereriatid!ig 018 (84 SERMIEAN AYAEC AL RRTER i e

hal ogen-co g catalyst 1's heated 1n a low noisture environnent at a
t enper at ur envaforfiremrcdifias from1POGC] 0% e vblume watesihuhefoem\af steameht pr ef er abl y

contains |less, than 5% br}/ﬁ\(lol une water, nore preferably. |les Jgan 1 % by
vol ure wat 8ROtharsemingimentig steameFoR e, EPvifamER] coniaLgs %{llleaétﬁoté ¥+ cont ai ni ng

envi r onnent,o| hewatBAhBeRrmA AR Nte SRhALGAtIMRY eRErdA8REEM ) Furfir
oxygen-contai ning environnent at a tenperature of from 400C to 1000C.

Al t er nat i vebntaingur, hitrogeia)iteliom, fleef gasy orresicomyinatien thersofll yst in a

st eam cont ai ni.ng Vi ro nt,.the hal ogen-containing catalyst is heated in
an oxygen- UL i TEPeR DR s At ¥ EiBrRr B R0RedbBE o 1o00c
The 20 oxy@glRg&RbdmAiRin3GaBNst EAHETRhteR iR RIvalloysteeRhairstin gt @ed er t han 10%
by volunme oxygen. [00I3 One enbodi ment of renoving hal ogen includes

heatlidng t heeneperatisest fiom 400°Cow 1A80°6: ddternativély onineasidition, afterdegingaher e from
about 400C tol about 10006 and cont act itgg ézge heat §d .cat atl P§Stt‘ }q/ith st eam at
a tenper at GP&NFYBMASEEBLEOMHBESEEV PR SBe RRga 0T AR SaN S IS AgAed ¢ r cat ed

catal yst. & g{Rr AblsYure ER@rdriPYéni B aStembratue¥ £ O ABOIC ©OIUDBPOSTHeAS® t han 5%
by volune, nore preferably | ess than 1% by
moisture environment preferably contains less than 5% by volume water, more

preferably less than 1 % by volume water.

15 [0012] Prior to heating the catalyst in a steam-containing environment, the
halogen-containing catalyst may be heated in an oxygen-containing environment at a
temperature of from 400°C to 1000°C. Alternatively, or in addition, after heating the
catalyst in a steam-containing environment, the halogen-containing catalyst is heated

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

20 oxygen-containing environment preferably contains greater than 10% by volume
oxygen.
[0013] 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
contacting the heated catalyst with steam at a temperature from about 400°C to about

25 1000°C to 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 environment. Also,
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



vol ume, water. The steamtreatnent can take place in an oxygen environnent.
Also, it is preferred that the steamtreatnent take place in an

envi r onmewD 3onddai ni ng at | east 10% by vol unme water. |In trlog/ysoeizasy ed
enbodi nent, the steamtreatnent can WO 03/000411 PCT/ USO02/ 13489 5 renove
from about 50% to about 99% by weight, nore preferably from about 90%to
about 99% by wei ght, of hal ogen fromtge heat ed catal yst. The nethod can be
used to renove hal ogen from silicoal um nophosphate and/ or al um nophosphat e
nol ecul ar sieve selected fromthe group consisting of SAPO 5, SAPC 8,

SAPO 11, SAPO 16, 5 SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO 34, SAPO 35,
SAPO- 36, SAR®veIm SAROSAD, to BBR@ 2%, bySARIghYy MorgpRedrably fisARModT790%6AP0O- 56,

retal cont ARGy B e obsabn B oaPd bt ademabaia oty 0 ¢

anot her enmp@ihitRBhalogePRbmisAtoRfuntiedhBsihaganderAluaEnsvepeade fmbRau@r 10 non
zeolitic nolecul ar sieve catal yst by heating the catalyst in an oxygen

envi r onmensieveselecteddlipna the growp Fonsiptiag 618 AROOT S 4B @SQGGOS:AP@'%ﬁ,oduce a
heat ed t al i | i t
Fenpr at ur S8 54T b0 S oH RO IR A B TS bBR SRR L AP RE S 8L .

envi r onmens 7 AP @i40sS JPOa41e S APIRML, SAR(-44 BAY-47VOAPOESOAYPERS, |t is al so
preferred, that the steamtreatnent take place in an 15 environment

cont ai ni ngA&PQ-bhALBBJ 8t ALBOs By AlS Qe Met@P0, ARPQedy ALESEE, theve  hal ogen

to be remoygd;whhk; i s lighaRliebsom about 70% t o about 99%
by wei ght, &%gar\gbﬁklgpgr%ﬁ%q‘%g%% out er%u?% taegou't 99% by wei ght, of the

chlorine {#014] be Inanothederbvaahmertktea perabe df thathaloged can[i@0tmpvédframat her

enbaodi nent, a portion of the hal ogen can be renpved froma 20 non zeolitic
ol 0Ll ar - b ol Riars Ve AR g A eE il i SAEgHUTBATER,

cont ai ni ng .5t RaMeAkud foRMBLAIGIE b Lol 2000 C BHEdCE 2 HRAYE cADYHCand
preferably from about 500C to about 800C, and nore preferably from about
550C t 0o aboottactin@@kz hdatedrcarabyse witharaaaba uttend f¥atice fadm abo@3#009%dabonei ght  of
the halogen from the catalyst. If the halogen to be renoved fromthe

cat al yst i $0QYCoPreferably, they qxygeryenvironment contains greater than about 10% by

volume oxygen. Itis also preferred, that the steam treatment take place in an

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 90% to about 99% by weight, of the chlorine
will be removed from the heated catalyst.
[0015] In another embodiment, a portion of the halogen can 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 99.99% 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 chlorhydrol that is used to 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

gas, or any combination thereof.



25 source of the chlorine is alum numchlorhydrol that is used to produce
the catalyst. The environnent can contain from5%to about 10% by vol une
wat er, orwatosloemst 10% by vol une, water. The environnent Pcarushenidser
contain air, nitrogen, helium flue gas, or any conbination thereof. WO
03/000411 PCT/US02/ 13489 6 [00161 In one enbodi nent, the catalyst is
heated in a | ow noi sture environnent t a tenperature of from about 400C
to about 1000C to renove at | east about 50% by weight of the hal ogen in
the catalyst prior to steamtreatment. Preferably, the low nvisture

envi ronment contains | ess than about 5% by volune, nore preferably less 5
t hen about [00kSby Violanaembedimeant, thy @@alystitﬁehe@tedawmmmtu@aﬁtnairy@nelﬁan

optionally be heat ed an ox Q nvii r that co er t han
about 5% bt %/E?FlPﬁbamf8>?§ﬁ8W abpy CE{ 89@% BB e beasg%ﬁg{ 8n of the
hal ogen cagy %l%r@m{ﬁdlaforg@m@he %éthl'y@ﬂﬁld#m ﬁ@@ﬂﬁ%ﬁhﬁh@ Prefepbil, e Bleve
catal yst by heating the catalyst in | ow moi sture environnent at a

t enper at ur alol’lstmmen@@@lm@t abatains 1«3@@@11abouté%b3eV@lvmeJ wastprefisbly 9% by

wei ght of hl of, omth t act th
heat &d catiff ﬁf’o'lltol/z’\ §é’8 i &4 e&l ng ngﬁl\lllftfeélﬁ\ra&ﬁfal?})ééga?ng? 1(%’H%lﬁglfoout e5%to
about O‘Vql@&ed/@ﬂ ahgxyged wa@hnﬁnﬁtﬁﬁmﬁhﬁiﬂs re@edtdraRardboGt $9% b3BIme 000C.

Preferably, the |ow noisture environnent contains |ess than about 1% by
vol ume wat 8xygets [ 00181 The invention also relates to a catal yst conprising

a non-zeol '(?]d[lg’ n%%ﬁ&h%eﬁ%c%ﬂr@g@pggﬁlﬁgh BP{hgglﬁ{o%ﬁrQFérﬂ?e 113111%@9 froPM%]er ein the

cat al yst c rom y wel ogen, preterably from 10
to 400 ppn‘sh&oﬁl@ﬂn@iﬁphb@h@@&ﬁblewﬂlﬂs&vprcafal@rstaiyl l)eafm@thekﬁtaﬂ)m #00loppm by wei ght
hal ogen, nost preferably from10 to m by wei ght hal ogen, as

det dPni neanWreaylf@l}Wé%@ﬁﬁ’ém“PF@P&% (710 pbpu 390@159 9gEROYS2tchl or i ne

and/or the,i.no @/a 8? 'vggght g{ g’l a oBHEBH HE cat[al&gt]'?o]ﬂomd %Igll cgfm&qn{%rg the

invention is rec% contal ni ng non zeolitic CU| ar
sieve, | I’lOﬂgﬂfHatEd@Xla@etm&is‘ebmd aibhdnat@h rehxirovah ant cadtainwgeabeuts% eabonat al yst
contains f r180r/r: bayb\g)olfltlmg' gva e?gtmé tte?np%gct)uurte r(cs)om040[())9&n,tvo ggouﬁbg@tc_ ri’arlefQ ga%{]y', the
low moisture environment contains less than about 1% by volume water.
15 [0018] 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 ppm by weight halogen, preferably from 10 to 400 ppm by weight halogen,
more preferably from 10 to 200 ppm by weight halogen, most preferably from 10 to
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 embodirﬁent, the invention is directed to a catalyst containing a non
zeolitic molecular sieve, inorganic oxide matrix, and matrix material, 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 SAPO-5, SAPO-8, SAPO-
11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35,



Generally, the halogen is chlorine, and the catalyst will contain from
about 10 ppnw 25 to about 200 ppnw, preferably from about 10 ppnw to about
80 ppnmwv, wiblodmboier It is also preferred that the catal ystrarawe2/a34@AL | ndex
of | ess than about 5, nore preferably |less than about 3, nost preferably

| ess than about 2. The non-zeolitic nolecular sieve in the catalyst is
preferably sel ected from SAPO 5, SAPO 8§, SAPO 11, SAPO 16, SAPO 17, :
SAPO- 18, SAPO 20, SAPO 31, SAPC 34, SAPO 35, WD 03/000411 PCT/US02/13489 7
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
met al cont &SARIOEO,FAXBR-33f SABOHG BAPBot], SOP Ot tSAR-44 hBAROF47, PABDer abl vy,

the cataly i t %.t,0 9 i eferably 5
from about géﬁﬁé%a%ﬁig%]@d&él gﬁ?@%%%%@ﬁpﬁ%%@ﬁ?@;%i eve, about
5% to aboul PAY6 e WRialBéntaiiigToRtiesdaabihyreal O nidUrdsahabstut  15% by

wei ght, of inorganic oxide matrix, and about 20%to about 70% by weight,

nore pr ef ePeasergblyf thgwatabstieontmns aboubByato B ) ahyivight, metenrefera@lerial . I n
t he prefer i i . i fr: i t.aj 0 al um num
bt st r {0 PR R o 3% tEIORTHAIAE pfEbcle ROR'BplaRly

chl or hydr ohbout Q0204y Whighp hesepitefdrable abdud BYatosbouitell 5& Bg wieizhlywflr ocar bon
conversion processes in  which a feedstock ios contacted with a_non zeolitic
catal yst f HOWEARE @ﬁdﬁgna%;@%ﬁnﬁa@ut B0 AT 7RG DYNBFIBh s PO ?rpgemle, t he

present | SRt 4Ry A6 8ok Bo% HYUEBRARRAR mEOAICIPLAT gEAEPSS COMPT Sing

the steps Introducing a feedstock to a reactor 15 systemin the
presence ofmhodiateat, Yk inor@apicicxidegnairin opntzias hi aluninwh esule amatex thaeis

i norgani ¢ oxide matrix, and matr mat eri al rein the catal yst contains
from’0 p (?ﬁmteg f%ﬁb{hﬁgﬁ?%&e%f”ﬁﬁ%éﬁgﬁ%‘ﬁ%ﬁ, O'E}H\fmﬁn thdrawi ng fromthe reactor
system an [§f20] UueNnthespreRANnvamMebn(0do rRRES itd By drbgar®dd ¢dneBisidadrodeidedgh a
recovery systemrecovering at |least the one or nore conversion product.s.

20 [00211 whicrofehdstodknp ceitaeied with lsaop zealdistcatatiseFomonhicke halpgen has a
E;?ngﬁr ggﬁ?%ﬁ%frh\ég&i g\g{}re%{)QCQﬁéﬁly?éﬂ%FésgAtrx‘ﬁ]veglngn ?etlﬁgsstooefcﬁyd(r&)arb%rnow ding a
conversion process comprising the steps of (a) introducing a feedstock to a reactor

15 system in the presence of a catalyst comprising 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 recovery system recovering
at least the one or more conversion 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
environment at a temperature from 400°C to 1000°C; (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 (c); (¢) withdrawing from the reactor system an
effluent stream; and (f) passing the effluent gas through a recovery system recovering

at least the one or more conversion products.



zeolitic nol ecul ar sieve catalyst; (b) heating the catalyst in a | ow

noi sture environnent at a tenperature from 400C to 1000C; (c) contacting

t he heat eWO dab@liyst with steamat a tenperature from 400@CTastORD t o
produce a steam 25 treated catalyst; (d) introducing a feedstock to a
reactor systemin the presence of the steamtreated catal yst obtained at
step (c); (e) withdrawing fromthe reagtor systeman effluent stream and
(f) passing the effluent gas through a®recovery systemrecovering at |east
the one or nore conversion products. W 03/000411 PCT/US02/13489 8 100221
I n anot her enbodi nent, the present invention relates to a hydrocarbon
conver si on [(28¢ es sinconther enbglimbet, Sleepsentfin(aitiop lrdmiesitom;;hﬂirocarbon

hal ogen-cont ai ni.ng non- zeol.i.ti | ecul 53\r e@@ heati ng t he
ot alyer 1 RORie R BEReS PR e Seps ob () arpufiE ahalop 510006 (c)
cont act i ngzENRichgRlcedlaf bR ¥dlysM bh h%ﬁg@hea@ataﬁyﬁ it %ﬂ’&gyfg%ﬁ Uhirdnhim 400C to

1000C to produce a steamtreated catal yst troducing a feedstock to

a reactor syshesmature firdre 400%S NS0T, (’chwnmceagtherkeateddatatyatwitlysihamtaﬂt ai ned at

step (c); (e) wthdr fromthe reactor steman _effluent stream and
(f) éasm n@t?fﬂ%er%tf‘qut%‘é‘ﬁt“%a&tot}rﬂo&]g I BrofReA ean-paed ptelattoddr i ng at | east

the one or IRIEHITIELRIAR L RANE Syuchid A0l B lclidiliefrofgbodi ment . e

present invention-relates rocar conversi on process conprising

t he steps oita(yat)otpatmad disng (a) @Ivmgﬂimmngfmrmﬂmgeanmmsyszmlantefﬂnem)l ecul ar

si eve cat aI é&a heati n cat al in_an environnment containjng

steam at a’ {frassing &%&ﬂ%%ﬁ% eb@a{eew%ﬁm%g@wsrm% %0 99. 99%

by wei ght t&for;ehﬁnhﬁgg&g,@rsﬁ xﬁ&b&d&s catal yst, thereby producing a
steamtreated catalyst; 15 (d) introducing a feedstock to a reactor system

in tlke pr et@i@é ofIntarfgnb@re@mhqdneattethe pmaqralwnu@rbt@atwetd adtydgrcarbopc) ; (e)
W t hdr awi ng m t he reag;tn s eesrtrel3 ancehfl f I{rlso z%amm%frk passi ng
the efflue ?HV65§OQP|'}QSEF5I$ p’f% veryp§)9 e\zr%?eco r?éea 1 *®he one or
nore convegedini molecligtsseve[cRARAL (byheaidithelcataliet lmramadiragnaﬂb@ﬂaﬁmrgt s, the
present invention is applicable 20 to a w de range of 5)r ocesses incl ud| ng
t hose in whican a Réerppasefgredenm Aor 1osl&§0 (Q,E(c)d,emovmg from 70% to 99.99% by

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

also applicable for feedstock cracking and dewaxing.

25 Brief 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 is a schematic representation of one embodiment for removing

chlorine from a formed catalyst.



nore oxygenates, ammoni a, aromatic conpounds, or m xtures thereof, which
are converted to olefins, alkylam nes or al kylated aronmati c conpounds. The
i nvent i onwio3/0ed43D appl i cabl e for feedstock cracking and ®ewmaSongE48®5 Bri ef
Description of the Drawi ng [0025 The present invention will be better
understood by reference to the Detailed Description of the Invention when
taken together with the attached drawigg, wherein Figure 1 is a schematic
representation of one enbodi nent for rénoving chlorine froma forned

catal yst. WO 03/000411 PCT/ US02/ 13489 9 Detailed Description of the

| nvention [0026] To produce non-zeolitic nolecular sieve catalyst with a
relatively high resistance to attrition, an inorganic oxide sol that

cont ai ns hal ogen can be used. A 5 preferred route to produce non-zeolitic
nol ecul ar Peeanikeddddsatiption ofthednuedticoon al um na sol that contains chlorine,

nore prefe | y al ym nym chl or hydr ol a binder. The |norganic oxide sol
functi ons i@gﬁgl . Pfoamepfwnb-’reﬁﬁec W&C@@{ HPYRsGat W%@Lﬁnv?‘gg’é&mer.
However, U$dsiehn@Ptd RATIANAEIMBXadR e doliat SRR TodtalA9BEuRiieSENt S a

probl em not associated with the use of hal ogen-free binders. A portion of

t he BP0 hal preserredrrontetthpraduos gemiesliog mbdecstar sievgredtalystiintoruse ah glumeda cat al yst .
It is desir to _.renppve nost, | t .near| I of the. hal ogen fromthe
catalyst benars bReR emre prefeal 9 REm kbl ot 88iRE HRor ocess.

I'f nost of iddhenheda8eblitendiiohs sLmaNes WiieHbinti$ theCataBlsy Sdmponents

hal ogen-containing acids will formin the oxygenate to olefin reactor.

Over ti me, tagdeter. cilewsat, ustigrninprgaris oxisigsok that oriagsimiagen resems in r eact or
and ot her ' A [ [t ] i | - r illustrated
For the cab oo Eig” FiObiclmi e fisd Rl BERRCE By ' BFOHEEAET <t 0od t hat

t he lionvent halogapfrbmeke inorgahlvarxiddsal cpens iashedorhed catadstadt if Hesdrableaep br om ne

and iodine. In the case of a catalys cqont ai ni ng, chl ori ne, hydrochloric
acid will FERMETOSH nw@%aﬁ;@fgl@/ oger 0%%'961@@3!%%% $eAIE t he gas
or condensgg {fiRfia oXpEMtt Yo IBERpIO%Es AT A0 BF fhe ARz Nadt RimARdr@dRr red to
as HO (aq). Al for of acids are potentially corrosive, the hydrated form

the catalyst, halogen-containing acids will form in the oxygenate to olefin reactor.

Over time, the released acid will corrode the oxygenate to olefin reactor and other

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.
HCI may be in the gas or condensed form, usually in a hydrated form, hereinafter

20 referred to as HClg) All forms of acids are potentially corrosive, the hydrated form
being the most corrosive.
[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 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 a single heating or

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



bei ng the nost corrosive. [0027] The invention addresses the problem
associated with the use of inorganic oxide sols that contains hal ogen by
renovi ng woab/oef41t he hal ogen fromthe catal yst during calpcirraoz/osasof the
catal yst. The invention addresses these problens by 25 providi ng nethods of
heat treating or calcining a fornmed non-zeolitic nolecular sieve catalyst
prepared with an inorganic oxide sol that contains hal ogen. The nethods of
the invention mnimze the production &? hal ogen-cont ai ning aci ds, or at

| east confines nmuch of the produced hal ogen-containing acids to a single
heating or calcination unit that can be designed to accommpdate the
corrosi ve étlbget-sorshining a0Ris0004 mkthRAT H{18e 2ivEBNGDalsd Cedhned thg@mouwttifai ni ng
acids. The rrlet’hods of. thehi nvepti on @‘Jr'l?((&)f reducie tlhe anount of hal ogen
remai ni ng AOEHEERILPS &t the GaRlYBOYEr o Vet BR A B8 dur es. [ 0028] The
catal yst i go0m8fle byhdda@nNtidEade 5 prepaing Q@ NEdMaim@B neR2kliticCc Mol ecul ar
sieve, an inorganic oxide binder, and a matrix materral. The slurry is then
5 dried andol¢rapedieve aa ihegaipgxidaibindepaed apabixmatenal. sThershyryiis thepr ay

dried, and [ [ c | ySt W r@gg lyst ;panticle size is
obt a?)ned. ‘ilﬂgcg?%drﬁrr%\é\gaegla a%@ls'% 'it‘rgwtﬁﬁgfr?@ggﬁet re fégg"%r‘/ .dil.e?’ acéillam fhed. [ 0029]
Cal ci nat i opow8erltaiefllyst &itheaoveragd eatil@stplagiote gird ie obtatnellr Qe fhitmedage

structure of the framework. During calcination all or part of the tenplate
mol ecul e g#akysy if sheprisatligpieds i ¢ uedGR&: Cal cination is al so used to harden

the forned rg«ﬁ?f?g' ySéalxeﬁaﬁ(@elpﬂs%sedTJa%rhs&@ﬁljw&hmal Ingled B RGN AhLELE Used during

calcinatio nsform-t i'norgani ¢ oxide sol to an inorganic oxide
mat ri x. |t sfrsctodeiod thenfoangework. Ouride cahainaiion alheitpart of cthetaspiate meleatler i ti on

resistance of the catalyst rticle. 10030], If nvent i onal  cal ci nation
pr oc@dure F?tstfi‘«%&a%ﬁft%w%'é?aﬁ@g‘fm%wﬁ{sﬂiuﬁ tof?“%ﬂﬁger OF8cd ¢HAYSY s, heating
inair at LeRRR! AthdEiati el f el lerh paitutlASed MR IRaRIMAUBA Faffornt e are
produced over tine in the calcination unit. The formation of HC (aq) is the

result of smeagdniaeodesd tofn yiprganicorxidgmatrixy ps this erginirerkidemetha thatr  and

the vater 0enerated:fif SMeiin%dARL LAy AYIRIEL T on of the organic template
during cal Ci hEeTon.

[0030] If a conventional calcination procedure is used on a catalyst containing

o]

15 chlorine, that is, heating in air at temperatures greater than 400°C, large amounts of
HCI are produced over time in the calcination unit. The formation of HCl,is the
result of small amounts of water or water vapor contained in the air and the water
generated from the oxidative combustion of the organic template during calcination.
The released HC, if not accounted for, will eventually corrode the heating or

20 calcination unit. Therefore, it is desirable to control the removal of chlorine from the
catalyst in a manner that will either minimize 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 olefin reactor and other oxygenate to
olefin process units as HCl(,q) due to the hydrothermal conditions of the oxygenate to
olefin process. If not accounted for, the release of this HClg will corrode the
oxygenate to olefin process units. The presence of HCl(,q) in the olefin monomer feed

used for polymerization might also damage or poison expensive polymerization



The released HA, if not accounted for, will eventually corrode the heating
or 20 calcination unit. Therefore, it is desirable to control the renoval
of chl oriwe oBoemit he catalyst in a manner that will eith@cTnisn/m4ge t he
anount of HCI produced during the calcination process or |[imt the
evolution of HO to a single calcination unit. [0031] A conventi onal

cal cination procedure al so does not regpve enough of the halogen fromthe
catalyst. In the case of chlorine, the remaining chlorine in the 25
catalyst is then released into the oxygenate to olefin reactor and ot her
oxygenate to olefin process units as HC (aq) due to the hydrothernal

condi t i ons c#flystie Tbﬁvgéhat@d@wablﬂ &5 femope armysh chleripgfromdhdeataled for, the
rel ease of I S..H - W | r : ol efi I OCess

i o, he dpiThE eEaletipfblocefs b ad HEmidif oot AR S G RidBdihRE:

pol ymer i zattieaskyaegihé toadlsfin ples@ganiag. poi son expensi ve pol yneri zati on WO
03/000411 PCT/ US02/ 13489 fl)l .cat al yfct s.. Theref or .t is desirable to
renove as MBRI chi s # Fsukt pbriingthe calcyation methipds Hfgthﬁlﬁ‘éveé%\?’biaﬁlé’fli on process
so ax to m,Qim : jnt: oxygenate to

ol ef i%n pr g]égekggﬁcﬁﬁ?l%gﬁalﬁs%%m%tg’%lgﬁ%rpbgé@gg%%g%ﬁﬁgogé g?'néti on net hods
of the i nverdferoan catalysdiof ths imention contarns @ SAPAY meleenlar ateahty siummiunh | ow

amounts of hal ogen i s optained. referr catal ys f the.invention

cont ai ns a°§@9@?%¥’é’8gﬂcg‘?" '%‘P%t\}’é?fér&ﬁg'al???ﬁﬁnnﬁ?he Ci‘)t_ﬁﬁ'aéwﬁjaﬁ?q 98“%6\?16‘”8? ay, nost
preferablyphi@etd RsulfiRg oAl Bk Usd ofd Hihd@'t@é@c&ﬁéﬁh@hﬂo?&mltﬁlﬁ RERN resulting
fromthe use of a binder that contains hal ogen. Al though the invention is

di rected t onveatovisriregted tiemaviigogenpchrhelagen Eomahe ratalystas effigienilyent | y 10
possj.bl e, s f the l.ogen. i ri | |.ci nation

P ocites. | FOTTRahre DR ot SR B b 0R e 00 e

catal yst wFbllowgtthé talingtion pbesdliret Of therinventiof @R ¢upatystiall @getain fpsef er abl y
from about 10 ppmw to 200 ppnw, hal oge?, lgl)re preferably fraom about 10 ppnw
to 60 ppmwahaitd§@Rmwied00apa brlogeh, preferptly fiog oyt ) BREWAP 2PY PPBW Loss

(GAL) | ndex,pf ot Fb?ef}li FRNPIIR PO Ypitw V60 ppmiW i SednC The LhafYs3, more
pr ef er abl y)ﬁ%BGPArE ngléx %SZ thgn&’%]. Tﬁ% ‘évmal I é?mt he %AL' I reldexr,glst he nore
resi stant wollatsbhiaté oGross Athrgiondtoat (($AL) Index of less than 5, preferably a GAL

15 Index less than 3, more preferably a GAL Index less than 2. The smaller the GAL

Index, the more resistant to attrition is the catalyst.

Non zeolitic Molecular Sieve

[0033] The catalyst used according to the present invention contains a non

20 zeolitic molecular sieve. Examples of suitable non-zeolitic molecular sieves are
silicoaluminophosphates (SAPOs) and aluminophosphates (ALPOs).In general,
SAPO molecular sieves comprise a molecular framework of corner-sharing [SiO4],
[AlO4], and [PO4] 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 [AlQ,4] tetrahedral 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 [Si04] tetrahedral



Non zeolitic Ml ecular Sieve [00331 The catal yst used according to the
present invention contains a non 20 zeolitic nolecular sieve. Exanpl es of
sui t abl e worpsmewmii ti c nol ecul ar sieves are silicoal um nopaagoziass ( SAPOs)
and al um nophosphates (ALPGs).In general, SA-PO nol ecul ar sieves conprise
a nol ecul ar framework of corner-sharing [SiO4], [Al04], and [ P04]
tetrahedral units. The [PO 4] tetrahedral units are provided by a variety
of conpositions. Exanpl es of these phosphorus-containing conpositions 25

i ncl ude phosphoric acid, organic phosphates such as triethyl phosphate, and
al um i nophosphates. The [ Al104] tetrahedral units are provided by a variety
of conposiunitoars.prasideddves vastetyt ¢plecompabitions Uiraowhesaif hesg sidicomositainogs

include al uni | kgxi d h, as.al uni ' i de, al uni
phosphat es ST BRI RUATHYERESA 88 “Esifamal s 48 doboehn te. The

[Si 4] tet ahesdnedte. WhsHdR , ACARINIB0 24nl3ARIn-cbataliihd SordpRitnodieded by a
vari ety of QO&POSI tions. ampl es of these silicon-containing conpositions
i ncl ude si miged wish svaggand p teneplatgmgleyls anddeaigd wnder appropgatgtcpgditions to

orthasilicagfe, th@'ﬁ?ol@éﬁ?%@\%%“s" al um num, and silicon-containing

conpositions are m xe h water and a tenpl ate nol ecul e and heated under
appropri at ¢o@3andi t $APS nalecubarfstaves de genarbliycelhsifietliag being[MiddpdroadPO
nol ecul ar sieves are general |y cl géf‘?# fied as being m.croporous nmaterials

having 8, THHerets hayingehtlOr ¥ I MAGOYES Ui Hrediresrhbiee Fna gt et tair es can
have an avehags, RREfeDhissisARfking fbMOPoBPP YL 53nBstrens2 TISrefrOd R i ef erred

are the snmall pore S?OO nmol ecul ar si eves having an average pore size of

| ess than atelitpofs IAPQmedequinrsievey fvergadnl ayeruge porersargef hess thagiabeutrlangi ng
fromabout 3.5 to 5 angstrons nore .preferahbly fro b5.to 4.2 angstrons.
Theald por e SETEERaPERIORRY ehrespedior et AR ol SRl 48 s fuiohs od 11 ngs.
100351 An aldahReahsls Boat 85 ¢\ BGhgdtRIneC Uthabe §dréViee A tyide® obRoldaglarided in
the catalyst conposition. Al um nophosphate nol ecul ar sieves are

crystal | i neieyss kaveneohwiepbsredxinges whi ch can have an Al PO4 framework. They
can have a‘i'&’dsts'] OnaAn aluminophosphate (ALPO) molecular sieve can also be included in the

catalyst composition. Aluminophosphate molecular sieves are crystalline

15 microporous oxides which can have an AIPO4 framework. They can have additional

elements within the framework, typically have uniform pore dimensions ranging from
about 3 Angstroms to about 10 Angstroms, and are capable of molecular size
selective separations of molecular species. More than two dozen 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, MeAPOs, metal-containing
silicoaluminophosphates or metal-containing aluminophosphates. The metal can be
alkali metal ions (Group IA), alkaline earth metal ions (Group IIA), rare earth ions

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



el ements within the framework, typically have uniform pore dinensions
ranging from about 3 Angstrons to about 10 Angstrons, and are capabl e of
nol ecul arweizmoo4sel ecti ve separati ons of nol ecul ar speci ePCTMSOBF1MBAN t WO
dozen structure types have been reported, including zeolite topol ogical
anal ogues. 20 [00361 For a catalyst used in the conversion of oxygenate to
light olefin the non- zeolitic nnleculig sieve will have a relatively | ow
Si/Al2 ratio. In general, for SAPGs, Si/Al2 ratio of less than 0.65 is
desirable, with a Si/Al2 ratio of not greater than 0.40 being preferred,
and a Si/A 2 ratio of not greater than 0.32 being particularly preferred.
A Si/ A 2 raf Goouph IBDHBgTr\Q%,t\& ‘t’lﬂiaﬁ/[@ 20d V3IIBo $refprablyethedde repEespiD371

Substi t ut ed, SAPCs I b d t Th
compounds  PE GERRRRE Ry kARG abh e Asarct e eeed ol UE et ng

si | i coal unrRpRRBsPASRS aqMémy &ltraﬁaﬁ&lainm moaﬂdﬂmOnrwmmﬁé&@onmﬁ net al
can be alkali netal ions (G oup , alkaline earth netal ions (G oup

11A), rar elSetapltCh”Y arvompfighagihyy aIdFilnB th¢ metaliepmppneneduringskiathedeofthenent s, and
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atons such|@ssfn, MPOand ADPO hbkselapdiens tiavabee uded éfidledt $ARPO-5 he
tetrahedral framework through aﬁﬁ)I\/EOZ] tetrahedral unit. lncorporation of

the metal SéMsbRettPOrld, HEPCKY, B &%W%ﬁ%@%@é@&‘?ﬁﬁotﬂesﬁ@ a%

conponent  QUipgs Sm@%' SAPH-TNSAPOIR swlcﬁm S AP42 FONRY M,
post -synthesis netal incorporation can’also bé used. * 1003871’ SAPO and ALPO

nol ecul ar 47 ev&RO+30aALEORS, LR34 d, AhROuide ASRPS3 § ALPSARS- BLPGABO- 11,

SAP SAP 8. SAPO-20. . SAPO-31. SAPO 34..  SAPO-35. SAPO- 36,
SAP8037 s&égolé7 @ﬁﬁg‘%a‘hegﬁé%’ﬁﬁfm the’§Rg(5¥‘§E‘7‘Xm F'% %‘g‘ ALPO- 5.
ALPO 11, ApRGAI& arlASRPGR 18, SNHE B34 APHBE: §§Polﬁl AAKY36, ALLBAs4Hd the netal

containing forns thereof, ‘and m xtures thereof. Preferred are SAPO 18,

SAPO- 34, SAP®(B54, BARDlAlY, SMS%APQtM%%aHdA&PEQ%, inshadingcthar | y
fSérP% 1?her8§b l%émaﬁllmpﬁoﬁp%%n? Her' eof"‘Elg resEfsfeer her elsl&?h?rg%t fﬁle Cl atning
mixture is synonymous with combination and is considered a composition of matter
15 having two or more components in varying proportions, regardless of their physical
State.
[0039] SAPO and ALPO molecular sieves are synthesized by hydrothermal
crystallization methods generally known in the art. See, for example, U.S. Pat. Nos.
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, stirring or seeding with crystalline
material will facilitate the formation of the product. Typically, the molecular sieve
product 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



m xture is synonynous with conbination and i s considered a conposition of
matter 15 having two or nobre conponents in varying proportions, regardless
of their whysioewlit state. [00391 SAPO and ALPO nol ecul ar ®ICENSS2/83469
synt hesi zed by hydrothermal crystallization nethods generally known in the
art. See, for exanple, U S. Pat. Nos. 4,440,871; 4,861, 743; 5,096, 684; and
5,126, 308, the disclosures of which ar§4ful |y 20 incorporated herein by
reference. A reaction mxture is formed by m xing together reactive
silicon, alum num and phosphorus conponents, along with at |east one
tenplate. Generally the mxture is seal ed and heated, preferably under
aut ogenousstapdeeémmms, abddaed dnpee atethod, the nmleduwstev&mmpd eficer ably from

d., 25 01 Formati on of
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from the SYASELRar Rl dhare Bul AT wbiflchit ARhSPIRAME AISAPY.e Mal erial o

can be included as a part he non zeolitic catal yst or they can be used
as separ at AP IAGAN | AF T, sﬁ%‘\&e’xWMﬁBISKst(‘sAS rﬁle,rEHI WAC, DDRhEDh&ERIon zeol itic

3B o BT AV Eby. i XioS haP EHE WO b TR hed Bt el

AFT APC, ki th &dof: Sﬁﬂﬁuw‘é@%s B Ilﬁedl%spor%lecgﬁlf sievA@hat [ Suiteble folER
GO0, KFI, LEV, LOv, A, PAU, ROG, THO, and substitut ed

forns ther ggfin ts rlmmmwrainctwlpé@ IoMEiecMI]Wn, E&Qa MbT.dEEVAFER, AR @sAERat are

suitable f rlubN, and substituted forms thereof. These small and medium pore molecular sieves
are described in greater detail in the Aflas of Zeolite Structural Types, W.M. Meier
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, erionite, 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-zeolitic 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
particle is formed and heated, the inorganic oxide sol is 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



use in this invention include MFI, MEL, MITW EUO MIT, HEU FER AFO, AEL
TON, and substituted forns thereof. These small and nedi um pore nol ecul ar
sieves aweodmsemi bed in greater detail in the Atlas of Zeclritse2/&48uct ur al
Types, WM Meier 15 and D.H d sen, Butterworth Hei neman, 3rd ed., 1997,
the detail ed description of which is explicitly incorporated herein by
reference. Preferred nol ecul ar sieves 1g\/nich can be conbined with a

si |l i coal um nophosphat e and/ or an al um nophosphate catal yst include ZSM 5,
ZSM 34, erionite, and chabazite. 20 Binders [00421 Once the desired type or
types of non-zeolitic nolecular sieve is selected based upon the desired
activity andogeidedts ¥hydropflatetheluomneh pated sot ¢tnataimmg ehlioside asithe colitended wit h

t he non-zeolitjc nolecul ar sieve, One aof. these teri i ngl udes one or
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a "glue" which binds the catalyst conponents together upon thernal
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PCT/ US02/ 13489 15 .chl orhydrol is a hydroxyl ated al um num based sol

cont ai ni ng"eHIESEISARIY{UnKefio ABTHPRM OXy BYErORP i HUTHenPRADAY I OFSRSR t he
general - f ot gel:dnsior] ARG ReHAGni M A& ok Dy-biimind B-hnind 4.5 1 t0 8, 0
is 5to0 40, pis 2to 15 and x is 0 to 30. Although the equilibria of

al um na speloigsa,iralomenas ad p-gluponp| Alamitire tphyadonie anth aspsegs, is 5

believed tp be [ A11304 ACL7(H20)12]. L,n addition, other, alumn

ot A ol s RaPrUG AORRUATR (1YL 50 BHSHMEF DA EPORe L cb FFEDhat can
be used i Nghyds of ik biRd& is Afed REARSRAF thiknlrk §b HRE theAnAludDbMtHETRXARY dr oxi de,
fly-alum na, boehmte, diaspore, and'transitional alum nas such as

a- al um na, iRrgdnimexide matry inhaeatalgstaioy mchedingthe anqigameoxide fpmaivaek ofand
p-al um na. Al um num.tri hydroxi de. g} bbsi o rite,
nordstrand#FJPnd%§g%| 8?%3%g$ﬁg§%%$§§gPﬁ§F€%Piﬁ%ﬁg%xégﬁggéﬁﬁsed. A

suf fi ci ent preferably from about 5% to about 20% by weight, and more preferably from about

15 7% to about 12% by weight.

Matrix Materials

[0043] The non zeolitic molecular sieve catalysts will also 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 silica 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 during 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



anount of the binder is added to the slurry m xture so that the anount of
the resultant 1inorganic oxide matrix in the catalyst, not including the

i nor gani cwoxs@eo4ir amewor k of the non-zeolitic nol ecul ar PCHAS2/MBII r om
about 2% to about 30% by weight, preferably from about 5% to about 20% by
wei ght, and nore preferably fromabout 15 7% to about 12% by wei ght.
Matrix Materials [00431 The non zeoli til(i/am)l ecul ar sieve catalysts wll

al so contain clay, preferably Kaolin. trix materials may al so include
conpositions such as various 20 forns of rare earth nmetals, netal oxides,
titania, zirconia, nmagnesia, thoria, beryllia, quartz, silica or silica or
silica sol whahdanbgusedia thépresent invEnigonddclode thetmontmortleniiezind kaelomponent s
are effective.in reducing,.inter alia, overall. catalyst cost., agti.ng as a
Cher mal i FiEtis” whERENE e SrPEnPid ofBh b Sy ARk pEEHER a0 on
densi f yi ngMdMmeeatadrg it andMorida B8 Sdit@het ah dhichithS i BNGinkral Ihetitieat of
matrix materials such as naturally 25 occurring clays, e.g., bentonite and

kaol i n, i mriwlasite.daoknites Hickite, Sagte, Wfandyrdtecat al yst under commerci al
oper @ting jtio - | td L AYSit; V: & he
artr ot on FRAAL; oSod iR el POl ' QR o bR VR BBASE. e as
di | uent s t and fooria mbsttphe theadlay lods noafifieetr i catalytic #ctigity ensghctieggs so t hat nore

expensive neans for. controlli the rate of reactiqn is elimnated or

mi ni mi zed. Keghine aPAligy E)cfguwmgﬁg?@%h_ dspisabsaiticn (RSO PS8 6 whi ch

can be_usethd gk BE pRIGTHARCaURYPNL pARILAGLUIR thiles WAHTI Ty ARibiecand kaol in
ic ude the I

fam |ies i nc sabbentonites, and the Kaolins, commonly known
as Dixie, catlNsiresestiogr Fhaprfuireflaveragapastiely size of thstkaelin isfD. whingh t he mai n

m neral constituept S haloysite, kaqlinige, dickite, nacrite, or

anal Yite. @6[‘561%&‘&1)9\? Pﬁ’?‘ﬁ@ss ze gtalé?‘sgtan‘c}f’%cﬁuﬁeso(fﬁggam}nhe#%ecmllcr?\%snti on as
an inert depsdfdtflline sifiBfconltéht of the ciHas Pigd beddiee £ iMpoas: pagangdtérect on
catalytic activity or selectivity. Kaolin's ability to form punpabl e, high

solid content slurries, low fresh surface area, and ease of packing

because of 1S pa!ng Ir IpRifMcture mekes it particularly suitable for
cat al yst p%eeéﬁ—ﬁtgsﬁhe&m%. ferred average particle size of the kaolin is
0.1 mto [0045] Rigorous mixing of the catalyst components is necessary to produce a
15 hard, dense, homogeneous catalyst particle. The primary consequence of poor mixing
are poor attrition and poor catalyst density. Stratification of the components caused
by incomplete mixing can also effect the activity 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-milled for a period sufficient to obtain a
20 desired sub-particle 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 um, preferably from 50
pm to 200 pm. The catalyst sub-particles contain non-zeolite molecular sieve,
typically SAPO molecular sieve, an aluminum oxide matrix, and a matrix 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 fluid, typically water, to form a slurry. Other fluids, e.g., alcohol, can be used along

with the water.



10 0.6 mwith a D90 particle size of about 1 m Because of environnental
concerns, the crystalline silica content of the clay has al so becone an

i nport antwpasanater. M xing and Spray Drying. [00451 Ri gecausomidsng of

t he catal yst conponents is necessary to produce a 15 hard, dense,
honbgeneous catal yst particle. The primary consequence of poor mxing are
poor attrition and poor catal yst densi tl?' Stratification of the conponents
caused by inconplete mxing can also effect the activity and selectivity
of the catalyst. Generally, the mxers are of a high shear type because of
the thixotropic nature of the slurries. The resultant slurry may be

col | oi d- mi 1007 f or The prefeimed skidyfis piepared by mavngithe ron2@otits mokagukub- particl e
texture, sub-particle siz nd/ b-particle,size distribution. [00461
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preferably from50 pmto 200 m The catalyst sub-particles contain

non- zeol i t €M ied @meuntpiayater is addade dibeylugapeaydseeantain otiepmaterials al umi num
oxi dg mat r 'iﬁ(dlucﬁﬂ_gmotﬁ PR 6fﬁ8¥e‘éﬁlhﬁéieve2§thwﬁlh&&5'a){l%i%h%}f aPrﬁf.pé{eﬁEJk.O” of the
catal'yst begins th ™ Xi ng one or nofe non-zedlite rr{ﬂ ecul ar ‘st eve, one
or nore i ndhgarescpandityenfsind satalpst@andthemechamedlsinengthbétheahm]ysaisd a fl ui d,

typically ter, to forma slurry. ther.fluids, e.qg., alcohql, can be used
al ong wi t\ggﬁqﬁ‘@e‘%&“ép“? awlﬁﬁf@@ﬁyﬁﬂm?’é‘f‘ﬁ Ué%?ﬁlfﬂBgﬂ gwraﬁﬁégaﬁ%eﬁe preferred

slurry is P&xﬁﬂ%zﬁ%@%ei@h%&&&n& B?sdﬁ@?ir?ﬁ@'siuhh&aﬂ?in%_@ Bodt 2008 kYo Wyt h
al um num chl orhydrol and Kaolin clay, together or 'in sequence, in dry form

or as sl ur megght, préferably Somi 4% & e0%adsetight g ¥ reartheweightpesednit dissolids | i mi t ed

and , control | ed, anmount of watep iS._ad . The slu .a] sq.cont ai n ot her
el 8 IRGIEAT B R b7 o PG s iR P PEOE BN E ISR, <. "an
ot her matr k¥raf@hehhd@hhen thegeipRyRRRAOSsbidLih thdguRisAkishardfilobie

mechani cal strength of the catalyst is dependent on the anmount of water

cont ai ned Weighhéhesttiition resisiange R thgicatalyist pgohdéis alforlsigablnthat thee wei ght
et et o GRRETE BD A0 PRI SR
form the catalysts of this invention.
15 [0048] The solid content of the slurry will contain about 10% to about 50%,
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,
and about 30% to about 80%, preferably about 40% to about 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 fed to 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 outlet 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. Alternatively, a multiple nozzles may be used



10 in the slurry is greater than 70% by wei ght, the viscosity of the slurry
is too high to spray dry, and when the wei ght percent of solids in the
slurry i swbhasmodhan 20% by weight the attrition resistaneerafSot/maseat al yst
is poor. It is also desirable that the density of the slurry be greater
than 1.1 g/cc, and preferably greater than 1.18 g/cc to formthe catal ysts
of this invention. 15 [00481 The soli dlgontent of the slurry will contain
about 10%to about 50% preferably from about 20%to about 45% by wei ght,
non-zeolitic nol ecul ar sieve, about 5%to about 20% preferably from about
8% to about 15% by wei ght, binder, and about 30%to about 80% preferably
about 40% tocabesdithe&gosrpyntodiegitemizatean ¢hambemt Altérastivelih thesluryiy i s nmi xed or

mlled to achie sufficiently unifor l.yrr f 20 catalyst.

sub-part i cl%érgc.’te%('ﬁoet%g PEYIgef gtna( ?%W‘?%gg?‘g]‘@“#i’o?% ﬁ@“ Hie %13031%%‘(5“{?% cat al yst
particles. sihig dk@léeh NThélElié of the ARirMuBIdMAGnAdropletsasB&ItALI1eE eymgi cient to
renove nost of the water fromthe fornmed catal yst particles. Preferably,

t he form ndadiers ingluding Bpyagte, prespare, anthismpgiatise ok the slupiyt ths shane@nds typical |y
t ake & he f i S I I Yoyl spray

dri er5 at aggﬁéﬁoﬁeﬁﬁﬁﬁ%}%{@ﬁégg%@hé gatn%%)#r]ltge nglé%l'r Z)rrlﬁlegb%%g? %r%i C, and an
out | et t endekrdirug eo-camgit ngcdumomchBOE floov afmupasfing GrougtDBid 9drappdriemg spr ay

drying, the slurry is passe hroygh a nozzl e whi distributes the slurry
into snal | V&ﬁqaéis_glaal‘rl@g%%ﬁ? h’g’“’é’#%&é??”é%‘?f? regoksIf arissheopli ¢ o
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(single-fl nozzle)y into the atom zation chanber.” Alternatively, a
mul ti pl e norzdlesy aeditbesessy WD «3/be0Q4LyLalPEE/CUBHR! NBYES size & ditectp- f eed t he

slurry into the.atom zation chanmber,. Alternatively, t lurry is directed
Lo tth per praReiotf RS KRR RERTRE e i Er A sl oop  Fafe ¥y S urry Tt o
smal | dr oplgitRie stAardll spBeritfal EMd@acirtitd 88 @shehd bk Ehe sttt 8hapeiof tikont rol | ed
by many factors includi nﬁ flow rate, pressure, and tenperature of the
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slurry, thdrgngapeanshed aswall ae thsiagnmisatiansosrdiz used) A Boltzgan disiriniting rate of
low of o Pt AadsRRIE 426 f iOMEReL ik Boh Bt yi Bl Y Rl S T he
formof a ppwdeimaAcle 70qeoNadratt databynt pacibledizep Tk average catalyst particle size
15 is controlled by a variation in the slurry feed properties to the dryer and by the
conditions of atomization. It is preferred that the formulated catalyst composition
have a catalyst size from 40 um to 300 um, more preferably 50 pm to 200 pm, most

preferably 50 pm to 150 um.

20 Calcination.
[0051] To harden and/or activate the formed catalysts a heat treatment, i.e.,
calcination, at an elevated temperature is usually necessary. Ordinarily, catalysts with
alumina or silica binders are heated in a calcination environment at a temperature
between 500°C and 800°C. The conventional calcination environment is air, which
25 may include small amounts of water vapor.
[0052] 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 a single heating



[ 0050] Catalyst particle size to sone extent is controlled by the solids
content of the slurry and its viscosity. Al else being equal, the

cat al yst werosioedse1 si ze is directly 10 proportional to theprsaolisdyizent ent of
the slurry. However, control of the catalyst particle size and spheri cal
characteristics al so depend on the size and shape of the drying chanber as
well as the atom zation procedure used.,A Boltzmann distribution of

catal yst particle size is invariably oB?ai ned around a nean, which is
usually set at approximtely 70 m average catal yst particle size. The
average catal yst particle size 15 is controlled by a variation in the
slurry feednypr dderschesaticaliagremdn Yy 1dapiclyypne hmbodioredt of the mvediticat, omi zat i on.

It is preferred that the formy d cat gl,yst nposi ti on a at al yst
si ze from 2(‘6“% ?gln%'?ﬁnt%wg%ﬁ 8?%%7@1255”%%3’8 Wd’flr?f‘% t\é%f??‘@?er ably 50
mto 150 m1239spplied ikl LBrm{n@QaklpréRrdbdy & Srap e and &l diddtcd té R@edtor med
catalysts a heat treatnent, i.e., calcination, at an elevated tenperature

i s usual |y tiseleeensaniy 14.0Fae ersalystys heatadaat  semspesatire fram abaut 4087C wiabpeta bi nder s
are fheated pho GAELARHON LR 56R B0 soBe ,‘?ﬁ%s)s%rgf%}f&a%ifg@% it mggoc and

800C.” The conveng)l ona caq cl néltl on envi ronmen
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of heat treating a formed non-zeolitic nolecular sieve catalyst prepared
with an i narganvelugeiviierspietaraply leshiben il visbyvolerge waterTilhe sy meBET®f t he
invention R4 AAUG He o Rl i hgi i heel | €ast
confi nes w%%lngl&?ﬁ%\n%rn g%ug%hgl Uﬁ I oge%@o‘%t a %?ﬁ gg?dés@ t%{:glq?lla(rg\é)le%@heati ng
WO 03/ 0004 sdede@®lyusoal, hB34gen, htbumnflve gabher ang lvembinatodbegrofindnithe Fi g. 1
depicts one enbodi nent of the invention,.in whi a chl ori ne-cqnt ai ni ng
SAPUcat al FEters! SEoqBE e A ST e deipirreliRt 6 o SRS IRRd 1 1 om a
form ng unizhe, OB ERM Nt POPRT AitrdEherT g AN tHeSall bfoRIBEROR SR iR UIRRLFF

treatment unit 14. The catalyst Is heated at a tenperature from about 400C
to about 5 giO60iqd eftegaibgure. blentrgpistcarsi@d Gut for alpendd S0k suffisientpgpef er abl y

];(r)g[n alal;IOﬁ; rq:lgg\gec(ihﬁ‘%ipaegﬂ%iceﬁ y0 or Ia rI;er?o ng frgr?ll OS§ tL(I)r 1% l(l:o%lrs? Ippe grlalg)lg o? \r/(;ng ?nmant
to 5 hours, most preferably from 2 to 4 hours.

15 [0053] As the catalyst is heated in the low moisture calcination environment most
of the chlorine is removed as chlorine gas or as a non-hydrated form of hydrochloric
acid (HCl(y). HCl, is not as corrosive as HClq). Approximately 60% to 98% by
weight, preferably 85% to 98% by weight, of the chlorine in the 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 chlorine.

[0054] Following the low moisture heat treatment, the catalyst 16 is directed to
heating unit 20. The catalyst in heating unit 20 is 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



5% by volune water, preferably less than 1% by volunme water. The | ow

noi sture cal cination environnent can be provided by using a dry gas 18,
e.g., airwphawolas been adequately dried, nitrogen, heli ®ar/tfdozres4gas, or
any conbination thereof. In the 10 preferred enbodi nent, the catalyst is
heated in nitrogen off gas at a tenperature from about 600C to about 700C
Nitrogen off gas is the gas produced frgmthe boil-off gas of a liquid
nitrogen source. Heating is carried ouf for a period of time sufficient to
remove chlorides, typically for a period of from0.5 to 10 hours,
preferably of from1l to 5 hours, nost preferably from2 to 4 hours. 15

[ 00531 As tchielystatinhsated insuhe2 wagesrramn 8.1 tow howrss pigfasabd pfriommAz$ ot

envi ronnen . th hl or | IS I Lorine QF..as a

non- hydr at télagr}%‘(s){r"l}ﬁs g%cngi/ g?%@he I"ltoléeirﬁgresgl(t:sl lg @@5@?9&2&{0@@}1@@%&9 f %lg corrosive
as HCl (aq) chidppé exhdiRing iy cH0Y6tt16. TRy 22 Wil gbitaindes fremadbloyt &% ppnow 98% by
wei ght, of the chlorine in the forned catalyst 12 is renpved during the
heat treat SBREINEPrefREb]yogss B ahaue2QpRM Y shiosRe dRE Pasierhky lessdharo| | owi ng

t hi s cheat tg o Gad al yst 16 contains |ess than about 6000 ppnw
5 Sifl 62) Pk‘ﬂ : . :
chl ori ne, taf)e er gfny egs t han about 3000 ppnmw chlorine. [00541 Fol | owi ng

t he | ow nDI[6055} e hieanotheeanhbetiment the seamnedlcglsinatién esvidinmeot @ohtdigs atheat i ng
unit 20. The c st.in heati unit.20 is heated in a second cal ci nation
eni r onirenteisi DY SOLBERICt s EHAERIS YEHITS Shi it (SR EAIHETPE om about
5% to 25 aRpittorkBh Ry VNI M@ tRIgen, HARUMEM® gHsNGr 9 cUABifafiodaRrdoR t he

calcination environnent 24 may include air, nitrogen, helium flue gas, or
any conbi n&réfenablyt thersewind cTlvmatier emdranewnt ¢ongaansnant A gatalynethatas al yst - 16 wil |

t ake pl ace at enper at ur from about 400C t o ahqut, ,1000C, preferably
fr oﬁlnoabout ¢ ’btﬁ%e‘i 3’@510(:&[0'r@%ﬁ&,enwrr’roﬁ’%eng?oélftaé?lg%Iaglef"m?(oi% ‘étbyo‘fﬁqu'gﬁgvé? & about
700C. The pgdit®@Fe stehirnAtaiddi SheatPeadiblll 3¢RAO thlad I0BCIF BSOS RE489%20 cat al yst s

is heated in unit 20 ranges fromO0.1 to 5 hours, preferably fromO0.25 to 4
hours. Thi preferéblsidn pdess of pleaut A8Htto pbeul|%P% qfthechlemre rwmaimedin thes t o about

ross han SBB0eBUBS e ChPSisn s Sl Rl @l o BB HRbe Gl B i

chl ori ne, roiiteinpbehertafiinyw e stsout AaMppmw chlorine, preferably about 10 ppmw to

15 about 200 ppmw chlorine, more preferably about 10 ppmw to about 80 ppmw
chlorine.
[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 800°C, more
preferably from about 600°C to about 700°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 during steam
treatment. On the other hand, if the temperature of the steam treatment is too high,
25 e.g., greater 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



5 about 80 ppnmw chlorine. [0055 In another enbodi nent, the second

cal cination environnent contains at |east 10% by vol une water. The

remai ni ngwoaBwee1df gas in the second cal ci nation enviromeeEntsome3ss® ncl ude
air, nitrogen, helium flue gas, or any conbination thereof. Preferably,

t he second cal cination environment contains air. A catalyst that is 10
contacted with a calcination environnmepj containing at |east 10% by vol une
water is said to be steamtreated. Steamtreatnent results in a | oss of
about 50%to 99% preferably in a |loss of about 90%to about 99% of the
chlorine remaining in the catalyst follow ng the | ow noi sture heat

t r eat nent . 9978%shweweisht ewrepretesabdy graut Q%o to abeyi 92198 eloweighh obgw t o about
400 | t - 00 hl ori ne,
ppmw Cmggf.bgggggg&{l@aggéﬁ%s?bﬁg stchth BB ifi 3y %gh&(aT,obg,gg}g chl orine

nore prefer o about ppnmw orine. St eam
treat nent aimolieofEClal)psddused is sigaifecapilpoduedd echsepersadithe chlodne about  400C
to about 1000C, preferably. from about ,SOO%to about 8Q0C, nore preferably
f r om about 'BEOCAdYrias dieniFebkeat Featmsrtin S IgWrP gl HNR0R cat al ysts is 20

heated in E{x}iri];o nt 2RYE Feshit WL gmlau&&n%fh%@;@qﬁ@@ﬁiﬁm%y AkQnr0.25 to 4
hours. Al though tenperatures of about 400C are sufficient to adequately

renove nosstemfate héptinghunos aneeséd thmptddecet efl Sk, wildercanfnet towhd ss¢éam he
additional chlorine is.renoyed .wl/l be |ower than, if a hjgher tenperature,
oo Booct b u g At ebinremmmott IR doBERE [T he

t enper at ur ?oosfs! t herrairgadtius &BfTBNStednd trethehi, b catal@t rag be cBlcRRE @I at han
1000C, degradation of the catalyst may occur. The tenperature at which

degr adat i onraleinatipreenvatoamest coptainingaiclagst a4 ty vadwie faoeferablyf atdeast 1Q%abal yst
formul ati ons, and var.i non- Litic ol h..SJ . 7 e ‘
Sure naapit ol R BREsaEaus e I8 R Halhadt PR 1 BERAIAG O

noi eam about 70%

to about 9%he3P90chIA veaIgithat Pachehablcihed i eBbidninenaaibonidasAsIAO0411
PCT/ US02/ 13489 21 99. 99% by wei nore preferably abqut 98%t o about

\wei ght ,
99. 99% by W& ghrolume okkgen it pridFq Rreoviger HEAted r FRsOYEEmPREIONMEREMAY Baim
treatment mddide%rbqrdﬂlc& AR of Bnd Itﬁﬁogen. The calcination temperature of this

oxygen environment may be the same or different than the temperature of the steam
15 treatment. ‘
[0059] It is to be understood that although Fig. 1 depicts more than one heating
unit for each type of heat treatment, a single heating unit may be used. In 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 HClq) 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.
[0060] 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



anount of HCO (aq) produced is significantly reduced because nost of the
chlorine is renoved during the initial heat treatnent in the | ow noisture
cal ci nat i wo 08/0e0atironnent. As a result, the production of PiCTarSeiifsag) i s
mnimzed. Also, if separate heating units are used the production of

HCl (aq) will be confined to the steam treatnent unit, which can be

desi gned to accommodate the HCl(aq) prgguced. [0058] If air is not used in
the steamtreatnent, the catalyst nmay be calcined in a calcination

envi ronnment containing at |east 3% by volunme, preferably at |east 10% by

10 vol une, oxygen to renove tenplate material that may have remmined in the
pores of t hecessasyeThafosmed cytalyst ip ateathdtcatpdaha teminsiratens from abppue AQY 1 olorent

t hat cont ai ps st . 3% vol u en i id to be. o n treated.
The. oxygen BT PGTeRterraglon Brobralh ey BBt aniadrabbiraln and
ni trogen. Iﬁ@t%@b% RAIHAD 70 R EPERAPLH A dahngwh&h tﬁémagstmv%&mﬂmt may be
the sane or different than the tenperatureé of the steam treat nent.
[00591 It 028 rimpebfromnerss bots tirefierablyt o G2 SEO ¢ holirsdEpé ctbam mestenenhan one

heating wunit for each type heat nt, .a singl eat|n njt may be
used> I'n t & [EHE¥e go'f‘r?&"\ﬁ@&%??f é’HQ/ﬁ'%%ﬁggt‘”qgﬁt’cﬂﬁfgg@E’ %9‘11&‘:’?‘%‘9%68“ ng the
type of gag, flfeo 899, b \]&glgﬁ@ mdtd Fre@edPfrbm 388utloR oS et @9’.96%92\;” to

steam Alternatively, different heating zones 20 in a singular ating unit
may be usedveaghtofdienchlorne ih¢hd fovmed ¢atalystEach heating zone wll contain a

di fferent i nat.i envi,ronment wt transition zone dis ed between
the heati nggdzﬁgrlmes.15 ‘#R’é“?% &rs {rhtgeea\{“rgﬂg, tﬁs&*ﬁ%&%%& %’gt;gﬁng[g%t%? g zone or
heating uniggm&@telplapy BETcARRS rhay KivBirdhZifed il@hd pores sEekices Tie renove the
desired amount of chlorine, while mnimzing the amount of HCl (aq)
prod@ced. FhlsingBen tegrpgrapge of Hanexicenemarangepppay be thesamewr diferest thannunper

of heating i e skilled in the art including novin
bed react o}%ﬁeﬁé?é\ﬁ#% g\é\ﬁ,%aélgfeg{r"?&?fal ciners, fluidized beds andg )
packed- bed [@m2¢h riaagbiesemb&imOht, ttaramesthent ethe ditaeptmihwksplaaen t r eat ment

is used to renmove nosi of the hal ogen fr&rﬁnthe formed catal yst. Prior
heat i ng i naHe) BUPXYEF%BeA FegAent oAt st st toden erapeEen £AVIRETIea 13489
22 temperature from 400°C to 1000°C, preferably from about 500°C to about 800°C,

15 more preferably from about 600°C to about 700°C. The period during which the
catalysts is heated in unit 20 ranges from 0.1 to 5 hours, 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
oxygen treated catalyst is 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 introduced 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.



necessary. The forned catalyst is steamtreated at a tenperature from about
400C to about 1000C, preferably from about 500C to about 800C, nore

pr ef er ablwofmsom41about 600C to about 700C. The peri od dur ipag/usaz/ciiss he
catalysts is heated in unit 20 ranges fromO0.1 to 5 hours, preferably from
0.25 to 4 hours. The steamtreatnent 5 may renove from about 70% to about
99. 99% by wei ght, preferably from abou 395% to about 99.99% by wei ght,

nore preferably from about 98%to about~99.99% by weight, of the chlorine
in the formed catalyst. [00611 Followi ng the steamtreatnent, the catalyst
may be oxygen treated to renove tenplate material that may have renai ned
in the por ¢806d]| t hEhesiagalysts dihtbe p@salimienton am usenimraatanety affpradesss oxygen
environnment nay be the s or different than . the tenperature of the steam
Eroat mont | IHORAE <Far R HEPC b ez Ao B e B RO B P e cat al yet

nmay take pIlﬁ@;_%ge@ftfbﬁ,rdea?d@éé&%an,f&asxaxﬁl@,e@dﬁ@d&vaxmea&a%@iloxsankmmhﬁat ed in
an oxygen environnment at a tenperaturé from 400C fo 1000C, preferably from
about 500CtmosadpdationgdentkylatBnpydsogrcalizatiab) disgropertianasion, @ E@@erigataiout  700C.

The peri od ,durin i.ch the | S eated jin.unit 20 ranges fromOo0.1
T B r o O ER ah forBBaMnk e DB R Iofl il orPed BRIES (10T
wei ght, pr ef Bila@dnyin (Bdndr0zeBbfe Batalv&l BES corbivetabid i bledted derihgthehe f or med

catal yst is renoved during the oxygen heat treatnent. The oxygen treated
catal yst i satebydif PEssesadteagtons mpy gus hatised fpelopger nsaads ofgiag befpisusrair of 20

chlorine fr t . 1S..St eam contacted catalyst will contain
about 10 pgggvgpi#gmg%olﬁ%y%%éa%mlr%ebhI orine, preferably 10 ppnw to about 200

ppnw chl or i{e0®65)] nor &he pre€éresdaivboessed of frewrésentinoeritiod Onghypdea mbtesi ne. [ 00631

The oxygen heat treatnent .and. the steamtreatnent of the catal yst may take
o1 20D Y B° S aBaRed I TSRy ST has SR MBS B QT AL RPR RHOGB | 1

di fferent o?éloke&ieﬁﬁ\(ﬁ) £d 4 fBtesY Birbcted R th€XH W sfon SMAGPMILIY &VY,F onment  may
be introduced near the entrance to the heating unit and steam added near

t he mi ddl e mofre bhyzehatas forajkylniminesland ithpastiowlgr pethylamlinesal ci nati on of the

(I::’aC'tI'? luégtz / 2%%? prfnoarprtef%rrtec? €m g&i%'eX? § 1fE Brto%gsts 'of gletirrll\?entics)ltaﬁﬁg}eeg\sl?og(?’/ 000411

contains one or more oxygenates, more specifically, one or more organic
15 compound(s) containing at least one oxygen atom. In the most preferred embodiment
of the process of the invention, the oxygenate in the feedstock is one or more
alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the alcohol(s)
has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms, and most
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.
[0067] Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-isopropyl
ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid, and mixtures
25 thereof.
[0068] In the most preferred embodiment, the feedstock is selected from one or
more of methanol, ethanol, dimethyl ether, diethyl ether or a combination thereof,

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



23 [ 00641 The catal ysts of the present invention are useful in a variety of
processes including: cracking, hydrocracking, isonerization,

pol yrer i sapioapo4nef or m ng, hydrogenati on, dehydrogenati orCTASAZXI489),

hydr odewaxi ng, absorption, alkylation, transalkylation, deal kyl ati on,

hydr odecyl i zati on, di sproportionation, oligonerization, 5
dehydrocyclizati on and conbi nations thereof. Due to the |ow |l evel, or even
absence of halogen in the non zeoliti€'catalyst, less corrosive acid is
created during the catalytic process. Reactors may thus be used for |onger
periods of time before repair or replacenent needs to take place. [00651
The prefer|[Qﬁ!59|brochsthemosnfpreﬂeeeqbmebedimehtnﬂerfeédstmck,rprhieddalﬁofmmmess 10

di ted to th i f a t ock t
o one.  or TRGT SXGRBHE 5o Re g LR P S EhEa R ST ERECoR o
anmoni a anda®Bss &bms rﬂ?éi%ra‘?ﬂ%}’@ﬁﬁ@&eﬁﬁod Somk K¥fosBpreftso] ANk bIRFREAY, taldﬁk!' ar

met hyl anmi nes. [00661 1n a preferred enbodi ment” of the process’ of

i nvent i on, ot pembiaeiient eiconeetaddlons 2 feedstock eantainiog pg ongeste, pmfeeably
specis i cal o\ a5, Blol RSB IAB 6ok SRTRENALL Sl AL AL MiRg, Bl | c25C one

oxygen at ofl f the

i nvention, ptdpgleaxygenate in the feedstock |s one or nore al cohol (s),
preferably aliphatic al cohal (%%there t he aI i phatic noiety of the

al cohol (s) IO‘H&E f r' b mogtpreforredaprpesss & gshgrallp refeeediolay gps-gholefiiy 10 car bon

at ons, and ég‘f@ﬁ] or ﬁ'ie%a‘%fv@ e%%(;’l}tgafctginﬁ rgﬁfﬁ"(ﬂo In Qlﬁxfgg@ &xJJ%F d%ﬁ&‘ﬁ?' 5 useful

as feedsto € process vent rai ght and
branched chaygenafed péabiock,ahaso poifarabind mdikinol cmmammgrfe&cbdck: asl ndretepad t S.

100671 Non-limtin s of o enat e | ud th et hapo
propdnol , i sPeess %ﬂo)%arféf FIndQ H’}%/‘%é’f“l’f&o?edd‘l? Fl’f‘?fa%g‘f ?.[a[]pre%q P et her
di -i SOprOp)éihyle%EQﬁ&/or Bl%bﬂﬁhéj%lﬂ)éﬁ?efer@éd‘i%tab‘}ﬁ h&ﬁéf'ﬂﬁé‘)at e, dinethyl ket one,
acetic acid, "and mxtures 25 thereof. [00681 In the nost preferred

enbodi nent 100c7ﬂda f eTedmwmbOdsn@eb%t@te @tbceysdior aneersion aferfeedsfocket hanol |
ool S e e SO BER JFLBRP B
produced based on the total weight of hydrocarbon produced 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.
[0073] The diluent, water, is used either in a liquid or a vapour form, or a
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 diluent in the feedstock is in the
range of from about 1 to about 99 mole percent based on the total number of moles of

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



WO 03/000411 PCT/US02/13489 24 [00691 In the nost preferred enbodi nent,
the feedstock, preferably of one or nore oxygenates, is converted in the
presence wh oaoemtinl yst into olefin(s) having 2 to 6 car b®@aI/BIDIESY
preferably 2 to 4 carbon atons. Mst preferably, the olefin(s), alone or
conbi nati on, are converted from a feedstock containing an oxygenate,
preferably 5 an al cohol, npst preferab?é nmet hanol, to the preferred

ol efin(s) ethylene and/or propyl ene. 0701 The nost preferred process is
generally referred to as gas-to-olefins (GIO or alternatively,

met hanol -to-olefins (MIO. In a MO process, typically an oxygenated

f eedst ock, pnﬂ@abbdhﬁma@hnﬁtaahnnﬁénnmﬁmuﬁbabhﬂhgnabnmém@dknnﬂg bonverted 10
in the presence, o into one |.ef.in(s), preferably and
NN e e R e At M LA G R

ol efin(s). idd¥édsl ahB RNl NERAL)TPAETR(s){ REMBIASASS HPExHPW OIS Parnpf a
feedstock, preferably a f eedst'ock confai ning one or nore ox genates, the
amount of dloefiodf %2, qdd@@ﬂ@@@rmléﬂ qymlméesﬂgqrmf wrsteganly efopsiledeocar bon
produced i han e er than 60
et ght per SR B RS wR o BBk RERRARE 4 GPRELEURRNBRER ™" 0072 The
f eedst ock, niiktueseah@sdddi nent, contai ns one or nore dlluent(s) typically

used to reduce the concentration of the f eedst ock agd ar e generally non-
reactive t O0Q7HE f cBiesRToeses &r conyestingt feedgpck, ernecialy adseslsiork onspingig ent s

I ncl ude 20,heb tide gg@ﬂhftesnln th¢ %Qenc@%??@!ﬁal )Ehéjr?xverﬁﬁffnbﬁ'la{i’ie‘a)s'ugﬁn water,

essentially non- reactive paraffins (especially al kanes sSuch as nethane,
et hane, and rgactipape)cess msaseewtqraWhgre rdm"prows:tsiavfeiedrb@dnmocssc@ﬂpmimds and
nixt res t eof . The ref rred di d,.ni W th
wnt o bei nehaReRs IER brusPurdisd Srodtr rembRis siinpousiiiiured P Tc e

either in @rdde@Ubfl AbstHr¥RRBY a EHtiflio® high eeﬁo&@r}mlaﬁaédm &b&%@of The
diluent is either added directly to a feedstock enterlgS into a reactor or

added dir ed@Q7%?] i nt bherepesmntpspcessss camllel place i avaristeefiatalytis reacsorg pell yst
conposi ti 0 hybrlfregctggqgglhnggg densQ%e@gPH)?ed b% rgict 8 %nes Qﬁll(tl/gpfafsf3 edstock iIs

in the
fluidised bed reaction zones coupled together, circulating fluidised bed reactors, riser

15 reactors, and the like. Suitable conventional reactor types are described in for
example U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing
Company, New York, New York 1977, which are all herein fully incorporated by
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. Zenz and 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 Serial No.
09/564,613 filed May 4, 2000 (multiple riser reactor), which are all herein fully

25 incorporated by reference.

[0077] In the preferred embodiment, a fluidised bed process or high velocity
fluidised bed process includes a reactor system, a regeneration system and a recovery

system.



range of fromabout 1 to about 99 nole percent based on the total nunber of
nol es of the feedstock and diluent, preferably fromabout 1 to 80 nole
percent, wores/00W@103/ 000411 PCT/ US02/ 13489 25 preferably fcamsaboissd5 to
about 50, nost preferably fromabout 5 to about 25. In one enbodi nent,

ot her hydrocarbons are added to a feedstock either directly or indirectly,
and include olefin(s), paraffin(s), ar%rati c(s) (see for exanple U S
Patent No. 4,677,242, addition of aroffati cs) or m xtures thereof,
preferably propyl ene, 5 butylene, pentylene, and other hydrocarbons having
4 or nore carbon atons, or mxtures thereof [00741 The process for
converting [@Wéedsl‘hﬁ:ﬂcactew@t@nmrb@er @l lé@dh{ld)bw r@mtolaﬂymenghavm&a orst nor e
oxygenat es ﬁ sence of a A ven i ed out
e eactrastion P BLERR AREornafy G Rpsidlepq 2 el sEbo8 Band P e
process, ajdakiifdi @@@lgég)n%wé&sar PRIy b&ﬁ}bﬂbﬂ@o@ drinidrepdlbndaeth pROC eSS)

preferably a continuous fluidised bed rocess, and nost preferably a
cont i nuous embghimeat, ks ene qrmmrgrlg%rdem(sga%@wgagmgwsaseim@on@a@ fli on

ProCeSSEs GAaR; gls(l(i?igi%l cor'v’a 3| lﬁre%feéegd ggcgé@rte?ér%tl Eor{tfﬁﬁl:g% %o?ﬁ‘l?)? as hybrid

reactors tha r£1ave a dense %ed or fixe reac I'on zores and/or fast
fluidised begyenamstdptionabneish ool eeretddgertt{spris fedito chel ateiongndre tisedi sed bed
reactors, riser 15 reactors, and F(he | i ke. Suitabl e conventi onal reactor
types are %qubé’dwhlﬁhﬁéﬁtaiyé&%ﬁ?ﬁ ¢d ygrsion phereofiis ingoduced 7 angs U S Pat ent

6, 287, = idr and O
Levens pi eI él%é gﬂ% éﬁé ?(aﬁ%sgtg?@&ed V:ef;%(?fntg%bﬁﬁ}ggﬁgétg&%ﬁlqglrwg ONr}egv%/E]\;gr k 1977,

whi ch are abinbinetien thefeok,|pyior trclpigpintrodabed yo thleefserrlemg(S)zprefembTﬁmeThe
preferred r.eact.or er reactors generally described in Riser
Reacor o Fiidigis el mRibendl, F 5 B e b g SPERE o 888hs T o 50, F A zenz
and D. F. @5 , Fﬁldﬂ%&%dﬁ’ﬁéﬂtltﬁ@mﬁgur@@m@ﬂﬁfeb&yﬁockmavsefmfely &Pfftlyand U. S.
Pat ent No. 66, 282 éfast fluidi sed bed reactor) U. S. Patent

Appl i cat i oWl@e& yapounNisedstal/ Heuresder fysteads ihiicsange@mbromm I t\'fegﬂhé pericey
reactor), Y\'hab ht 85 %ve%ht pgi%én%' ;g}eif'ei‘hb )y o a‘o&ftolr\gg %ﬁ‘ttp%gcegho ML Ace.

weight percent, more preferably from about 5 weight percent to about 65 weight

15 percent based on the total weight of the feedstock including any diluent contained
therein. The liquid and vapour feedstocks are preferably the same composition, or
contain varying proportions of the same or different feedstock with the same or
different diluent.
[0080] The feedstock entering the reactor system is 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 vessel are designed to 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 disengaging 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.
[0081] In one embodiment of the disengaging system, the disengaging system

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



[00771 In the preferred enbodi ment, a fluidised bed process or high
velocity fluidised bed process includes a reactor system a regeneration
syst em anwoaismewsiavery system WO 03/000411 PCT/ US02/ 1348PCTAG0p/0X38] The
reactor systempreferably is a fluid bed reactor system having a first
reaction zone within one or nore riser reactor(s) and a second reaction
zone within at | east one di sengagi ng %ssel , preferably conprising one or
nore cyclones. In one enbodinent, the“one or nore riser reactor(s) and

di sengagi ng vessel is contained 5 within a single reactor vessel. Fresh

f eedst ock, preferably containing one or nore oxygenates, optionally with
one or nor etrghipingsaoné.sin the strippthgtzone the coked eatalysd isecomtasted witlemgasor (s) in
whi ch a catal.yst, or coked yersion.thereof, is introduced. lLn one

enbodi ment PrEaP s §Eop FRliLt VR AR PR G e Bred wi h a
liquid or @GRmoxie, hydedddnN@tdndhert BRrsRel as g préferablyistani, i feaguged to the
riser reactor(s), preferably the 10 liquid is water or nethanol, and the
gas i s an ifwrbedfsiracgetong on) the 6glead. capaboy tipt is thenqnsedisad tethe, t he anmount
of fresh f : e J.Qj Vet s WM: dstock, to a
r eactsgr syg([%ceéﬁ%r?‘{sig? %ﬁgﬁ@ ?lgc{r?gte}%lc')¥mp é%}r%%p%le\fgll%aﬁ%g] ZpOZLF \ésgi?\l% usreP %rggbout 85
wei ght per eesstl frppneliediadgigihg onssabadithd gases ginsepatracgasthotudy alpetficial5  wei ght

percent, nore preferably_ from gbout 5 ight, percent to about 65 weight 15
per cent baé’é‘&c%_?(t}HéVEB{%?mvHFgﬁ? a?ﬂ”t?ﬁ@bggélo@ts?fi‘knf é’PU’&i‘fh%géﬂ%’ di | uent
contai ned vBﬂ%e%FbokJ&‘@atél}rﬁHbr@feﬂb@y YR aleBeeRp AR 36h 286@ frAbLY the

sane conposition, or contaln varyling proportions of the sane or different
f eedst ock WP, phefesblydram abalitBHeHatet 650F € uevet the[coR8DJatatyst. f eedst ock

e ™9, T s AP B LA ORYE B o e
di sengagi N@pecyR&§ witi® e rédcidt sste@Kigdn trad e frohNatione2@u-ef 16 abest
enbodi ment,  cyclone(s) within the di senga%i g‘g vess%f rar e fdesiagned to
separat e t HBOEA: arsfermbly st abamPy0%4 teskedt 808 angrspreferebiy frae AR eous
Oyl ones afs” gt BrERET0 ¥ yEURSrScl Bl ot bl Job e AoprEsRe, Ja zone
even more preferably from about 350°C to about 600°C most preferably from about
15 350°C to about 550°C.
[0083] The conversion pressure employed in the conversion process, specifically
within the reactor system, varies over a wide range including autogenous pressure.
The conversion pressure is based on the partial pressure of the feedstock exclusive of
any diluent 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 5 kPaa to
about 1 MPaa, and most preferably from about 20 kPaa to about 500 kPaa.
[0084] The weight hourly space velocity (WHSV), particularly in 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 sieve in
the catalyst in the reaction zone. The WHSV is maintained at a level sufficient to
keep the catalyst composition in a fluidised state within a reactor.

[0085] Typically, the WHSV ranges from about 1 hr ' to about 5000 hr
preferably from about 2 hr’! to about 3000 hr!, more preferably from about 5 hr™' to



25 di sengagi ng vessel will also separate the catal yst conpositions fromthe
gaseous effluent. Ot her nethods for separating the catal yst conpositions
fromthe wavsnusi1 ef f| uent i nclude the use of plates, capecTaisonwsgs and t he
i ke. [0081] In one enbodi nent of the di sengagi ng system the di sengagi ng
system includes a disengaging vessel; typically a |ower portion of the

di sengagi ng vessel is a WO 03/000411 PCI/US02/ 13489 27 stripping zone. In
the stripping zone the coked catal yst 'S contacted with a gas, preferably
one or a conbination of steam nethane, carbon dioxide, carbon nonoxide,
hydrogen, or an inert gas such as argon, pref erably st eam to recover

adsor bed hytdomicle'af)bhné ahd owst prefecabkefformababtyl$thrt hasbaus 1000en™'i it omduced t o

the 5 regenerati em her odi_nent, one is in
a separatePrl Eré‘é‘g?mg‘}/‘@ﬁrﬁrﬂth@e&y @Sﬁéag{eﬁﬁ%gﬁ W&efjf)ﬁgfy&g%%g‘gé@sed at a
gas hourly .sppesibh 6f @feedé‘f@éko&inﬁa)(mﬁ%mané’lf anfdrd?f%tiiglf'éthert@lr?thé’% ¢€Br 000 hf1l
based on the volune of gas to voI une of coked catalyst, preferably at an

el evat ed tefmealailm%hfrt@mmmoﬂm about 750C, preferably from about 350C

el dysd | 008 cotberpe iR fiabidedt) GRRACHEIERAK et Pl BEREREL . ©

system is rea@ubﬂgrddaatgevlmin fhe e&hced Oykten? QOfrefetabiP QifficieAd0 Quidigyé er abl y from
about 250C to about 800C, nore preferably from about 250C to about 750 C,

yet nore praRbshpithinagistionsone mobereagionbbhe SEE0E theprpcessnapiGwTly
f er abl t 15
B50C 1 o abdulTEEBReHIr3adtm: oratc b AR ndH Gl REBRI 1 R TBREY

conver si on nEtaqes secosqben/lséa)pm’efeyablw\grtehmmhiah@ Srmtaect arore psferably gedatee s over a

wi de, range i nc] udi ng aut enous essur conver si on ssyre i s based
on tHe par GH| PSSP Te PRt e SR SE B AT 525 V8 SGPR MRH PATAhL t her oi n

Typically fg?@até%@lﬁﬁﬁef 1%'/3@8 alﬂH%?o%Hﬁr%fe%B?ir gbéﬁfir tHan UNE/s &, AR SSr dxamplt BQ T he
range of from about O. Paa t o about preferably from about 5 kPaa

to about PawﬁaépplamionSsmalﬁ‘iceﬂ@/ﬁéﬁ)ﬂﬁ ﬁtedr?ﬂmmbr 8@0RPashich isdizerit 500 kPaa.
][ g(r)841 The. %'rgorated %éfgrersl ace velocity (WHSV), particularly in a process
[0087] In one preferred embodiment of the process for converting an oxygenate
15 to olefin(s) using a silicoaluminophosphate 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.S. Patent No. 5,952,538, which is herein fully incorporated by reference.
[0088] In another embodiment of the processes for converting an oxygenate such
20 as methanol to one or more olefin(s) using a catalyst, the WHSV is from 0.01 hr' to
about 100 hr'l, at a temperature of from about 350°C to 550°C, and silica to Me,O3
(Me is a Group IIIA or VIII element from the Periodic Table of Elements) molar ratio
of from 300 to 2500. See for example EP-0 642 485 B1, which is herein fully
incorporated by reference.
25 [0089] Other processes for converting an oxygenate such as methanol to one or
more olefin(s) using a catalyst are described in PCT WO 01/23500 published April 5,

2001 (propane reduction at an average catalyst feedstock exposure of at least 1.0),

which 1s herein incorporated by reference.



converting a feedstock containing one or nore oxygenates in the presence of
a catalyst within a reaction zone, is defined as the total weight of the
f eedst ockwdIseaiudi ng any diluents to the reacti on zone PET/USOUI34RET

wei ght of nolecular sieve in the catalyst in the reaction zone. The WHSV
is maintained at a level sufficient to keep the catalyst conposition in a
fluidised state wwthin a reactor. [0085% Typically, the WHSV ranges from
about 1 hr "1 to about 5000 hr preferably fromabout 2 hr' to about 3000
hr 1, nore preferably fromabout 5 hr"1 to WO 03/000411 PCT/US02/ 13489 28
about 1500 hr"', and nost preferably fromabout 10 hr- ' to about 1000
hr-1. In obR090br ef Ehe enked nitalyistie mithdiama fisthe diseggagingvesstlapref@atily - ' ;
preferably. the V\IHI%V“,]c Al 1onSS verqs)i on ofe a, eerdstocaﬁ congai nh{l?g met hanol and
di net hyl  ePHEPEPETOR Pl nedy 8 S tofyeshia BEIrEDE P syttt 300 hr'. 5

[ 0086] The repenerafibisyatend a6mpieded @ irddenérSoYIvhefe thé EoledBRIyRE Korh pushtiei ing

di luent and reaction products within the reactor systemis preferably
suf fi ci ent cemagtedwih ageganeration medipan, pigfenaply agas saeteindng @oigen.iundethe react or .

The 3GV in E:ﬁ‘e?alprhg&l% Sion RBAJiti G &&%&( e X\%;}e[‘}n%s&l?g r{aer%?ihgr[c $¥pd em more
particul arlgy wthrn the riser reac 0[12(5 ,Is a feas et er per second
(m sec), pfleoajablMomgHiertisg extanghes®f thenegeeration meedpume ireiadel one gr amkeof 10 t han

| m sec, even nore efe I reater than.. sec, .yet even nore
pref er abl yoxwe@a%rso%ghbg{‘)@ Nk, ﬁe@dém& dlﬁfg BHBBitpsgR ea¢8boR han 4 nt sec.
See for exgmif B&y\?ﬁ?n aﬁétﬁfb}r} (Mbht‘éﬁttN@%,ﬁ%,r”/'O@b cNPon AHnbQRe 4rF/of 1 | ed

Novenber 8, 2000, ich is herein incorporated by reference. 100871 In one
preferred bpirodemehhe regererasiopreondiiensfase thoos vapabiernd barninggoke fminethe15 t o

ol efj.n(s) usi si LI coal. um noph hat e catal yst,.the process is, operated
at a0 sy eRredtat B spagioh, PR AR T PO g o e e ee R har L o

Met hane  Segh eled toval igight GNMBXokdd da&%ﬁst titafinth@ HpendagbLsakny TRssokean or
equal to 0.01. See for exanple U S. Patent No. .5,952,53 8, whichis

her ei n f ul F3talyscwithdipwn é@_ﬂbsbemeeéréﬁ@é formsagegr@erated @fddysher enbodi nent of
mor e ol of | RGP usi FF Bkl i PRARITG B AR SRR RLLAREG b Bosle o
1500°C, preferably from about 300°C to about 1000°C, more preferably from about
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 kPaa), preferably from about 20 psia (138 kPaa) to about 250 psia (1724
kPaa), more preferably from about 25 psia (172kPaa) to about 150 psia (1034 kPaa),
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 to
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 example with the coked catalyst composition. Also, in

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



about 100 hr 1, at a tenperature of from about 350C to 550C, and silica to
Me203 (Me is a Goup IITA or VIII elenment fromthe Periodic Table of

El ement s)womBaeo4nati o of from 300 to 2500. See for exanplPeTERD1B4Y 485 B
1, which is herein fully incorporated by reference. 25 [00891 O her
processes for converting an oxygenate such as nmethanol to one or - nore

ol efin(s) using a catal yst are descri bgg in PCT WO 01/ 23500 published April
5, 2001 (propane reduction at an average catal yst feedstock exposure of at
| east 1.0), which is herein incorporated by reference. WO 03/000411

PCT/ US02/ 13489 29 [00901 The coked catalyst is withdrawn fromthe

di sengagi ngegessetdn medefreofaidygen ind water asrdepmrbed ¢y Ul D PateaisNo. @24P,70%, r oduced

to the regenerat.i on.s%item Thet e? eration system conprises a
r egener at or* HEF &t 51&%‘6’“&‘5?5?3[}% SN Position is contacted with a

regeneration nmedium preferably a gas containing oxygen, under 5 general
regeneration conditions of tenperature, pressure and residence tinme. [00911

Non- | i mi t i A@09kanpinexs estbodinaenteapartipmed th cokedicatmlishfrpidhe meenesttontsr e of
R | e ot > oee
onrban o estiie abecty e Ofor ol prprelan e GRS M B BbuLARCT N

gonoxi de ardthothe fdedstoclgencontheingegehnfedshichalyst ondoritacding véthea teposeatedipabl e of
urning coke fromthe 10 coked catal yst c osition, preferably to a | evel
| ess than G?@l%?rgarﬁooﬂfé‘rfé%ﬁﬁlﬁfaﬁ%ls‘@%ﬁly%Heﬁcﬁggg)'b‘tl%‘l‘” wei ght of the coked

catal yst entering the regeneration system The coked catalyst w thdrawn
fromthe regenerator forns a regenerated catal yst. [00921 The regeneration
t enper at ur ¢009%]i n Tieburamgef odkefis amexdsherni@GAGidng ambmuan enfeddC;ntphef er abl y
fro Oabout 300C to abaut, 1000C, nore g{hef erngbgéiér om ab uCEF .15 ASﬁC to
about? 750CEMARRIAHESY NP e ERHICALIOP SYTHB At roEBged by VaE lecpidurL BdA®r at i on
pressure i $rtificlhdifg FRAME adoofdday &P tegbRerBfl fessdi0SpdsRadbithe? idPOkch 500

psia (3448 kPaa), preferably from about 20 psia %138 kPaa) to about 250

psi a (1724 contPagys, omserei-ganéinueusngds; ponraminetionsherspla A prfiregda) to about
150 psia ( %&:ﬁﬁlﬁﬁgﬁ%ygg )@\H&d%ﬁﬁg ﬁlre%g?ern%%{e\é cfa{a%m ﬁ‘gt%%e %%e&e%ht?on(s%fggan}( Paa) to

about 60 psia
and passing the regenerated catalyst through a catalyst cooler that forms a cooled
15 regenerated catalyst. The catalyst cooler, in an embodiment, is a heat exchanger that

is located either internal or external to the regeneration system.

[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
returned to the regenerator vessel in a continuous cycle, and another portion of the
cooled molecular sieve regenerated catalyst is 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, |-
propnaol, 1-butanol or mixture thereof, is introduced to the reactor system, as
described in U.S. Patent Application Serial No. 09/785,122 filed February 16, 2001,

which is herein fully incorporated by reference.



20 [ 00931 The preferred residence tine of the catalyst in the regenerator
isin the range of fromabout one mnute to several hours, nost preferably
about onewpionwoito 100 minutes, and the preferred vol unecefusoxyyen in the
gas is in the range of from about 0.01 nole percent to about 5 nole
percent based on the total volune of the gas. 25 [00941 In one enbodi nent,
regeneration pronoters, typically neta 1containing conpounds such as

pl ati num palladiumand the |like, are added to the regenerator directly,

or indirectly, for exanple with the coked catal yst conposition. Also, in
anot her enbodi nent, a fresh catalyst is added to the regenerator containing
a WO 03/000411 PCT/ US02/ 13489 30 regeneration nedi um of oxygen and wat er

as describ ion U S Patent .No. 6,245 703, .which is herein fyllLy

i ncor por at E®%$ r e@@%ﬁ’g .OQT %Qgiraq"hg %ﬂegg?%?)tb‘?w A afe b‘b?hﬁl%Sr‘ng'% 'gt he coked
catal yst fparht K6 & SHLIRT @b&follisy mAishRENHARM ifhéemttlily tRofporut@ney or nore
riser reactor(s), or indirectly, by pre-contacting wth the feedstock, or

cont act i ngrefetencd.r esh catal yst, or contacting with a regenerated catal yst
or ascooled regener ated catal yst descri bed bel ow. [00961 The burni ng of
coke”is an exothermc reaction, and in an enbodi nent, the 10 tenperature
W t hi n t he [0(9¢nerBid @perkystdeatilgst cathidrawd feoimblye tegénepatontsgsibmi ques in the
art including feeding a cooled gas. to the regenerator vessel, operated
either in & %P@Elﬁ,fmnég’ﬁtqaﬁib@ﬁ%‘,’oqﬁr15§8Pﬁtbl‘l?éﬂflﬁkﬂ1§ st agf/order onbi nat i on

thereof . AcH&ﬁEtﬁH '&?cglarg%lamr%@lséoeyQﬁdfgxsfré%tgragf)@ﬂ\é}ﬂ@s, LherhGHa@ L ed

catalyst fromthe regenerati on system and  passing the regenerated catal yst
t hrough a ciatrakysor()odd anothdnambbddinrest, shewmgéredatddbcatdge ivathalrorh famahy st . The
catal yst cooler, .in an enbodi nent, is a heat .exch n%Fr that . is |ocated

ei t B i nt EFFAPrAEON $RtaY hFumsditg ther Qﬁbﬁé?té{’i(?)cfﬁregﬁ%t ¢ raF@cfétﬁp?Sﬁmgne
embodi nent ¢,bikeh £0R4IGE OBRE B dHe@FhbEAtnAnY, S calrfer! @thbNAfinkA ghfle regenerat or
in a continuous cycle, alternatively, (see U S. Patent pl'i cation Seri al

20 No. 09/ §8dstpelevinduadteromer the likgesani-epntiopeustogfontingous o fastitateyyger at ed
catalyst is returne%

anot her  port G AR G LB SR B e GG BnC PR R B % ™
returned tendr@@sdriréfRror(spactor(s), directly
15
[0100] By controlling the flow of the regenerated catalyst or cooled
regenerated catalyst from the regeneration system to the reactor system, the optimum
level of coke on the catalyst entering the reactor is maintained. 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



or indirectly, or a portion of the regenerated catal yst or cool ed
regenerated catalyst is contacted with by-products within the gaseous
ef f| uent WB@3/0W@100/ 49106 published 25 August 24, 2000), waralsozizsal l
herein fully incorporated by reference. In another enbodinent, a
regenerated catal yst contacted wth an al cohol, preferably ethanol, 1-
propnaol, 1-butanol or mxture thereofs,is introduced to the reactor
system as described in U S. Patent Application Serial No. 09/785, 122
filed February 16, 2001, which is herein fully incorporated by reference.
WO 03/000411 PCT/US02/13489 31 [00981 Qther nethods for operati n% a
regener at i ¢matwys 2 evaight geicantdiasesd asstba tatplsyeighpaf gretmoleculd, k0@, a@d @ot the
(control li rt]cﬁ lm)éiséturfga Cag/qi (%h is herein fully incorporated by reference. 5
[ 0099] The %g\én% at cf!c t A yst withdrawn fromthe regenerati on system
preferably fromthe catalyst cooler, is conbined with a fresh catal yst
and/or re- circul ated catal yst and/ or feedstock and/or fresh gas or

liqui ds, ah@lO0ét ur nedn pre preterred eadpdiment thy pixyure of frgsioeatadystapdodi nent, the

t ! ' t d
pegsaer e gg%%ﬁ&alma?g)s{ 138 ofeti P83 tea(&lagaggf&ﬁﬁahg BheVREEPT hidmr et Ur ne

reactor Irectly, prererab ter passing ough a
cat al yst cabbwrl.tol50 veanght @riventi prefirably froar abioet 2 tosifcweight @encenhendre gas,
f eedst ock va oug, team or, the IiztSe, .gﬁﬁm' -conti nu(t&)sgsl of | ont i nuogsl Y,
facilitat eSTHHAO! AN ARAWE it A 20 prisight RERGemtadnd ok PLATerably iepm pROU aact or
system pref ssRPhY chi drRarRASeBls d&PRER bided Bh tHetBfl Welght ofithe AR oBY
controlling the flow of the regenerat ed catal yst or cooled regenerated

cat al yst f catalystie SeefpsarmpliedhSsRatens o 6,025,809, eddelois hetein By t he opti num

Ievello of coke on t%@gyc%r%hgst entering the reactor is nmaintained. There are

many techﬁr?c&ﬂpeosfa CORCror | | ng the flow of a catal yst described in

M chael Louge, 20 Experinental Techni ques, G rcul ating Flui di sed Beds,

Grace, Avidan and Knowl ton, eds. Blackie, 1997 (336-337), which is herein
i ncor por at 103y r ef ef@g@aseous effluent is withdrawn from the disengaging system and is

passed through a recovery system. There are many well-known recovery systems,
techniques and sequences that are useful in separating olefin(s) and purifying

15 olefin(s) from the gaseous effluent. Recovery systems generally comprise one or

| more or a combination of a various separation, fractionation and/or distillation

towers, columns, splitters, or trains, reaction systems such as ethylbenzene
manufacture (U.S. Patent No. 5,476,978) 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 various 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.



[ 01011 Coke levels on the catal yst are nmeasured by wi thdrawing fromthe
conversion process the catalyst at a point in the process and determ ning
its carbowo 02bomont ent. Typical |evels of coke on the cat &Cyatsp2/af48er
regeneration is in the range of fromO0.01 wei ght percent to about 15 wei ght
percent, preferably fromabout 0.1 weight percent to about 10 wei ght
percent, nore preferably from about O. 3,wei ght percent to about 5 wei ght
percent, and nost preferably from about~0.3 wei ght percent WO 03/000411
PCT/ US02/ 13489 32 to about 2 wei ght percent based on the total weight of
the nol ecul ar sieve and not the total weight of the catalyst. [01021 In
one pref er [@5¢nbodi Mt invértienwii bhabettafunfierstohd eathakfesicatodth® r egener at ed

catal yst and/or. cool ed regenerated al.yst contagins .in.the range,of from
2bout 1 t o 1eHSVHBE SR HET CRT ToIBAAER S R B iR S Hm Y HERGHDS per cent
nore pref guahl ¥cdgedtadiayént@dntad cRRRed. 20 wei ght percent, and nost

preferably fromabout 2 to about 10 coke or carbonaceous deposit based on
t he total Wﬂ%? pf the mxture of catalysts. See for exanple U S. Patent

No. 6, 023, ; th is herein fully 10 incorporated by reference. [01031
The daseoud06] | uent SIAP G4 hdemwtar freven SOMeb ydvsighty alyinngurs ghlogmdarid i s
passed thr a recove system .. There, g many . wel | -.kn regovery
Cyotens. | d0enh yHES: A Ve srou P By HRmAn e AR ERRGT ot i n(s)
and purifyigerls pRldatd Néisdry WitBpbRR ARSI, BY HeldBniolidReTRY Sy SH§t €NB
general ly conprise one or nore or_a conbination of a various Separation,
fracti onat ifeshingmaspsey diiesttp foran spery drieghgatadyst.c Bhespray, drigdl datal st was or trai ns,
reaction s e t-Hr e t:

5. 476, 078) AIHEPR KRS TR0 5L P RROAE R LRULAE Hichn Pt A o and
est ero manukpat deied calalSst Wat BR00Npmb, BSGALIhdeasfthotiieslcided assigst at ed

equi pnent for exanple various condensers, heat exchangers, refrigeration
systenms or WA i qater thanm. conpressors, knock-out druns or pots, punps, and
the like. 101041 The netal |l oal um nophosphat e nol ecul ar sieve materials and
catal yst doappdestd-dns of the present invention may be used in the

manuf acture of al kyl am nes,
[0107] Spray dried catalyst of Example 1 was heated in a nitrogen stream at

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 chlorine 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 chlorine content of each catalyst.

Examples 8.
[0109] Spray dried catalyst of Example 1 was heated in a 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.



25 using amoni a. Exanpl es of suitable processes are as described in

publ i shed European Patent Application EP 0 993 867 Al, and in U S. Patent
No. 6, 158p03@@4ip Hidaka et.al, which are herein fully ipaxarsopizsed by
reference. WO 03/000411 PCT/ US02/13489 33 [01051 This invention will be
better understood with reference to the follow ng exanples, which are
intended to illustrate specific enbodigents within the overall scope of
the invention as clained. Exanple 1. 5701061 SAPO 34 nol ecul ar sieve, 50%
by wei ght, alum num chl orhydrol, 10% by wei ght, and UF grade kaolin clay,
40% by weight, was mxed with sufficient water to produce a slurry with
appr oxi nat dxamjdes Byl.wei ght solids. The slurry was fed into a spray drier

to f ied catal yst.. Th dri t.al yst. I d by XRF
(% ray Fr odTsEence) TEpaudy gl SR xhbbR 57 Rl Aatr R REAR o Lo oy
dried cat alyghpsreurdsoffsid°0Pssy C e 706bC Fadmy hehr folswbdb ¢ Ak4inB s agat al yst

was greater than 50. Exanples 2-4. [01071 Spray dried catal yst of Exanple 1
was heat edat G0BCnbi¢°6gpand 3A0°Efor arte houe npepectivetye STefhe6 0@ edcalsesnd 700C f or

one hour. The heat treate talyst .15 was then anal yzed by XRE to

deterni ne vfice BepdrvEn teckh i SHIEs fRanOuRTEHE HIOURL BNt . Tabl o
| 1ists the, E&HIAMR)st CIE | Nfs BRYeEBhal RhloBRE Borftéitdr ¥adh calX@RPI €s 5- 7.

[ 01081 Spray dried catal yst of Exanple 1 was heated in a nitrogen stream at
tenperatures of 600C, 650C and 700C for nine hours. The heat treated

catalysts 20 were then analyzed by >1<I§$lto determ ne the anmount of residual
chlorine remaining in each catal yst. §bll’e 1 lists the residual chlorine

content of ¢@FXAMPRING.YSTemperaURY, €6 [BSwhképIERP limep | agwedp @@ tiare, gl hlorke,
Exanple 1 was heated iin a nitrogen |st ream at tanper awsr es of 650%“}‘ or] five
hours foll owed by heatling in air at| 650C™"or twg pp

1 n/a n/a n/a 33,800

2 600 N2/1 N/A 620

3 650 N2/1 N/A 520

4 700 N2/1 N/A 430

5 600 N2/9 N/A 440

6 650 N2/9 N/A 430

7 700 N2/9 N/A 350

8 650 N2/5 air/2 390

9 600 N2/1 air/1 510

10 650 N2/1 air/1 470

11 700 N2/1 air/1 430

10 Example 12.
[0111] 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

catalyst contained 1090 ppm chlorine (see Table 2).

Example 13.



25 hours. The heat treated catal yst was then anal yzed by XRF to determ ne
the anobunt of residual chlorine remaining in the catalyst. The chlorine
cont ent oWotlheowat al yst was 390 ppm by wei ght. WO 03/ 0002CT/IRCTA34992/ 13489
34 Exanples 9-11. [01101 The spray dried catal yst of Exanple 1 was heated
in a nitrogen stream at tenperatures of 600C, 650C and 700C for one hour
foll owed by heating in air at 600C, 6330 and 700C for one hour,
respectively. The heat treated catalys 5 were then anal yzed by XRF to
determ ne the anmpbunt of residual chlorine remaining in each catalyst.
Table 1 lists the residual chlorine content of each catal yst. Table 1.
Exanpl e No.[0Mejper at Uihe sp@y Swee patglyst wasrheatePac€fD°Gas airifore] 20Chinates me, hrs
hrs ppmw 1 n/a n/a n/a 33,6800 2 60 2/ 1 NNA 620 3 650 N2/1 N A 520 4
700 N2/ 1 Nﬁaaoasrowr%alewlwﬁgnwﬂe%&eﬁlyg*ee% m?ﬂgﬁw%e@ ec;icmeé N2/ 9 N A
350 8 650 RIS AlikdieBPO pith BAGINREAY Meid AL PR vk 168G bl /1 470 11
700 N2/1 air/1I 430 10 Exanple 12. '[01111 The spray dried catalyst was
heat ed at C | ir for 120 mnutes in an open container placed in an
el ectrical Efy%gﬁmég{gg muffl e furnace. The cal cined catalyst contained 1090
ppm chl ori pe113¢$ee Taldlhe sphay dried catalyst was heated at 700°C in air for 120 minutes in

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

catalyst contained 350 ppm chlorine (see Table 2).

Example 13.
[0114] The spray dried catalyst was heated at 600°C in air for 120 minutes in

10 an open container placed in an electrically heated muffle furnace. The calcined
catalyst, 12 g, was placed in a 3/4” OD stainless steel, packed bed tubular reactor that
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 chlorine 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 heating in air and heating in steam.
The chlorine 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.



Exanpl e 13. WO 03/000411 PCT/US02/ 13489 35 [01121 The spray dried catal yst
was heated at 650C in air for 120 mnutes in an open container placed in
an el ect rwoaBlogosheat ed nuffl e furnace. The cal ci ned cat alpggtuSozmi4ad ned 730
ppm chl orine, and the GAL Index was 1.85 (see Table 2). Exanple 14. 5
101131 The spray dried catal yst was heated at 700C in air for 120 m nutes
in an open container placed in an eleﬁﬁrically heated nmuffl e furnace. .The
calcined catalyst contained 350 ppmchlorine (see Table 2). Exanple 15.
[0114 The spray dried catalyst was heated at 600C in air for 120 mnutes in
10 an open container placed in an electrically heated nuffle furnace. The
cal cined dex1&lyst, I}ﬁegammmpcha@;éﬁmi&xaalpmszt@ Ve usedexvepisthatgheel , packed
bed tubular a t. trjica ed. /[ m st eam
D £ UDul ot ROPLAT Bl o SRS 2 S AR oM e SF o
was heat ed wal sbO@pmr(ssenbee Df steamfor 120 minutes. The chlorine content
of the treated catal yst was 250 ppm (see Table 2). 15 Exanple 16. 101151
The sane pmgﬁgﬂﬂgguas in Exanpl e 15 was used except that the tenperature
was mnai nt ai ne 50C for both the heating in air and heating in steam
The &hlori rh(élléd)ntent The sanepiocednre ds wdixamples Maas1ued pisapt thefdhe he GAL | ndex
was 1.48 T

Bearpi o 15 0a0 e el in iR Ao uck{ AL R APERRLARES LEELS 000 ¢ o
both t he h@\&'SIZElgppﬂﬁ(&ierTa’b[HjZ)heatl ng in steam The chlorine content of the
treated catal yst was 30 ppm (see Table 2). Exanple 18. 25 [01171 The sane
procedure Fxahipiaopd.es 12 was used except that the catalyst was heated

in air for 240 mnutes. The chlorine content of the treated catal yst
[0120] The same procedure as in Examples 15 were used except the times and

10 temperatures of heating in air and the times and temperatures of heating in steam as

indicated in 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 atm 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.
[0122] 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

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



was 830 ppm (see Table 2). Exanple 19. WO 03/000411 PCT/ US02/ 13489 36
[01181 The sane procedure as in Exanples 13 was used except that the

catal yst waesskheaired in air for 240 m nutes. The chl ori ne ®omtusnt/13a89 t he
treated catalyst was 590 ppm (see Table 2). Exanple 20. 5- [01191 The sane
procedure as in Exanples 14 was used except that the catalyst was heated
inair for 240 mnutes. The chlorine cgpt ent of the treated catal yst was
290 ppm (see Table 2). Exanpl es 21-26. F01201 The sane procedure as in
Exanpl es 15 were used except the tines and 10 tenperatures of heating in
air and the tinmes and tenperatures of heating in steamas indicated in
Tabl e 2. E0Q0l.&597C afid 100 C, Fiveltsiprthe futhemddecdioaliy shlovas cangent 683, 600C i n

ir for 12Q m i . i | aced i trical Ly heated
Tt 6t ur naler SXhaPE et HuEY AT Syt onth R it Pradfiional SBpsids o ni ess
steel , packed RRdd BgQ‘db@ﬁlirfg%@ﬁé%ea%iﬂ%ﬁm‘éﬁ?ﬁr 8lagfié nealdgyat BSGicesrifipout 1

g/mn of steamat about 1 atmwas fed to the reactor rmaintained at a
t enper at ur ¢heoffirs6 0BCninhkes reditces thstchlvaige hertersdn the datedyspby slent @8%f 1.e.st eam f or

and the. oAt masiotaEn 39 535 e Rrafiasongsi i iR atilerd 1551 The  same
procedur e asmiRinEcAMRING cdrftedtesy dhSRIAitRMEER liRE froh TS W 0 fm heating in
air and the steamtreatnent was 650C. The chlorine content of the treated
cat al yst wd@1240 ppmwHegtng irhar &a ] 20maiantepdel lowegby besing abkhe presence gf
steam for 120 minutes at temperatures of 600°C, 650°C, and 700°C reduces the
chlorine content to 250, 140 and 30 ppm, respectively. Increasing the time the
10 catalyst is heated 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 Examples 21-23, respectively.
[0125] Examples 24-26 indicate that increasing the time the catalyst is steam
treated at a given temperature (650°C in these examples) following the heat treatment
15 in air for 120 minutes results in a yet greater reduction in chlorine content. The most
dramatic reduction in chlorine content is made during the first 15 minutes of
contacting the heat treated catalyst with steam. For example, comparison of Example
13 with Example 24 suggests that the chlorine content is reduced from 730 ppm to
230 ppm after an additional 15 minute éteam 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 chlorine may be removed from the catalyst following the steam treatment

of the catalyst.



[0123 As sunmarized in Table 2,

cont ent

heating in air for
650C and 700C wi t hout a subsequent steam treat nent
wo 0300@,11 730 or 350 ppm respectively.

120 m nutes at 600C,
reduces the chl orine
| ncr easi ng PCTaISomat48ng ti me

to 240 m nutes at WD 03/000411 PCT/ US02/ 13489 37 600C, 650C and 700C,
results in the further

ppm

reduction in chlorine content to 830,
anmount s of additional

respectively. As indicated only s

is renoved by a doubling of the heatin

during

i.e.

EON nNnn

[ 01241

Hoat i nn

|ng|r'F

time. For exanple,
the first 120 m nutes reduces the chl ori ne content
by about 98%
m nut es reduces t he

nr

590

in the

nl

19%

or 290

chlorine
heati ng at 650C

cat al yst

5 from 33,800 ppmto 730 ppm Heating for a second 120
remai ni ng chl or iTablebnt ent by an addi tional

i.e.

from 730 pp

120 n

tesfol | onwed by

\>4 NI T J .I.é_ T

heating in t g‘ﬁ@@@%ﬁge TempsiGdm 13Me120 nf i e afﬁfgnpe AeRRE [of 600C
650C, and 700C reduces the chlaringirgont eptedn®) 250IndAO angpaRy PHM
respectively| Increasing the time the 10|catal yst| is heated |n ain and
steamto 240| m nutes, respectivelyﬂnhES |tﬂh@ affect on |further |reducing
t he chlorine content onﬁﬁg “"npa Bxanpl-est15=3+ ith
Exampl es 21-2 gspect 12§$ 2¥A24-26 |ﬁ%icatg3§%%t
i ncreasing t1e time the cagg@yst |31§1ea71 tpeat gd at a gl vejpdpenper at ure
(650C in these exanples) following the heat treatinent 15/in air flor 120
mnutes results iMa yetf gpé@ter reﬂﬁbtion i @ chllorih& cont erd? Tre nost
dramati ¢ r edpet+ep—+n—ehl-otine GORt L5 rage—ddrng—-therH5st—35% m nutes
of contacting thel%eat treZP gat a Aﬁth stegm For ex n%F% gompari son
of Exanple [3 W iH EXampl go@d sugggg;s hatjzphe [chl ori ne[ copg@nt |i s
reduced from 730 DDﬁltO 230 ppm after an additignal 15 nut e st eam
treatnent at|650CI6 This ambdt s [to &P 20| addifi onal lc#d or nelﬂ@duction of
about 68% se—as—tndicated Tabl e 2 rgreater—thanr—99%efthe-chl ori ne
may be renoved fromthe c ngyst foF%bmn1g ?H stleam treat neﬁp of, the
catal yst. WO O3/ 009411 PCI&B02ZI|I328W 38 0 330

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

24 650 120 15 230

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
5 (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 scc/min of nitrogen gas was bubbled through a water-containing bubbler to



Table 2 Exanple No. Tenp. C Tinme Tinme GAL Chlorine (air) (steam Index
mn 1 NANANA >50 33800 12 600 120 0 1090 13 650 120 O

Ppmw mn.

1. 85 730 wo43/081120 0 350 15 600 120 120 250 16 650 12@CTaGoX1348 140 17

700 120 120 30 18 600 240 0 830 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 24 650 120 15 230

25 650 120 30 120 26 650 120 60 70 259600 120 240 2.24 150 28 650 120

240 1.62 40 [01261 The attrition propéfties of Exanples 1, 13, 16, 27,

and

28 are listed in Table 2. Attrition properties of catalysts can be defined
by the Goss Attrition Loss 5 (GAL) Index. The snaller the GAL |Index the
nmor e resi sthamidifyothaiNor iThe ovst higrogerepassed thfopgh theTditiGAlcup ankbsxited theasur ed i n

the foll ow

. . t.6.0 0. of ,, SAPO cat al yst added to an
B g s 2 0 L R i GRS T e
of nitrogera@pst paticlbyRbhlgAg FaROME bttdtiodfBhe €N RIpAiTRGshy B kitibe WO
03/ 000411 PCT/ US02/ 13489

10

15

20

25

cup as the catalyst particles are circulated in the attrition cup by the fast flowing
nitrogen gas. The pore size of the thimble determines the size of the fine particles
that are separated from the catalyst. The pore size of the thimble used to measure the

GAL Index was less than about 2 um.

[0127] The nitrogen flow passing through the attrition cup was maintained for
60 minutes. The contents of the attrition cup were transferred to an elutriation cup.
The elutriation cup is designed not to cause further attrition of the catalyst particles,
but to remove any fine particles remaining in the attrition cup so that the fine particles
may be included in the GAL Index. 23,700 écc/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 particles separated by the thimble were
weighed. The amount in grams of fine particles divided by the original amount of

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

wherein B = weight of catalyst in elutriation cup

C = weight of collected fine catalyst particles

[0129] Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide range of
parameters within what is claimed, without departing from the spirit and scope of the

invention.



39 humdify the N2. The wet nitrogen passed through the attrition cup and
exited the attrition apparatus through a porous fiber thinble. This

t hi nbl e swpasav®sithe fine catalyst particles resulting fPcarmsohes4astrition
of the catalyst particles in the attrition cup as the catalyst particles
are circulated in the attrition cup by the fast flowng 5 nitrogen gas. The
pore size of the thinble determ nes the.,size of the fine particles that
are separated fromthe catalyst. The pore size of the thinble used to
measure the GAL Index was | ess than about 2 pm 101271 The nitrogen flow
passi ng through the attrition cup was mai ntained for 10 60 m nutes. The
contents ofCLiAIMSttrition cup were transferred to an elutriation cup. The
elutriation cup is designed not to cause further attrition of the catal yst
particles, but to renove any fine particles remaining in the attrition cup
so that the fine particles my be included in the GAL | ndex. 23,700

scc/ m n of Initr egeethedSf vasoviaskackentffond b gblopfiecaitathingahiabRt ¢aig for 30

m nut es. Addltlonal fine particles were separated 15 by the thinble. The
col | ect i on CERIYF} GRINISIAME Haen-7ealitg “é’éf‘ﬁél]raéﬁ'é&e thplogpr andyg %/rlmi%r, themeetheghi ghed.
The amount ticl nt of
e R T R P L g

C (B+O) x Ifth a0 Cabr 080%€ . wei ght of cat al yst inelutriation cup 20 C =

wei ght of collected fine catalyst particles [01291 Having now fully
described this invention, it will be appreciated by those skilled in the
art that the invention can be perfornmed within a w de range of 25

paramet ers W' thithe Widhod & (iRl MR Hereifthd\Qid1 @@@éawd%afté.gﬁerstnﬁe%rlt and
scope of the invention. VO 03/000411 PCTUS02/ 13489 CLAMG 1. A

met hod of rSGQ‘tﬁ/ior‘@Oﬁ@I ogen from a hal ogen-contai ning catal yst, said

catal yst conprising a non-zeolitic nolecular sieve, halogen and a bi nder,

t he t hod

3. The method of claim 2 wherein the catalyst is heated at a temperature from

550°C to 700°C.

4. The method of any of the preceding claims wherein the catalyst is heated for a
15 period ranging from 0.1 to 5 hours.
5. The method of claim 4 wherein the catalyst is heated for a period ranging

from 0.25 to 4 hours.

20 6. The method of any of the preceding claims wherein the steam-containing

environment contains from 5% to 10% by volume water in the form of steam.

7. The method of any of claims 1 to 5 wherein the steam-containing environment
contains at least 10% by volume water in the form of steam.

25
8. The method of any of the preceding claims wherein the steam-containing
environment further.contains air, nitrogen, helium, flue gas, or any combination

thereof.



5 conprising heating the catalyst in a steamcontaining environment at a
tenperature from 400C to 1000C. 2. The nethod of claim1l wherein the

catal yst weoohpeaded at a tenperature from 500C to 800C. 1@cIustnhessset hod of
claim2 wherein the catalyst is heated at a tenperature from 550C to 700C.
4. The nmethod of any of the preceding clainms wherein the catalyst is heated
for a 15 period ranging fromO0.1 to 5,hours. 5. The nethod of claim4
wherein the catalyst is heated for a period ranging fromO0.25 to 4 hours.
20 6. The nethod of any of the preceding clainms wherein the

steam containing environnent contains from5%to 10% by vol unme water in
the formof steam 7. The nethod of any of clains 1 to 5 wherein the

st eam cont @i ni ng., envi r o nt ont ai ns .| ea 10% er in the
form of sté&am g‘eét.letbl‘ﬁgo et ﬁgﬁleé)f ecéiﬁﬂl/lg%ial%l ﬁg%%rrelencteﬂa?‘%lﬁggr} llaéirzgr;so\?@%er ein the
steam containing environnent further. contains air, nitrogen, helium flue
gas, or any conbination thereof. WO 03/000411 PCT/ US02/13489 41 9. The
net hod of aRy oflhemeethndeefcay of thel pagcedingickaims, wheranmgios gebeatisag #11 ori ne.  10.
The et hod cofRfth redlEoRbiBfiB U080 fhal e niBEGEldhaifink Qhtali8: REBLLAY Lhe S
catal’yst in a’steamcontal ni ng environnent, the hal ogen-contalning catal yst

is heated ihBl@vhDMtoRiealWsman i 4 RAperiturabf fometPPeC & W@ Cf from 400C to
1000C. 11. The nethod of any of the preceding clains, wherein, after
heating the catalyst in a steam containing environnment, the

hal ogen- contai ni %‘gﬁ [ - ' : ' ment at
a tenperat H?'e ofﬂgrng%ﬁ(gio { 8§ ?%8’8%%911‘% QI@H%%{ %gcfm(%* ﬁ%ﬁ@gﬁ&@#gﬁs 10 or
11, wher ei tin h beamewntaixisg emidroament, drerfaihdgen-containing catalyst is heated in a low

10 moisture environment at a temperature of from 400°C to 1000°C.

12. The method of any of claims 10 or 11, wherein the low moisture environment

contains less than 5% by volume water.

15 13. The method of claim 12 wherein the low moisture environment contains less

than 1 % by volume water.

14.  The method of any of the preceding claims, wherein, prior to heating the
catalyst in a steam-containing environment, the halogen-containing catalyst is heated

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

15. The method of any of the preceding claims, wherein, after heating the catalyst
in a steam-containing environment, the halogen-containing catalyst is heated in an
oxygen-containing environment at a temperature of from 400°C to 1000°C.

25
16. The method of any of claims 14 or 15, wherein the oxygen-containing

environment contains greater than 10% by volume oxygen.



contains less than 5% by volume water. 15 13. The nethod of claim 12
wherein the | ow noi sture environnment contains less than I % by vol une

wat er. 1l4awolB@oowet hod of any of the preceding cl ai ns, wherremnjsopui4gy to
heating the catalyst in a steam containing environnment, the

hal ogen-contai ning catalyst is heated 20 in an oxygen-contai ning

envi ronnent at a tenperature of fron14Q9C to 1000C. 15. The nethod of any
of the preceding clains, wherein, after heating the catalyst in a

st eam cont ai ni ng envi ronnment, the hal ogen-containing catalyst is heated in
an oxygen-containing environnent at a tenperature of from 400C to 1000C.
25 16. The liket hdde ofetbadyof@ny of thiepseceding clairBs, witeesie the halngenxggfemingdnt ai ni ng
envi ronment_cont.ai ns_greater.than ,10% by vol [0)¢ n. WD 03/000411

PCT/ US02/ 154A6°t s DRerP pisRarel by A dtptiqd ORprse et ng ol ai ms, wher ei n

t he hal ogen- con{gi ni peepafind ahistirdvdmpieRy ARRRbEG: RylRulaBibagaconpri si ng
the steps of (a) preparing a m xture conprising a non-zeolitic nol ecul ar
sieve, a Bindgehaloganogen; 5 (b) drying the mixture. 18. The nethod of

claim 17, whereijn th j Il | um num chl orhydrol. 19. The net hod of any
of clrglai ns 18 or @9, thglﬁ%‘?‘t;‘%‘%g is achieved by spray 10 drying. 20. The

nmet hod of any of the preceding clains wherein the catal yst contains a

si li coal um_nophgsphat e and/ or al um nopho at.e l.ecul si eve sel ected
fromthe dﬁoup@sﬁgqt%qdi%l%m idambsrein tgﬁ@%ggﬁls s chlgppidiols,  SAPO: 17,
SAPO- 18, 15 SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPC 40,
SAPO- 41, SAPO 42, SAPO 44, SAPO 47, SAPO 56, ALPO 5, ALPO 11, ALPO 18,

ALPO- 31, ALPO 34 heAlcf©d38 anpbPGadys, 184rAG; whereinhdrymatisidchoayed &y spmay f or ns of
eachlot her e(aiymgnd m Xt ures thereof.

20. The method of any of the preceding claims 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,
15 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.

20 21. A catalyst comprising a non-zeolitic molecular sieve and an inorganic oxide
binder, wherein the catalyst contains from 10 to 600 ppm by weight halogen, as

determined by X-ray fluorescence.

22. The catalyst of claim 21, wherein the halogen is chlorine.
25
23. The catalyst of any of claims 21 or 22, wherein the inorganic oxide is

aluminum oxide.



20 21. A catal yst conprising a non-zeolitic nolecular sieve and an

i norgani ¢ oxide binder, wherein the catalyst contains from 10 to 600 ppm
by wei ghtwbaBogeami as determ ned by X-ray fluorescence. 22T/USaz1384 al yst
of claim 21, wherein the halogen is chlorine. 25 23. The catalyst of any
of claims 21 or 22, wherein the inorganic oxide is alum num oxide. WO
03/000411 PCT/ US02/ 13489 43 24. The cg%al yst of any of clainms 21 to 23,
wherein the catal yst contains from 10 0 400 ppm by wei ght hal ogen as
determ ned by X-ray fluorescence. 25. The catal yst of claim24, wherein the
catal yst contains from 10 to 200 ppm by 5 wei ght hal ogen as determ ned by
X-ray fl uo2édscede catayst dftrayohtlalgsil of23awhensin the aataty2onteiesrfedm 10he

catal yst contains from to 80 m b ight hal ogen, as determ ned by
X-ray fl uo?%%@e%ﬁfbyfﬁ’ halpgen %Sa({)egelr '{edﬁ' )gﬁ@y@ Or‘?ﬁﬁ’i“ﬁs 21 to 26, wherein
the catalyst has a GAL Index of less than 2. 28. The catal yst of any of

clainms 21 to 27 characterized in that it has been prepared th a met hod

accordi ng £8 anyhefatelysf ofeclam:24, phereirstho gatalystpatagisdiasn i ¢oAUEPRN 68 pr ocess
conpr si ng 1 he fi AL reducs edstock to a reactor systemin
t he Sr esen(‘:&;éel%ft%gl%gg%ga)ﬁ%&%ﬁgrgg@gr%?%ﬁ%e%ﬁ{@m claims 21 to 28 or prepared
according to any of clains 1 to 20- (b) withdrawing fromthe reactor system

an effluent stream and (c) passing the effluent gas thrqugh a recovery
system recéferi ﬁ&eéﬁta{;’é‘a%ftanﬂH@Cla%g5ad¥h%?}?éhec‘6‘1‘ﬂ%$§P@ﬂmﬁ 98U © 8030, The

pr ocess of k), &gn AR Eh sl difer RISy ks HRIBALERS, One or rore

oxygenat es.

10 27. The catalyst of any of claims 21 to 26, wherein the catalyst has a GAL Index
of less than 2.

28. The catalyst of any of claims 21 to 27 characterized in that it has been

prepared by a method according to any of claims 1 to 20.

15
29. A hydrocarbon conversion process comprising the steps of:
(a) introducing a feedstock to a reactor system in the presence of a catalyst
according to any of claims 21 to 28 or prepared according to any of claims 1 to 20;
(b) withdrawing from the reactor system an effluent stream; and
(c) passing the effluent gas through a recovery system recovering at least the
one or more conversion products.
30.  The process of claim 29 wherein the feedstock comprises one or more
oxygenates.
20
31. The process of claim 30 wherein the one or more oxygenates comprises

methanol.



31. The process of claim30 wherein the one or nore oxygenates conprises
nmet hanol . WO 03/000411 PCT/ US02/ 13489 44 32. The process of claim 29
wher ei n tWe osfer40or nore conversion products conprises on@Carusoniasol ef i ns.
33. The process of claim32 wherein the one or nore ol efins conprises
ethylene, 5 propylene and m xtures thereof. 34. The process of claim 29
wherein the feedstock conprises one or nDre oxygenat es and ammoni a. 10 35.
The process of claim 34 wherein the on&%or more conversi on products
conprises one or nore al kylam nes. 36. The process of claim35 wherein the
one or nore al kyl am nes conprises one or nore nethylamnes. 15 37. The
process of 32| ai Mh8pravhardicinimled varegeiothemieer axygeaestoncpopudises  net hanol .
38. The process of claim 29 erein the feedstock conprises one or nore 20
oxygenat es CHRBIEAENS PT MOFCl8ihat i ¢ conpound. 39. The process of claim 38
wherein the one or nore conversion products conprises one or nore

al kyl ated aromatic conpound. 25 40. The process of claim29 wherein the
conver si on3pr oc&be piessrdckiimg?2 whetein Teeonsoo oessolefinctampnise9etitienei n t he

conver sion R)r py e?lg%mé mlgtlen\rlc\:%)'fhergof

34.  The process of claim 29 wherein the feedstock comprises one or more

oxygenates and ammonia.

10 35. The process of claim 34 wherein the one or more conversion products

comprises one or more alkylamines.

36. The process of claim 35 wherein the one or more alkylamines comprises one

or more methylamines.

15
37. The process of claim 36 wherein the one or more oxygenates comprises
methanol.
38.  The process of claim 29 wherein the feedstock comprises one or more
20 oxygenates and one or more aromatic compound.
39. The process of claim 38 wherein the one or more conversion products
comprises one or more alkylated aromatic compound.
25 40. The process of claim 29 wherein the conversion process is cracking.

41. The process of claim 29 wherein the conversion process is dewaxing.



