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| TS MAKI NG AND USE | N CONVERSI ON PROCESSES FI ELD OF TI C | NVENTI ON [ 0001]
The present invention relates to a nol ecul ar sieve catalyst conposition, to
a met hod Wb 208iBgssor form ng the nol ecul ar sieve cat al yst/useanspoapt i on, and
to a conversion process using the catal yst conposition. BACKGROUND OF THE

| NVENTI ON [ 0002] O efins are traditi onal |y produced from petrol eum f eedst ock

by catalytic or stea ocesses,
especially steam cr .’1' ﬁﬁg@r ’et hyl ene and/ or
propyl ene froma va 7 2 . 3ESand propyl ene
are inportant comodity petrochem caI S useful I n a variety of processes for
maki ng pl asti r conmpounds. [0003] The petrocheni cal

I ndustry has mmm especially alcohols, are convertible
into |ight Ogﬁalz(s)-_mr fréef HAPGREO Srl @S890 hRTocutlY AbAP! GudRe
produci ng oxygenates inc I ng fermentation or reaction of synthesis gas
derived fromcompogitibn,gRsa pethod|cfunaking wir dormivgy thenmoboular vixve roatlyst

i ncluding coal, recycled pl astics, .munici pal waste or any other organic
mat eri al . Geﬁemapmgwn 19r Gd GRRYCETOID fPTRSRAS hesing tbﬁscﬁt"ﬂv%l GABPRFIE Wb USt | on
reaction of na ‘ @wdand an oxygen source into

hydr ogen, caf¥ ¢ i oxi de. Syngas production
processes ar o] | kno‘@leﬁﬁ’d“@ré RaditeRallyCpouessd aoal Béﬁaauﬂhre&&wknsy(

aut ot her mal reform ng or on conbi nation thereof. 004] Met hanol he
preferred al cathbrhcfocrstelamgmcknhg]ﬁnonespﬂ:sodﬂmsw oracking pmo)epﬂes,aﬂspgcidwd:mr zed
fromthe catalyiic reactio @Eggég) bon nOXI ﬁ_nd/ or car bon
diioxi de in a“FE&REoProfdics kgt eheon GE% gmyA yarigey,

exanple, in | S I Je r/zi nc
oxi de catal ggﬁlﬁy&%\?@t gere{?%teﬁf %th?f%h%laagg %%g %’ﬁgnpgr er&nﬁgggfhanol
conversi on peaschemidals gseter &l ayvarebyeof @ﬁbde@seasfoa niakinpa plabtidsOar eftlen( S)
process (I\/H'O? where an oxygenate, typically nostly methanol, is converted

into primari Pbeﬂelp shaosmeundsid/ or propyl ene in the presence of a nol ecul ar
si eve.

[0003] The petrochemical industry has known that oxygenates, especially
alcohols, are convertible into light olefin(s). There are numerous technologies
available for producing oxygenates including fermentation or reaction of synthesis
gas derived from natural gas, petroleum liquids, carbonaceous materials including
coal, recycled plastics, municipal waste or any other organic material. Generally,
the production of synthesis gas involves a combustion reaction of natural gas,
mostly methane, and an oxygen source into hydrogen, carbon monoxide and/or
carbon dioxide. Syngas production processes are well known, and include
conventional steam reforming, autothermal reforming or a combination thereof.

[0004] Methanol, the prefemred alcohol for light olefin production, is
typically synthesized from the catalytic reaction of hydrogen, carbon monoxide
and/or carbon dioxide in a reactor in the presence of a heterogeneous catalyst. For
example, in one synthesis process methanol is produced using a copper/zinc oxide
catalyst in a water-cooled tubular reactor, The preferred methano! conversion
process is generally referred to as a methanol-te-olefin(s) process (MTQ), where
an oxygenate, typically mostly methanol, is converted into primarily ethylene

and/or propylene in the presence of a molecular sieve.



2 WO 2005/113145 PCT/ US2005/ 016199 [0005] There are many different types of
nol ecul ar sieves well known to convert a feedstock, especially an oxygenate
cont ai ni nq‘,{)%&ﬁt}?ﬁg, into one or nore dlefin(s). Mlecular sieves, such as
zeolites or zeolite-type nol ecul ar sieves, carbons and S&THESHEor ous
solids having pores of different sizes that selectively adsorb nolecul es
that can enter the pores, and exclude other nolecules that are too |arge.
Exanpl es of @08¢ul ar Jihetecare usaryidifferent bivoeef molpcalar sipygy wisH thmowntto
olefin(s) are; U.S, nt No. 5,367,100 describes the e, of a well known
Ceol i 1. ZoMFEVerloa Jostk: FRRerNY I FRBoRTE cPHRTyRE dredtibpl iy o or

4,062, 905 di RicHS So@éqﬂ(@? QABMEAISE Q2ves, diRh rﬁn%o,ﬁ?é%dppf[z@@l’ite—qg]y& bl O

et hyl ene and propyl ene using crystalline alumnosilicate Zeolites, for
exanpl e Zeol sieees] carbdh® anceoxides, taee powbus kelidszhaveng horgs oPdifément Nizes 4079, 095
describes the use of ZSM 34 to convert nmethanol tq hydrocarbon products

such as et hybderivghirdsedpelepales that am qigrdhe pouss, and 3xpluda othee molsoyles

producing light olefin{s) fr a | ¢O ing a crystalline .

Bl i nophos pitdl e bt iafee, o JEXRRflpE ot Blerul shf GPAT Ariiifpting, e

4,440, 871 deaﬁrgeﬁﬂé ito | dISRAL )R VB0 PRERIRS 5,507, ARLAAEriBésaNO Bisd SFWEl  one of
the nost useful nol ecul ar si'eves for converting nethanol into olefin(s).

[ 0006] Typi ckhdwn zeolitec ISVI-5i tev esnvarte nfethranel intnt olefin{sgc U.Sr Paieat/ No. cat al yst

conpositions to inprove their durapility jn comercial conversign
i bl

processes. TASO2GDP disepises erqomiersion phiasteangl apd Gthes oxygangies fo eBvlng st
t .t ) . , |
compos! t1on BA bioblyRhe WAFHEE G MSfline dEnAAREAL ABiiles. @?%gglglpjkg{ae61ﬁé‘%‘ or

systens causSe parti reakdown | nt o sna es cal’'l ed

fines. The pRKS| &dnitetuheaksitife ol St PateAONS CUDEY, 055 @36Briba tBk Yisd o£2SIIOSI ti on
particles is known as attrition. Problens devel op in the recovery systens

because fi ne34 tf canvegxinethannd to thydiocaibon pradvstspruchl as tethydenezdindi prgpdédd; uent
stream Catalyst, co Sitl ving a higher .resista to attrition
generate fe\?\)le]rss'fﬁaﬁ@gﬁe‘?'héé?&’%aﬁyr&ﬁs iﬂ;ﬁ‘%{}gdhgbtogégg&f 29; gleelpl ang

| ess catal ys; LLieR RehiRe hieged r '%nmo Spr ¢ and

t herefore, I%svl\ggqgv érta]ih?‘eoperat P%géyggtrsetESOﬁ%(S%%?gﬁéal@ nom“’tcdﬁlgtU‘t e way in
whi ch t he noPstent!Me. 45449/87 lcddserilyestsilicvahmosoghospimtamelarathe sieved (FARO Rt ed
affects catal yst conposition attrition. Ml ecular sieve catalyst

conposi t i onsongraf themasipssiil melesular sigvas fos cereriing wethaeol into olefin(s).

[0006] Typically, molecular sieves are formed into molecular sieve

catalyst compositions to improve their durability in commercial conversion

processes. The collisions within a commercial process between catalyst
composition particles themselves, the reactor walls, and other reactor systems

cause the particles to breakdown into smaller particles called fines. The physical =
breakdown of the molecular sieve catalyst composition particles is known as |
attrition. Problems develop in the recovery systems because fines often exit the

reactor in the product containing effluent stream. Catalyst compositions having a

higher resistance to attrition generate fewer fines; this results in improved process

operability, and less catalyst composition being required for a conversion process,

and therefore, lower overall operating costs.

[0007] It is known that the way in which the moiecular sieve catalyst
compositions are made or formulated affects catalyst composition atirition.

Molecular sieve catalyst compositions are formed by combining a molecular sieve

and a matrix material usually in the presence of a binder. For example, PCT



and a matrix material usually in the presence of a binder. For exanple, PCT
3 WD 2005/ 113145 PCT/ US2005/ 016199 Patent Publicati on WD 03/000413 Al
publ i shed January 3, 2003 discloses a |low attrition nolecular sieve
cat al yst SWOPESIMBBA using a synthesi zed nol ecul ar si evePCTHEOHEKINGt been
fully dried, or partially dried, in conmbination in a slurry wwth a matrix
material and/or a binder. Al so, PCT Patent Publication WO 03/000412 Al
publ i shed Janpateyt BublR@fch WG 0359604131 All publishedi Fahwiry 3pPerliBclosdsev@weat al yst
conposi tion produced by controlling the pH of the slurry above the
i soel ectric @&itAN BPlechler pisyeellzyt compeationusing pyathesizgsompleailposeve
Publ i cati on e S 03/ 8228, publ ished .January.23.. 2003 shows.nmaki ng a
-low attriti or’\lﬁ’ﬂ)#@%ﬁﬁ%a een g?qé@én%datoép%?ﬁggﬂﬁ@slflﬁo 1W0Miansgur5y g’lltg‘riar y of a
synt hesi zed npl#fiindferial f¥For PhindirN Ao, PAUTIP AR PRBRLI6N AW DRIF0004TR LGN | @l |
wherein 90 percent by volune of the slurry contains particles having a
- di anet er | essputiizhe® Quanuddy S, T008ediscusfgsphilowt atbwitidio mdleular8sids chtalystd June
24, 2002, which is_herein fully incorpaorated by reference, illustrates
maki ng an at t $9mPesHfigrepiodusad: bgemEqliing thy %ﬁeof %ﬁtsﬁn‘r%ﬁb%’ﬁn‘%éﬁeieéﬁwoy
controlling t Q.0 ' to I sl.eve Sy e No.
6,503, 863 i s Eﬁ’q‘?{aé%ife et%“’%"’@e %ge ®of Uiiaf 5??%&3’5’%8‘*@%?‘?&%?8‘# Fig%’e@fés
catal yst conppeys/ooIB2L 9 piildlisB¥EIauRg23] 20030dhotwl endkeiiPA RincattiBiRm hélebdler
synthesis of the nolecular sieve. U S. Patent No. 6,541,415 descri bes
i nprovi ng t hesiexe ¢dtalygreompesition by caeekaig 2 sy &f @l snthesiesdmelaculay sieve, a
conposition that contains | ecul ar sieve- contajpning recycled atfrition
particles and0ifyhd porarallys nﬁ%é‘“’éﬂ&ﬁhﬂ@?ﬁﬁl g@é’ﬁ%eﬁﬁﬁiivﬁgﬁuq 8% Hove the
tenplate fro | 2k 3dCheviaat al . Ridne . 6 582
descri bes thgglﬁljsi}g %@hﬁﬁ%ﬁ{;ﬂrﬁ&ﬁ ggﬁ]gge@t%i%gtdegclgsst he aggﬁ%{'\bop%'t ggrrtg?gti ng
agent requi r edpplicapiondiloe H/pz8,455c uiled holee@d| a2002| ewhich| 0 QRteint fitllly al so
known that in typical conmercial_ processes that . flocculants are used in the

recovery of sifeTReEsiedly rabirencs Hlushates makingipcaitrition JedisiantipelegHar ¥evswn t o
f ilitate th . ' [ : f
the synt hesi AatpiyaEbRRpSASEYEEdndiind B rf SRR 0 Krldifallie siRET VG Y ©

process. Howepgént NG, ORSENedificted ol D el 6f Beuh tRhfiBeh rhdlecdat abwst
formulation, and in sone cases flocculation can result in the fornul ati on

of catalyst catalyssomposition &viempviecvpertian of the template isadandhe ayrdhdsiaed

selectivity Itﬂe \ﬁ?gléc%'llasr sieve. U.S. Patent No. 6,541,415 describes improving the attrition

resistance of a molecular sieve catalyst composition that contains molecular sieve-
containing recycled attrition particles and virgin molecular sieve and having been
calcined to remove the template from the molecular sieve catalyst. U.S. Patent
No. 6,660,682 describes the use of a polymeric base to reduce the amount of
templating agent required to produce a particular molecular sieve.

[0008] It is also known that in typical commercial processes that
flocculants are used in the recovery of synthesized molecular sieves. These
flocculants are known to facilitate the crystal recovery and to increase the yield of
recovery of the synthesized molecular sieve typically in a large scale commercial
process. However, the presence of a flocculate can affect the catalyst formulation,
and in some cases flocculation can result in the formulation of catalyst
compositions having lower attrition resistance and lower selectivity in various

conversion processes.



conversi on processes. 4 WO 2005/113145 PCT/ US2005/ 016199 [ 00091 Al t hough

t hese nol ecul ar sieve catal yst conpositi 1?ns descri bed above are useful in
hydr ocar bon conversi on processes, it woutd be desirable I mproved
mol ecul arW9i 280811845l yst conposi ti on having better sel ec‘%‘?@?%xﬁ‘ggﬁgn
particular prine olefins, especially ethylene and propyl ene. SUMVARY OF THE
| NVENTI ON [ 00101 This invention generally provides for a nmethod of making or
fornul ati ng 400lecul arAkhangh thescamplaculap irysi ¢atdystagnmpasitions deseribed a

conversion pjocess for .converti a feedstock into.one ar re polefin(s).
(00151 "1 on @i HeR I Craroie iRy, MEEER dom gl b Begapls o
produci ng onga(d alfBhistoPbeblcalar sitecaMIfR RompeaibA haviRg bkl stlesifinlb- ()

i ntroduci ng a feedstock to a reactor systemin the preSence of a fornul ated
mol ecul ar si @ve patiailast pomposioléfms, coespedisiing ethglent heand edprwpilenell ar

sieve having been recovered in the presence of a flocculant; (b) .
wi t hdrawi ng SUMMARY QF-LHE IN LN ef fluent stream and (c) passing the

MAER : YXENT]
ef fl uent str hr oug [ ec r e veerin f.he one or
rore ol of i n( 0T o' ond Wi SBEREE enBikBl TIRGLRET 5t ' Tneblod 87 Jhalint B0 c
pol ynmer. Pr efgiiiMiing dotecitab 8l e @staRBl @ihpdditionSdrM8 itsSus8 in a conversion
nmet al | o- al um nophosphate, a silicoal um nophosphate, an al um nophosphate, a
chabazit e (Cpicessfaneemicktingqfeedaddakdntoronesiranage otefings)CHA  and AEI
intergrom h or m xed framework-type nol ecul ar, si.eve. 100121 |In another
preferred enﬂ&ﬂiﬂmnt, eoqengxgh&pc%./lgwn} e, deentipn 4s ((liresld 1 3¢ POgeshESi 2i ng a

mol ecul ar si §¥o%ucﬁ@eoﬂ@tcl?°ﬂm?&fBi’éﬁf(%)”%& V@oé&sﬁpéongé]ﬂs%gg tnd %t 'sngfza@y”t hesi's
m xture conpfising“two or nore a SII'fcon Source, um num sotr ce, a
phosphor ous gftédaging aa dedtistoeRPloas i B4Lt@0 8ytem (iB) the Npregehideiotya fhamiblagRd
synthesis mxture a flocculant; and (c) recovering the synthesized nol ecul ar
si eve. |n ongodgeuladisievgt catalys qomemnamommlsmgcﬁévgbgsm«%mi@ubo|s;fm§r. I n

th mbodi.ment, the fl | ant | lected f . th
o oup. const SEAE Bren (sbpyed i e Hewte BF adincE ) SHPuREHERSar b5 rent

the synthesi gaffoXsydtéin MOLMALES fMdaind aRE (O pd¥Bing tBé efflitht 5&&M HRBLGLa an
al um num source, a phosphorous source, and a tenplating agent. Ih yet

anot her enbozticoesy sysitme peqovpring atrleasb theranegr more olefin(s). In one embodiment,

hns ale il ls

the flocculant is a charged organic polymer. Preferably the synthesized molecular
sieve is a metallo-aluminophosphate, a silicoaluminophosphate, an
aluminophosphate, a chabazite (CHA) framework-type molecular sieve, or a CHA
and AEI intergrowth or mixed framework-type molecular sieve.

[0012] In another preferred embodiment, the invention relates to a method
for synthesizing a molecular sieve, the method comprising the steps of: (a)
forming a synthesis mixfure comprising two or more a silicon source, an
aluminum source, a phosphorous source, and a templating agent; (b) introducing
to the synthesis mixture a flocculant; and (c) recovering the synthesized molecular
sieve. In one embodiment, the flocculant is a charged organic polymer. In another
embodiment, the flocculant is selected from one or more of the group consisting of
polyethylenimine. In yet another preferred embodiment, the synthesis mixture
comprising three or more of a silicon source, an aluminum source, a phosphorous
source, and a templating agent. In yet another embodiment, step (c) of recovering
is one or more filtration step(s) or one or more filtration step(s) and washing

step(s), or a combination of one or more of a centrifugation step(s), a washing



Is one or nore filtration step(s) or one or nore filtration step(s) and
washing step(s), or a conbination of one or nore of a centrifugation
step(s), a washing 5 WO 2005/113145 PCT$ US2005/ 016199 step(s), and a
filtrati ofVQeMS(14§145| n yet another preferred enbodi nent BETRISZWSOEAYOMI nent ,
t he amount of nol ecul ar sieve recovered in a single batch is greater than
250 Kg, preferably greater than 500 Kg, and nost preferably greater than
1000 Kg. DETAlepEh) bbaRiRENON stip(SHEM NeEHdthl phTdrtddUEbaimenO06 8iis The
invention is directed toward a nol ecul ar, si eve catal yst . conpaosition, its
maki ng, and eBbpginensdhe AmoHBt IgRHOEFE AT s regoveEuligy HeiRgle hatshaheregier nor e

For mea 11 om e 3 Bep g pBhet HRNSARKD, Ml nf TRt der R 1T Y

material, ando@Rrii onally, nost preferably, a binder. It has been discovered
t hat when recovering a nolecular sieve in the presence of a flocculant in a
nol ecul ar si @ D NESCRIPHIONOF {THEE INVERNEION ANTROBUCKION eve exhi bits
i mproved sel iLyity r rily ethyl ene and propyl ene in a conversion

process of oi@léy nor etl%ﬁl Qo lﬁosléeci@gg?\ff?@am P ff’éné‘le‘.’e isadysh| ar

Si eves | 0014}, MBbSEU 3 USHE SRR R KD e AOBRI B BB O noop, L

f ranmewor k, acteristics. ecul ar si eves have been we

t he Struct ur emor€olefingsi 0A hkmuhed nvkxcolat sienalcatdbel compdstar isatypiallpccor di ng
to the rules of the |UPAC Conm ssion on Zeolite Nonmenclature. A
f r amewor k- t y famgdsom sedurrnef theorpmelingtiontof 2 mejsshleg sievefa makix metednledr al | y

coordi nated at ons,.constituting.t franework,. and making a bstraction of
Che speci {1 ¢t SRUPRRS iy Mestabf. 4 FELT o ned HeeliieboRl WAL anc
zeol i t e-typerdBl&aiH fnclécYRSidvelin W fldséhce DF hUSdcHiiBntSa RRGRuRS kabs | shed,
are assigned a three letter code and are described in the Atlas of Zeolite

Framewor k Ty pegshestst proeefiss thensyntHesizod exqledudanditsve d@hifinignpr¢@eioselectiwity ch i s
herein fully i ncorporattgdlﬂt;%/ r&f erence. . For additional information on
mol ecul ar si &FePERPRY, cEylene @ SLORMERS: HiaP LOPRFSION] RIQCCSE I YN OT Bk um et

al., Int rOdu&Bﬂ&%ggorégﬁ%c%i%ﬁalﬁ%ﬁﬂﬁﬁland Practice, Second Conpletely

Revi sed and pan une 137, Elsevier Science, BY., Ansterdam
Molecular Sieves

ey

[0014] Molecular sieves have various chemical and physical, framework,
characteristics. Molecular sieves have been well classified by the Structure
Commission of the International Zeolite Association according fo the rules of the
TUPAC Commission on Zeolite Nomenclature. A framework-type describes the
connectivity, topology, of the tetrahedrally coordinated atoms constituting the
framework, and making an abstraction of the specific properties for those
materials. Framework-type zeolite and zeolite-type molecular sieves for which a
structure has been established, are assigned a three letter code and are described in
the Atlas of Zeolite Framework Types, 5th edition, Elsevier, London, England
(2001), which is herein fully incorporated by reference. For additional
information on molecular sieve types, structures and characteristics, see van
Bekkum, et al., Introduction to Zeolite Science and Practice, Second Completely
Revised and Expanded Edition, Volume 137, Elsevier Science, B.V., Amsterdam,
Netherlands (2001), which is also fully incorporated herein by reference.

[0015] Non-limiting examples of these molecular sieves are the small pore
molecular sieves, AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,



Net herl ands (2001), which is also fully incorporated herein by reference.

[0015] Non-limting exanples of these rm_ﬁITecuI ar sieves are the small pore

nol ecul ar (&t AEl , AFT, APC, ATN, ATT, ATV, AWV BIK WO
2005, 113138 A8 1005/ 016100 CH, DAC, DDR EDT, ERI, &@%‘-’Fiﬁ%l LoV,
LTA, MON, PAU, PH , RHO ROG THO and substituted forns thereof; the

Ton, “and subeds DAGPPE, B e iod ki E: LRy, ThRcMiacedthipdl eves,
ANy BEn ORI ERPC G s e Bitms, Mol P RSB pSICHBRARY, 7

exanmpl es of sibees, PXROcWEL] BUDe HIEW] FHERgVEEL, PeFLi MEWT IMTTOITONNadt i ng an

oxygenate containing feedstock into olefin(s), include AN, AEL, AFY, BEA
CHA, EDT, FAwbstmied fogns therges; andithe kege pwrimolooar smpves, BT, FAM andl TON. |1 n

one preferred e L men t he | ecul ar, si.eve.o he, 4.n ti an AEI
t opol ogy orsﬁsﬁa%%?%%f iy&fﬁor%oﬁ@er%%%%ﬁlﬁvﬁsmi?%@%ﬁh’ f@ﬁ ly an
i ntergrowt h poRereRf LTIORKER, MER W W afESOPN 3 ERitHE Sahplairaae! ar
sieves have froma 4- ring to a I2-ring or greater franework-type. In a

preferred enpefirrednholetiler sikwes qartioulsalyefor sconsemting-an d0ygenate kdntaining
structures or |arger and an averaggAeé)ore size in the range of from about 3A

to 15 Al. I nI fepdst lﬂt(bpﬁﬁé(ﬁ):eﬁmb‘ﬁlﬁ IRl AlY. BRY), &dihaFEDS; FAWs FEB; eL erably
SAPO ' 8 | |
" pr SIS LB T MERY MEL DI IO MIPSDEANPUE TN 1e0Bs o

about 5A, pr ynTt rom3A"to nore pre?erably
from3A to ahefired cathodiicht s meleafiar sdleyof the Findntién has A AET padgy [ 0017]
Mol ecul ar si'eves based on silicon, alum num and phosphorous, and netal
cont ai ni ng nel 26 HArtopplegnsorn haoaination \thelses mossprefepady ian idtergiowth n

nunmer ous publ i ca%i ons including for exanple, U S. Patent No. 4,567,029
(MeAPO wher®@8%f%is My, M, Zn, or Co), U.S. Patent No. 4,440,871 (SAPO),
Eur opean P Appl i ' sl SV EF ' Be, B,
o, Co, Ga, aﬁ’%‘é‘?’ Fe, L?ﬁé*‘wgﬁ‘ﬁ T %?Qafﬁ§?’°f65§6’gpaten?“ﬁo‘_ﬁ”%?§%‘i%s
(FEAPO), U. SingPad @nlBrindlar gree? fitwok-638, 2hv a preitdred S@hbddhadtSEe EP- A-0

158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0 161 489 ( CoAPSO) ,
EP-A-0 158 gmglepyipmgieyes have 8-, 10- or 12- ring structures or larger and an average pore

size in the range of from about 3A to 15 A. In the most preferred embodiment, the

molecular sieves, preferably SAPO molecular sieves, have 8- rings and an average
pore size less than about 5A, preferably in the range of from 3A to about 5A, more
preferably from 3A to about 4.5A, and most preferably from 3.5A to about 4.2A.

[0017] Molecular sieves based on silicon, aluminum, and phosphorous,
and metal containing molecular sieves thereof, have been described in detail in
numerous publications including for example, U.S. Patent No. 4,567,029 (MeAPO
where Me is Mg, Mn, Zn, or Co), U.S. Patent No. 4,440,871 (SAPQ), European
Patent Application EP-A-0 159 624 (ELAPSO where El is As, Be, B, Cr, Co, Ga,
Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S. Patent No. 4,554,143 (FeAPO), U.S. Patents
No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent
No. 4,935,216 (ZnAPSO, EP-A-0Q 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO,), EP-
A-0 158 350 (SENAPSQ), U.S. Patent No. 4,973,460 (L1APSO), U.S. Patent No.
4,789,535 (LiAPQ), U.S. Patent No. 4,992,250 (GeAPSO), U.S. Patent No.
4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent No.



where EL is Co, Fe, My, WMh, Ti or Zn), U S. Patent No. 4,310,440 (A P&4),
EP- A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (Li APSO, U. S. Patent
No. 4,789,535 (Li APO, U.S. Patent No. 74,992, 250 (GeAPSO), U.S. Patent No.
4, 888, 167TWERRPOI3141. S. Patent No. 5,057,295 (BAPSO, U K T/PstoesiticN®. 7 WO
2005/ 113145 PCT/ US2005/ 016199 4, 738,837 (CrAPSO), U.S. Patents Nos.
4,759,919, and 4, 851, 106 (CrAPO), U S. Patents Nos. 4,758,419, 4,882,038,

S5, 434, 326 amﬂ7§sﬂi‘3 %}&%@ateﬂté Sos. 472899109, bimwsﬁfzéﬁmﬁuép)?@@) u.S.
Patent No. 4,894, 21 US Patent No. 4,913,888 (AsAPO), U.S.

Patents NOS. Patemsé\lmzﬂ;’% zewa’wa (38d 5439526588 5. 4RR 73PEILARSD, (Patents

US paont Reonite et el U Bed e d¥ha s Weabshl ui Palentos 61
3 605, 492 (THP0y 0 b AMAPON ST EsRybes PN g7 RERPT™ U s

Pat ent No. 4(1\1:351’8093, w&m&a}s ERs. A5, 8201 9;&76(1@;930(Mnﬁf@)e UQSI Patentanewor k
oxi de unit S. Patents Nos 567, 029 686, 093,

el Bia MoehTiaSs eAPSOIol S Pebngt Noo .00 590 BeARO). 1) SeBatizga Nos.

5241 093, SaRsAB A SRR T o s8R PEERRRSAT Y S bmepis s T 3op Ny 1))
6,409, 986 (14656236 a1l Q 66)9519QU§M@I)) G747 Ipaeifs (Nd Qa82),550, 4i14dHh
(1TQ 13), 6,475, 463 ( SSZ- 55) 500, 404 (1 TQ 3), 6,500,998 (UZM'5 and

UZM 6), 6, SEOARSOY NS Balenbd. 6, m%g&m)sﬁr -A-®, B9 BFYQABTO59) |

noor hor at edvigTe O by BBk cdib et el a3 Beshalis oeaotd m
Szost ak, “&’%@6%30“47%5?&%9?3 ﬁ‘[z@v@%m Y4 l%'%%'ig‘{}d@ *7@'?6" 195?@3’1“ K, New

Yor k (1992) eréin y 1’ncor pdr at ed ererce’ 8] The
nore pref er rg9561464, 04;956 Hfﬂ,lm o187 &8) O, 098, G840 SMOM-4ly; 5,98)268 MUMAE)ecul ar

si eves, and al um num ghorous and optionally silicon, containing

mol ecul ar s@%@soﬂacﬁﬁﬁéﬁé uBIRNHABS ph4DE 0BG POT5050e AN EH4Y dTEQ-1)and
oLl ooal um oRIRIRIE  SHAh TR GERLE AR B Sy o 50
mol ecul ar  si@yps4cy qSSAR3) Y ST (BF@v9S .6, 500hogetaznegbshilt uzad.epAPO
6,524,551 (MCM-58) and 6,544,495 (SSZ-57), 6,547,958 (SSZ-59), 6,555,090
(ITQ-36) and 6,569,401 (SSZ-64), all of which are herein fully incorporated by
reference. Other molecular sieves are described in R. Szostak, Handbook of
Molecular Sieves, Van Nostrand Reinhold, New York, New York (1992), which is
herein fully incorporated by reference.
[0018] The more preferred silicon, aluminum and/or phosphorous
containing molecular sieves, and aluminum, phosphorous, and optionally silicon,
containing molecular sieves include aluminophosphate (ALPQO) molecular sieves
and silicoaluminophosphate (SAPO) molecular sieves and substituted, preferably
metal substituted, ALPO and SAPO molecular sieves. The most preferred
molecular sieves are SAPO molecular sieves, and metal substituted SAPO
molecular sieves.
[0019] In one embodiment, the molecular sieve, as described in many of
the U.S. Patents mentioned above, is represented by the empirical formula, on an
anhydrous basis:
mR:(M,ALP)O,



nmol ecul ar sieves. [0019] In one enbodi nent, the nol ecul ar sieve, as
described in many of the U S. Patents nti oned above, is represented by

the enpiri yla, on an anhydrous basis: nR (M, Al

2005/ 1131@%@@%05/016199 wherein R represents at Iegsgghgg@g'{%%% ating

agent, preferably an organic tenplating agent; mis the nunber of noles of
has a value fromO t preferahly 0 to

R | f , 0% d
5 B e oot aF dsptrsentartoleg oe, fe&lplaﬁyg it PrOFABEAY TRETFl o
o e o (mpidtif el 37 ie Gk HARBGE 8 mlEs AR pYNALE, (M (VLALE NTB Ll el oot o

from one of

Lant hani de' shafa viiae Rerd 0¢b ¢, freferablpD tElomnﬁmosppﬁffﬁablblﬂbm/Dlts sBhgct ed
fromone of the group consi sting of Co, Cu, Fe, My, Mh, N, Sn,
Ti, Zn and Yrandizrepresemiiasmaiedtactian of Aé,rl?eambM amﬁabadr@lqmdesmh@e@d and x,

yandzare. reater r _egua 1. n mis .
greater t han's e.%ag ifﬁ%atﬁﬁmq% %“3%‘&‘8‘% %a?ﬁ %%lﬁﬁo% PS in the
range of fro‘O’DﬂBﬁn& 0 afthanid@H6f the PeSodiB TraBI% df%l&ﬁelﬂg ﬂréféfﬂb&f&ﬁs%@le&eé m)re
preferably mis fromO0.15 to 0.7, xis from O. 0. 2, Is fromO0.4 t
0.5, and z i fomram ¢f. tBe gwup. c‘bnmmigzﬁlq CGy@t,t@nle:e Gifa é}enMgeMﬂ a¥i, Snete,

especi al l'y a_,SAPO_no| ecul I e .its formulatio a SAPO cat al yst,
and its use £mapdE{ehn dhgn ‘ﬁ?ﬂ?%@’a‘lst%‘??teff@%%%‘ﬁpﬁoré]g e Yad)z are s~ shown

in, for exa ) 7

4,873, 390, EQJSS‘E%@%&% 06@lg§an]§ %‘%@’ég%?dﬁn% mle% “galé‘r‘gﬁ &ein
fully incor paboat dx RypréREhANG to aBNN0 01251y iy mg:h@mrgpbemﬁfo $APQS, aditlz ALPO
mol ecul ar si eves of the invention include one or a conbination of SAPO- 5,

SAPO 8, SAPGs in thegares afgronsfddte 9.5, smn@méera@p(m&@omﬁm &1, x isfm 34,

SAPO 35, SA AP PQ: 40. . SAP 42, SAPO-44 (U.S. Patent
No. 6,162, 41@919’?“5%;@%?7% ‘%@8@65 ahd g s go ]AWJ??A@) ALPO- 18, ALI(DO 3
ALPO-34, ALRgy3 AL P%ﬁﬁhesﬁtﬁqrﬁ@ec@aﬂme% %Lpecmgteaasﬂpoqn&e&ﬁm e, Si eves

t hereof The nore prefertred nol ecul ar sieves incl one or a conbi hation of
SAPO- 18, SARG ftmubidien) idfo a VRO 4ehtalBiPixd s usAliR@oh8erting aAhRPoSdboreven nore

preferably one or a conbination of SAPQO 18,
feedstock into olefin(s), 1s shown 1n, for example, U.S. Patent Nos. 4,499,327,

4,677,242, 4,677,243, 4,873,390, 5,095,163, 5,714,662 and 6,166,282, all of

-

which are herein fully incorporated by reference. Non-limiting examples of SAPO
and ALPO molecular sieves of the invention include one or a combination of
SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-
31, SAPO-34, SAPQ-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42,
SAPO-44 (U.S. Patent No. 6,162,415), SAPO-47, SAPO-56, ALPO-5, ALPO-11,
ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, ALPO-46, and metal
containing molecular sieves thereof. The more preferred molecular sieves include
one or a combination of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56,
ALPO-18 and ALPO-34, even more preferably one or a combination of SAPO-18,
SAPO-34, ALPO-34 and ALPO-18, and metal contaiming molecular sieves
thereof, and most preferably one or a combination of SAPO-34 and ALPO-18, and
metal containing molecular sieves thereof.

{0021]) In an embodiment, the molecular sieve is an intergrowth material
having two or more distinct phases of crystalline structures within one molecular

sieve composition. In particular, SAPO intergrowth molecular sieves are



SAPO- 34, ALPO 34 and ALPO 18, and netal containing nolecul ar sieves

thereof, and nost preferably one or a conbination of SAPO 34 and ALPO 18,
and netal containing nolecular sieves thereof. [0021] In an enbodi nent, the
nol ecul ar WEWESIBI4M intergrowth material having two orP@DDB2005/6M6199Ct
phases of crystalline structures within one nolecular sieve conposition. In
particul ar, SAPO intergrowth nol ecul ar sieves are 9 WD 2005/113145

PCT/ US2005/ 016:89béle 5 fHelIg $. iPatdob & paliSatiotes @il Ny ri%/emi0 1en 6 58ar Addusho,
09/ 924,016 filed August 7, 2001, Publ i cati on WD 02/ 070407 publ i shed

Sept em\zﬁr ﬁz, 2(2Ug?C§nHub1@iOPOBDi %@7%@7\%b§€11€ﬂ5ﬁmﬁiml 125 3662 Apd iPlC"RL6,
1998, [ . el | . F ,
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framewor k-type, and nore preferably the nolar ratio, of CHA to AEl is
great er than gnbodinsniethe melegulay sy parpprdses af legti one inlsrEewn Phasers| ARl ar

Si eves are synt Lhzed b e hydrothermal crwstalli.zation of one of nore
of a source oefnda i Tﬁvyogicg&qscgregﬁx!ﬂg% g%dﬂ%ﬁﬁ%‘ﬁ%‘, sigye hsagé éeeateg'famsqum on, a
tenpl ating ageAn, franewakIPpdto ARPNrahBivhEk-GPERAH Atbre prefithiigthe/moRr ¢¥PI Nat i on

of sources of silicon, alum numand phosphorous, optionally with one or
mor e t enpl at i ofCB4dot’Elangieater has 1ok. nore netal contai ni ng conpounds, and

are placed in a seal ed‘press re vessel, optionally lined wth an inert

pl astic such W@%t hyl ene, and heated, under a

crystallizati ressur . %E’ﬁﬁ?. : L. Lk ﬁﬁéﬁg tions,
until a crys@g%ﬁi ne m@ﬁ%}iﬁﬁ&%@%@ [H aesynt b%éélﬁsb?‘ntt?(% t]}?gr.o e!rill, in a

commer ci al  pdrpRAlHSation di@nt iof tHoaé of DesIrey offaifiniubn asulues of phospiodsed to the
synthesis mxture. A liquid portion of the synthesis m xture is renoved,

decant ed, or southgcefl sikiconguariemplatinghagengnmandi hgneiphtaeatinng, sempoand.
containing t crystalline nmolecylar sieve.is then. optiaonall cont act ed
W th the Same ey pePERReT ot Horesd & Sibni ifinSh #RT Bhodpofiiy 2
washi ng st ep,otibRMyPRGE lote BN nble"REnfIARN dEds WhdldPCone or more metal

containing compounds, and are placed in a sealed pressure vessel, optionally lined

C

with an inert plastic such as polytetrafluoroethylene, and heated, under a
crystallization pressure and temperature, at static or stirred conditions, until a
crystalline material is formed in a synthesis mixture. Then, in a commercial
process in particular, one or more flocculant(s) is added to the synthesis mixture.
A liquid portion of the synthesis mixture is removed, decanted, or reduced in
guantity. The remaining synthesis mixture containing the crystalline molecular
sieve is then, optionally, contacted with the same or a different fresh liquid,
typically with water, in a washing step, from once to many times depending on the
desired purity of the supernatant, liquid portion, of the synthesis mixture being
removed. It is also optional to repeat this process by adding in additional
flocculant followed by additional washing steps. Then, the crystallized molecular
sieve is recovered by filtration, centrifugation and/or decanting. Preferably, the
molecular sieve is filtered using a filfer that provides for separating certain crystal
sized molecular sieve particles from any remaining liquid portion that may contain

different size molecular sieve crystals.



desired purity of the supernatant, liquid portion, of the synthesis m xture
being renoved. It is also optional to rlspeat this process by adding in
addi ti ona ,ant followed by addit%onal washing st . .. the
crystalli %%E%ﬁgquf ar sieve is recovered by filtrati on?’eﬁ"e#{?q%@ﬁﬁlg?i on
and/ or decanting. Preferably, the nolecular sieve is filtered using a
filter that %ﬂovi des for separating certain crystal sized nol ecul ar sieve

particles fri#23hy rendndipseferred;gmbogiBient the melseulargieves frasymthesized dyent si ze

prefer o enbulARR AR ot T outRel ite SE ol ROl iphithel, o

reaction progmgiin@h, 8 ¥6ibesF photphsretieard aRog@ticaemplatifib hp&Rprefersftyiace of
al um num a source of phosphorous and an organic tenplating agent,

pref erabl y anitrigenogenstaining adrgamg tempdafing tagepl. aflhisg pagtéowlarlyT hprsferred
particularly eferred nbodi jrent results in.the synthesjs of a ..

si |i coal um nB%EBé'HFFﬁfere §s%ltﬁar§¥mﬁ1ﬁ%§ i 8 siji @@%‘HPH@?L%E nYsiaiiee one or
nore fl occul - ars . ] sy i ' t ryshal lized
nmol ecul ar si i’eﬂ\%ieélla‘% lﬁh%‘%g&tgﬁ%%é%&glrmi Sgﬁgﬁg{dﬁw%ﬁ?fﬁﬁrgﬂ%ﬁ1£§8(?]tt¥i 8gat i on
and/ or decangyntigesid 0024k, M@tht cristallbgd excloplasicat istHeh ¢anovludrdesiaiedc! ude a

silicates, funed silica, for exanple, Aerosil-200 avail able from Degussa
Inc,, New Yobkfiltrasign, sepimfugatinn andrdesitings 5. si | i con conpounds such as

bnd ot 1 aet MABAT hos! | MERimiEPR RS AR 81 pliEA R inciBa¢ { el Fufhel ™
suspensi ons {;fies eRf ,exaﬁbltegamlezdwmﬂab@- ﬂ%sgegmwﬁd.ﬁaﬂh%_ YoM ed,. du

Pont de Nernours, WImngton, Delaware, silicic acid, alkali-nmetal silicate,
or any conbi ¥etk, endtCAB«DSIL M&, pilicdr composmisrsueh af tetidalkyd orthesilieates,| i ca

. [0025] Non-limti | es . of ) i pcl, ud I '
Coni al ni ng. clORSEEMDIeoiFG Gt BRaH H IMQRKERd GEacty grhesibintn QOB nurm
. g cERSBSTel . . . Pin n
psoudor boehrsa AT, Ak P AR el R 0 i S A M R

thereof. A graghbler £86mSBYr @6 Fint aleUNemdlis, SV{lfnAen, DDelawates silivaé tacidyl ar | y
when producing a silicoal um nophosphate nol ecul ar sieve. [0026

Non-limitin mstad silisetepoioanyrombination thaeef, Thiipsefomed squrescof silicon is

a silica sol.

[0025] Non-limiting examples of aluminum sources include aluminum-
containing compositions such as aluminum alkoxides, for example aluminum
isopropoxide, aluminum phosphate, aluminum hydroxide, sodium aluminate,
- pseudo-boehmite, gibbsite and aluminum frichloride, or any combinations thereof.
A preferred source of aluminum is pseudo-boehmite, particularly when producing
a silicoaluminophosphate molecular sieve.

[0026] Non-limiting examples of phosphorous sources, which may also
include aluminum-containing phosphorous compositions, include phosphorous-
containing, inorganic or organic, compositions such as phosphoric acid, organic
phosphates such as triethyl phosphate, and crystalline or amorphous
aluminophosphates such as ALPQ,, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when
producing a silicoaluminophosphate.

[0027] Templating agents are generally compounds that contain elements

of Group VA of the Periodic Table of Elements, particularly nitrogen, phosphorus,



I ncl ude al um num cont ai ni ng phosphorous conpositions, include phosphorous-
contai ning, inorganic or organic, conpositions such as phosphoric acid,
organi ¢ phosphates such as triethyl phasphate, and crystalline or anorphous
al um nophdé@Rexsas3igtich as ALPO4, phosphorous salts, or cegbiusadesenged her eof .
The preferred source of phosphorous is phosphoric acid, particularly when
produci ng a silicoal um nophosphate. [0027] Tenpl ating agents are generally

conpounds t hadsefi@Nhd NN infore Oprefekablp nifoin RRphadig dbheosof
El ements, particularly nitrogen, g%os_pﬂgjraus, g131 V\?)pZOgS/ 113145

PCT/ US2005/ Opefgeblymiteegen. diypicahtemplatipg agenteopbedupr ¥l of the PeringenTahie

phosphor ous, d nost., preferahly nitrogen. Typical t ati agent s of
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tenpl ati ng ageniss Eheeprefdredgempiating agemtigreadtnpganrasmtmnial compomndssach and
guat er nary anmonj um conmpounds. [0028J The quat ernary anmmoni um conpounds, in
one enbodi nemtnmeéan%lpat@@@afta@m@wmwem@ew&%| formula RAW where each Ris

o kvt oroup 02BN 0w TRE cyflertaty St G, PRRERE. | ot SfBolileRt S0y "
enbodi nent,  {ddeesbAER! B ithE geABADNtBrnnils | RAE, awkBhéRAL RO Gldrapsh QF 4ore

guat er nary antroni um conpound(s) and one or nore of a nono-, di- or tri-
am ne. [ 0029hydxocerbylrirtsibsiiteted hpdesarbyl grewp |patferaphageaky! group odan amd r aal ky|

anmoni um conpounds | ncl udi {1& salts thereof such as. t .trarren%héll mmoni um
conpounds i nEIOHRIKYME PR { HRl o§arbop, gomiSe t By PRG € HE‘PH“PF ¢ AefBRating
tenplate is 1 ReeTAY] % 39’5'"9 oxi de
(TEACH) and Q%e&mﬁé Elt?lﬁé ?)eéclg , par0 y%%ﬁ%ﬁ%&%ﬁﬁ%@%ﬁgﬁﬁA rm?@:ul ar
si eve. Fl occatlddiesor h6&@3IPh nWirn, diosatEr amétdel y synt hesi zi ng any of the

nol ecul ar sieves discussed above, typically one or nore chem cal reagents

are added t ol00R8] crysNentlimiing opxapiese of demplatingcagents aelvdsy teiraplyl
crystallizat] AReR R RpRih s;‘,‘#{cﬁggfgggﬂs%%reo?rsﬁéﬁ R8RbYar QIR Ehionicht ' O Y-

in anot her efBl
compounds including salts thereof. The preferred templating agent or template is a

tetraethylammonium compound, tetracthyl ammonium hydroxide (TEAOH) and
salts thereof, particularly when producing 2 SAPO molecular sieve.

Flocculants

[0030] When commercially synthesizing any of the molecular sieves
discussed above, typically one or more chemical reagents are added to the
crystallization vessel or synthesis reactor after crystallization is substantially
complete, preferably complete. Optionally, in another embodiment, the synthesis
mixture is transferred to another vessel separate from the reaction vessel or the
vessel in which crystallization occurs, and a flocculant is then added to this other
vessel from which the crystalline molecular sieve is ultimately recovered. These
chemical reagents or flocculants are used to increase the recovery rate of the
molecular sieve crystals and increase the yield of the synthesized molecular sieve
crystals. While not wishing to be bound to any particular theory, these flocculants
act either as (1) a surface charge modifier that results in the agglomeration of very
small particles into larger aggregates of molecular sieve particles; or (2) surface

anchors that bridge many small particles to form aggregates of molecular sieve



m xture is transferred to another vessel separate fromthe reaction vessel
or the wvessel in which crystallization occurs, and a flocculant is then
added to this other vessel fromwhich tB8e crystalline n%l C I%r sjeve is
ul ti mat eWO 2W6@¥H3#8d. These chenical reagents or f1 occdl Jﬁiﬁo%@éﬁﬁged to

I ncrease the recovery rate of the nvolecular sieve crystals and increase the
yield of the synthesized nol ecul ar sieve crystals. Wiile not wishing to be
bound to anypgéiclesc Tharagiiegatey of theanaletulacsieieanystals aretthen edsily recoveidd a
surface charge nodifier that results in the aggloneration of very snall
particl es i neyweHdgemndegimiqyes sachys ﬁ%ﬁﬂ%@wathr@igh@éﬂﬁﬁamsepw%%r (2)
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wel | known tec nlques suc as filtrationh or through a | ter press process.

[ 00311 Fl occdisantad abovebdnanieedntaidiraent, focoudantuare mddead twm niolerajar gidver
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Sour 6, 5 pHEuto PRI DT Butbe aig MR A e eBEndIRE B Bhe P00
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enbodi nent, the flocculant is added to the synthesis m xture after

crystalli 2 atéadded has the synthesis f mixtireh after: emystaibzation bis oveured fume the a
silicon source,, a phos hor ous source, a al um num source, and a tenplating
J cRPEPero
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additional fTocc nt 1's use r aggregate any renai

synt hesi zed rgpdweged 8y filirsiich, fHoweveheoptiofially] the rsynthesizdd hi@%c&léﬁtsml i8
m xture. [00321 There are many ti/ pes of flocculants both inorganic and
organic fl ovashedrans addigenpdnflecculapt dsilused §0aﬁletherypgmgat9 aplyuremAIRINGr i ron
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sul fate |umS| | cate ated si | or cas es of

fl occul ant s fifceulafitk) Inongammﬁ:odcblantsmranypxcdlmalumnnmmbe;ropcﬁa}teﬂmtlfem oxi de,

pol yacryl am de (PAI\?; partially, hydrolyzed .o
insoluble ydrox1de precipitates in water. Non-limiting examples such as

aluminum sulfate, poly (aluminum chloride), sodium aluminate, iron (III)-
chloride, sulfate, and sulfate-chloride, iron (II) sulfate, and sodium silicate
(activated silica). The major classes of flocculants are: (1) nonionic flocculant, for
example, polyethylene oxide, polyacrylamide (PAM), partiaily hydrolyzed
polyacrylamide (HPAM), and dextran; (2) cationic flocculant, for example,
polyethyleneimine (PEI), polyacrylamide-co-trimethylammonium, ethyl methyl
acrylate chloride (PFTAMC), and poly (N-methyl-4-vinylpyridinium iodide); and
(3) anionic flocculant, for example, poly (sodium acrylate), dextran sulfates, alum
(aluminum sulfate), and/or high molecular weight ligninsulfonates prepared by a
condensation reaction of formaldehyde with ligninsulfonates, and polyacrylamide.
In a preferred embodiment, where the synthesis mixture includes the presence of
water, it is preferable that the flocculant used is water soluble. Additional
information on flocculation is discussed in T.C. Patton, Paint Flow and Pigment

Dispersion-A Rheological Approach to Coating and Ink Technology, 2nd Edition,



pol yacryl am de (HPAM, and dextran; (2) cationic flocculant, for exanple,

pol yet hyl enei m ne (PEl), polyacryl am de-co-trinethylanunoni um ethyl nethyl
acrylate chloride (PTAMC), and poly (N-g®thyl -4-vinyl pyridiniumiodide); and
(3) ani oniwo pdosatathant, for exanple, poly (sodi um acryl arerussiRxiicam

sul fates, alum (alum numsulfate), and/or high nol ecul ar wei ght
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nmol ecul ar si gve uct vield, nore pr.eferabl from0.05 to % based on
expect ed sol ﬁamrgﬁéigq,?gf%l?aé%owm syﬁgmlgqqlprf&ve PB‘?@FE@F&%@’&F ment, it
is preferabl t : duyc ' to

obt o n ol ettEertRRREAMES pRAHEN BRNObrodilC Al hafSF Boofialtife) 10

and 10: 1. Codithted ¥ obtabieh wekimd bfeprodactushirns tauvslimand fidteulbhioebdtasén i s al so
preferred. One can recover the floccul ated sieve start iqr;&pf romthe total
m xture by kérodi¥0uhatioed naixinghetwean; the perdushelugy and theollpachlankisxalsg e t o

séttle, decant.the liquid, re-slurr it h r. eyvent.ual repeat edl y
docant and. rECErEy il ool i Hobshudl) Bebfbahine R ot miF BRI ol on.
The sett!|i nguedirifubRicH SMALERsh SrodiR chh ATbW POREuFeGo setelY SdechRWRY Biuid! he
settling can be accel erated by addi ng additional fl occul ant. The fioccul ant

is typicall yressfitepwith wites, stantually aepeatsdly deeagend rerslarry zand firglly peaoiver abl y
added a5 2 Sl L oRShoul f2c01 i TLecul AR be Ueet, et LS o epar ed
D o oo il PGB Gl KOBR Gl BB s P BT o0
The flocculant is typically added to the slury at room temperature, and is
preferably added as a solution. Should a solid flocculant be used then it is
preferable that a substantially homogeneous flocculant solution is prepared by
dissolving the solid flocculant in 2 medium.
[0034] In one preferred embodiment, the flocculant is a polymeric imine
such as polyethyleneimine. In another preferred embodiment, the flocculant is
represented by the formula: (R-NH),, where (R-NH) is a polymeric or monomeric
unit where R contains from 1 to 20 carbon atoms, preferably from 1 to 10 carbon
atoms, more preferably from 1 to 6 carbon atoms, and most preferably from 1 to 4
carbon atoms; x is an integer from 1 to 500,000.
[0035] In yet another embodiment, the flocculant is a polyethylenimine
that is represented by the following general formula: (-NHCH>CHz-)n-
N(CH,CH,;NH,)}CH>CH;-],), wherein m is from 10 to 20,000, and n is from 0 to
2,000, preferably from 1 to 2000.

[0036] In another embodiment, the flocculant of the invention, preferably a

polyethyleneimine, has an average molecular weight from about 500 to about



such as pol yethyl eneimi ne. In another preferred enbodi nent, the floccul ant
Is represented by the formula: (R NH),,, where (R-NH) is a polyneric or

nononeri c ' e R contains from 1140 20 carbon atons referably from
1to 10 cg/r(ggiqknﬁg , nmore preferably from!| to 6 car boﬁc'&‘ﬁlg%’”%ﬁi@f’ most

preferably from1 to 4 carbon atonms; Xx is an integer from1 to 500, 000.
[00351 In yet another embodiment, the flocculant is a polyethyl enimne that

i s represent hﬂO(}bQOQ rmeﬂerﬂbll)oﬁpngalgmh ¢0.800 to ﬂbnnta800@0ﬂﬂ—mHMf¢aﬁly from

N(CHZCHZNHZ) whe from 0 t.0 fromO to
2,000, pref e ngﬁb%% ebeyy r’%‘g Hﬁqméﬁﬂwd?ﬂ o ghout

fI occul ant I nvention, pref erably a poI yet hyl enei m ne, has an average
mol ecul ar wei'ght from about 500 to about 14 WO 2005/113145

PCT/ US2005/ 0[?))63‘ﬂ9N6n-ﬂ>ﬁﬁnﬂQ0 exaimplesr abf y pblyeyRhimine 10f1661ane abwiitde800, 000,
nore preferabl y from about 20, 000 to about 750,000, and nost preferably
from about SWidderohyiriihomodifigh, polye ybem}le,r\roﬁhr}xmtﬁi ng)otbs@

pol yet hyl eni m,ne fl.occul ant | ncl ;ﬁgeﬂ ic dri n

pol yet hyl eni RRLYECPYF WW at ﬂwﬂg mﬁh‘gb lll)yprc? I ?ﬁt‘ﬁ’é‘% am ne
dendri mers (j@4B Py, 4! 0 20t AL CHRCHGS R R, RBLY po

(1, 2-di hydro-2,72, -trrrre yll(;qu#nglrne) ar%g o, POty

(di et hyl am(ﬂﬁnﬁhylmmembbddmhydnm-cetetmﬂmdﬂmm)ne) [0038] In one
enbodi ment, the flocculant is in an a solution, preferably an aqueous

sol ution. | A9838lur t heringmssantodiment; the floceplantiia it an ﬁS‘tﬂHEO'adH@fG{?b %& uti on

s diluted e t It has
been found%ﬁ?‘ygadwﬁﬁltol O%ﬁ%}fﬁi{tﬁ% éﬁg?ﬂ%@rthgﬁlgggﬁs ﬁ%rdf: %@8?‘%&?@@% one
recovered usi@nd vikle atdranWithiteeaid BordidseUnytdatticuddr thésyMRIASBeaf Sieve
in the slurry. This benefit provides for a further | mprovenent in yield,

and al | ows ffound thet dilutranyoft the nmletudamettvefsmyapre&muudmd recavered usingtd ne.
(0039] A synthesis mxture,.co | Si cul ar .si.ev and . fl ocgul ant
has a pH de ?lﬁﬁt BFFVENS dd%?ﬁﬁ@@flﬂf@% ’S‘Pim 5V e i e shary si is) '?Fnﬁﬁbr ef erred

enbodi ment, y Eiﬁl‘tﬁ?r tdemdifth ReRMahdalidis fRM88s] ft 88%stor
preferably i'n éﬂr&aﬁge 0 r%ﬂ;’ome?] Qflean rr%lst pr ef er?ab ‘rsn t e range of
fromb5 for an extended period of time.

[0039] A synthesis mixture comprising a molecular sieve and a flocculant

has a pH depending on the composition of the molecular sieve. In a preferred
embodiment, the synthesis mixture has a pH in the range of from 2 to 10,
preferably in the range of from 4 to 9, and most preferably in the range of from 5
to 8. Generally, the synthesis mixture is sealed in a vessel and heated, preferably
under autogenous pressure, to a temperature in the range of from about 80°C to
about 250°C, and more preferably from about 150°C to about 180°C. The time
required to form the crystalline molecular sieve is typically from immediately up
to several weeks, the duration of which is usnally dependent on the temperature;
the higher the temperature the shorter the duration. Typically, the crystalline
molecular sieve preduct is formed, usually in a slurty state, and then a flocculant is
introduced to this slurry, the synthesis mixture. The crystalline molecular sieve is
then recovered by any standard technique well known in the art, for example
centrifugation or filtration. Alternatively, in another embodiment, the flocculant is
introduced into the synthesis mixture directly.



to 8. Generally, the synthesis mxture is sealed in a vessel and heated,
preferably wunder autogenous pressure, to a tenperature in the range of from
about 80C to about 250C, and nore prefasably from about 150C to about 180C.
The time WeEMHH4Eo formthe crystalline nolecul ar sieweTius2008pitexad |y from
I medi ately up to several weeks, the duration of which is usually dependent
on the tenperature; the higher the tenperature the shorter the duration.
Typi cal ly, theoqoyst al IDA@min@lcacfitEe p&t@M e Tiduid or Iquidfidaim AeUmEl Y in a
slurry state, and then a flocculant is introduced to this slurry, the

synt hesi s ni pewentagdhe floegpdand|ani/ee teraplateon purpoesseofi this pat specificatioad by any

st andard techni que LI .known in.the ar for .ex | e ntrifugati on or
Filtration AP dpRendes eiayms tes, A Aterat invanioh Angivts (FGRL beelniih o8
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“medi um and t bampleepaneoi adgéabaf TGHIAd cMianbalamd/ avaitablepframeClloy Instrupears of
this patent specification and_appended clainms uses a Thermal G avinetric
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M crobal ance ! nstrument’, nc., rri t0S
During the TEROUEEIS Getrs 8r theMtRf waikht 6€ /AR kafnPlPbecopids JAStatkS €dhe The
sanple is then heated from25C to 180C at 30 & mn, held at 180C for 3

hours or unt ieightdosadhgpercatftagehiosthe stapling inolaonies sicve giatanial isTthen treatieght | oss
the percentage to the starfjng.nolecylar, sieve rial 1s then treated as
the percent ag% they P‘?rﬁg‘t?'geqﬁf @egllquu% (?ﬁili’(ﬂuﬁjeﬁ’re H\I’Jgﬁtﬂ)‘gﬁftﬁlﬂﬁ?ﬂﬂ e SHBPlgdipl e i s
heated at 30 ) @f@(‘t o & S.mFhi S

wei ght | oss %ﬁ%@%{e?@r{@g?ﬁlt e OO?I@%? g@ﬁ%%%ﬁ%%i%ﬁ?%@?#’rﬁg F{%Ps

treat nent i sweighydossas agrrdchtageoll gie originsl sampldweeightihiridg this tegement idhe t ot al

wei ght | oss as a _percent a&e; in ternms of the original first sanple weight
during this &gerded asche waighitlpwsnef the templafipg agent] oEhe tofal |vighehtiless g0 ) .

[0041] In ong_enhodi he t | sol r..se s rystal l | ne uct,

t he synt hesi E%raglﬁ%eeghre%@ssqqgt\l}%,oﬂgg&a\?&g eS, P?@B&@ql(ﬁymé itﬁ‘(j %‘Q’f‘? %ﬁg such as
water, frommeatehfisided ddMisss-Cii-Ignftich (£T).- conti nuous or continuous way
for variable Ilengths of time. The washed crystalline product is then

optional |y dfaodd] In one embodiment, the isolated or separated crystalline product,

the synthesized molecular sieve, is washed, typically using a liquid such as water,
from one to many times, or in a semi-continuous or continuous way for variable
lengths of time. The washed crystalline product is then optionally dried,
preferably in air to a Ievel such that the resulting, partially dred or dried
i crystalline product or synthesized molecular sieve has a LOI in the range of from
about 0 weight percent to about 80 weight percent, preferably the range is from
about greater than 1 weight percent to about 80 weight percent, more preferably
from about 10 weight percent to about 70 weight percent, even more preferably
from about 20 to about 60 weight percent, and most preferably from about 40
weight percent to about 60 weight percent. This liquid containing crystalline
product, synthesized molecular sieve or wet filtercake, is then used below in the
formulation of the molecular sieve catalyst composition of the invention.
[0042] The amount of flocculant introduced to the reactor vessel depends
on the quantity of molecular sieve being recovered, the type of molecular sieve,

the pH of the synthssis mixture, etc. In one embodiment, the amount of molecular



preferably in air to a level such that the resulting, partially dried or
dried crystalline product or synthesi zgg nol ecul ar sieve has a LA in the
range of N 0 wei ght percent to”about 80 wei ght percent ref erably
t he range{‘{ogm ?@%W%bout greater than 1 wei ght percent tB‘?E(H&?PS’@’é?%ei ght
percent, nore preferably from about 10 wei ght percent to about 70 wei ght
percent, even nore preferably from about 20 _to about 60 weight percent, and
nost pr ef er aBi€¥e reeayarethishe rmegeditom bt d8A Kz o abeut 20,800 i qsiareatess cent .
This liquid contai,ni.ng cryst LN uGt 4 l.ecul ar sieve or
wet filter ca@rgferi%slytnﬁglr?_ i edoallb%‘%’lg\?v_spﬁ{é) g’eaGDOP to‘?%ﬁ?@?%bﬁl%g? P eﬁ%&#}s%@%l ar

si eve cat al YsHouf 300GSs td MR 201000 KAVATH s preRPM) FbhE aBeRUDDO K g §d occul ant
introduced to the reactor vessel depends on the quantity of nolecul ar sieve
bei ng recoveabtmuf 206600t Yige df anothec dnabodsente the tréaetqyHveskelt fsecapahlehofi s

m xture, etc. In one enbodi nment, the amount of | ecul ar 16 . WD 2005/ 113145
PCT/ US2005/ CFY8esizEiecAeam b ob modecnir sive Inspnigebatan qnab ARe Boiein RY2REE t o about

20, 000 K , inAn b t
20, 000 Ko, ° o8t 100 BEECARR Yol WiEer BRER Srefele D ERlelihaCanBBEL"
preferably f730nKahe dbowkCONISIK E Omortituferably B0 dout 500 Rpabhdbuter®osh ment

the reactor vessel is capable of synthesizing an anmount of nol ecul ar sieve
i n one bat crKgrandtmaest praférablyifrom hboutdﬂg%KgrtmgmaB&ﬂOOI@ Kg to about 20, 000
Kg or greateyr, . preferabl, 3 250 Kg to about 20, 000 Kg,

nore pref er aBRBY £2.3h U5 and nost preferably

4 5 _.‘" e
from about Kg t < NEt o%,r&&r- Kj r,.ol eve
Cat al yst Co#gg%f]t i ons ?g 4 g?ﬁ@gapﬁg Slm) e{(%u ar ss}%@eh?g Hsggdn?%g{selazg% and

heat treat ediea&ibedesissviep ddperidinte ondibperediifgnais tofiethe giuiicudare bériveiod he
particul ar conversion process, the nolecular sieve is then fornulated into
a nol ecul ar pspesss batmolpenlar sigygp s thenolermplated; inta armelegar sigversatalyst use.

Th I I i e t i zed b d f | at ed..i nt
ol ecul ar - BUPORLon: EReRE S sriReh) SEorme b e e e
ol ecul ar SigByed Ske a8 G AHklAd S0P RAulah e8! datatydt EtiuRBiiot by 2
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bi nder, and optionally, but preferably, with a matrix " material to forma
formul at ed noinbinihg rthe isenthesizddainpddculao rspayvs(s),i preferatily hadier ey thermallyt hat
phen ther Ml died, Wit & Binder and Sptionally, bat preferably, with a matrin materal fo 0" <" ¢
form a formulated molecular sieve catalyst composition. It has been found that
when thermally treating a synthesized molecular sieve having been recovered in
the presence of a flocculant, prior to formulation, maintains or improves the
formulated molecular sieve catalyst composition's resistance to atirition in various
conversion processes.
[0044] This formulated composition is formed into useful shape and sized
particles by well-known techniques such as spray drying, pelletizing, extrusion,
and the like, spray drying being the most preferred. It is also preferred that after
spray drying for example that the formulated molecular sieve catalyst composition
is then calcined.
[0045] There are many different binders that are useful in forming the
molecular sieve catalyst composition, Non-limiting examples of binders that are
useful alone or in combination include various types of hydrated alumina, silicas,

and/or other inorganic oxide sol. One preferred alumina containing sol is

aluminum chlorhydrate. The inorganic oxide sol acts like glue binding the



the presence of a flocculant, prior to formnulation, maintains or inproves
the fornul ated nol ecul ar sieve catal yst conposition's resistance to
attrition in various conversion processés. [0044] This fornul ated
conposi ti avo eesfiesed i nto useful shape and sized parti ECFUSRYOIMR199 kKnown
techni ques such as spray drying, pelletizing, extrusion, and the like,
spray drying being the nost preferred. It is also preferred that after
spray dryi ngsfhespzeimilofeculbatsidvds shardthiéramattriall &l 2 ths | @ueixCRigathyst
conposition s then calcined. [0045] There are nmany different Dbinders that
are useful i pattiontarkygafi¢rethenmhleredtment| dvpor: eatings tthe angrgeme | @ide sol,

Non-limting exanpl es of binders that.are sefyl alone or in.comhi.nation
i'ncl ude vari efg@é(ega‘g?g ﬁy@?"a?’éﬁosgp’u’rﬁ ?‘Pdl,velg?cfiuﬁﬁsafl IOFEARIS, PR Ao gani ¢

oxi de sol . rr ' L isOwiP lcobsert & meaﬁlegihﬁm ydrate.
The inorganiog&ongés]?erﬁsof&a%agﬂﬁlgiaépg ue biSndi ngc?he 17 WO 2005/ 1%1%5

PCT/ US2005/ Ok faljowihg heat exdammdnecul ar si eves and other naterials such as
the matrix together, particularly after therpmal treatnent. Upon heati ng,

t he inorgani 088l de solAluminuse eetdprbyduatey i #ghwdrexsdated slwminyn hased ospler t ed
i nt i i . oxid j t. Le, L uni | will
convert o afbHRTM B ofPHEE R ofoPowithg hiat® ER S ne e8]
Al umi hi : _ t ' : i Qi

uni num c mmgoﬁmlﬁ%@%jwﬁ%ﬁ rﬁlds awﬁo,lrwmga%gde rl%gl(to 48P t'&'ﬁgo)a

chl oride counteéer 1on, has e general fornula o OH)od p x(

wherein m i sardd £ @s @6 30 Irsonk dntbodjment] the Hirtder %0AL 1D{GHR.Eb 128,O)asdsx is 0
to 30. I n one enbodi, t, .the binder isgﬁl 304( OH) élCCj-7- 12(H20) as is

descri bed i ndescrbe oltexmany et algSipg. Sgﬂfigﬁfﬁl-@e Calglg 76apages, 1086, pages
105- 144 (19 hChi & -herein. | eter er

enbodi nent , ?%%E‘%}d‘ﬁ’%ﬁa‘?g‘eﬁ‘ﬁ%ﬁ’%@%@g,%3&8 o‘r:é'nglﬁful? {/{ﬁgro?#ﬁl??cgﬁ%bal um num

oxi de,  opti gRalinderd dréldalashiO¥Blss | preddifinahtly Yedmpaiieh alumtiitRdiored,, the
binders are peptized alum na made by treating al um na hydrates such as
pseudoboheni optjonaily Hncladingciothe ghedrer blygt anpthesi amhddimentode bindersameai n a

hal ogen, to prepare, sats or, .,alumn ion,sqlutions. Nonslimtin anpl es
of pgmrer ci aﬁquzaéalm? @ad%By Frg‘irl?ﬂ’éluarpl l*wgrageg!(sgc m%&@ﬁqﬁ%@i}egﬁ{% ™
avai | abl e fram, Nal 6667 £Rhci®hat does not contain a halogen, to prepare sols or

aluminum ion solutions. Non-limiting examples of commercially available

colloidal alumina sols include Naico 8676 available from Nalco Chemical Co.,
Naperville, Illinois, and Nyacol AIL20DW, available from Nyacol Nano
Technologies, Inc., Ashland, Massachusetts.

[0047] The synthesized molecular sieves described above, in a preferred
embodiment, is combined with a binder and one or more mairix material(s).
Matrix materials are typically effective in reducing overall catalyst cost, act as
thermal sinks assisting in shielding heat from the catalyst composition for example
during regeneration, densifying the catalyst composition, increasing catalyst
strength such as crush strength and attrition resistance, and to control the rate of
conversion in a particular process.

[0048] Non-limiting examples of matrix materials include one or more of:
rare earth metals, non-active, metal oxides including titania, zirconia, magnesia,
thoria, beryllia, quartz, silica or sols, and mixtures thereof, for example silica-
magnesia, silica-zirconia, silica-titania, silica-alumina and silica-alumina-thoria.

In an embodiment, matrix materials are natural clays such as those from the



Naperville, Illinois, and Nyacol AL20DW available from Nyacol Nano

Technol ogi es, Inc., Ashl and, I\/assachusetltés. [ 0047] The synt hesi zed nol ecul ar
si eves de Lhe jove, in a preferred nbodi nent, is c ined with a

bi nder anﬁﬁé%@:@tjmﬁ%re matrix material (s). Matrix nat erﬁ’ TLUSHPE0ASP cal |y
effective in reducing overall catalyst cost, act as thermal sinks assisting
I n shielding heat fromthe catalyst conpgsition for exa e _duri

|
r egener at i on fanuidigs pf popgnemionitsiand \kaeln, okhhess natugy clays é?‘ggg"r F?é’b‘éfﬁf"gg@;ss t

strength such cr - Sty t | td: [ n trol the
rate of conv (?g?ogﬁ%?“?nh%s kﬁg’r |%ﬂlq:§?e pr (i:éé?slgﬁ[ W%O?\%Df%gg?é\ghg@ npl es of
matrix natergpls TNehedmteaRndt, HeBatfik mateddle pR&rhbly @ iyodSihe rumys,laﬁiei ve,

metal oxides including titania, zirconia, magnesia, thoria, beryllia,
quartz, sili eabjented td welldauwwn miodifmstioth prosedses Such ex aalpingtien lahd/ar actdgnesi a,

silica-zirconia, silica-tjtani silica-alum na. and sili,ca-al um na-thori a.
h e erbods Hemtmenhandpy chemerl bramene Pl Sreray eneRimas BRGSETK, om (he
1s WO 2005/ . S : N ' ' kaol i n.
These natur aﬁﬁjgéfﬁﬁﬂﬁ%gg@%gﬁgﬁ ?‘ g%sﬁé gﬁ&%ﬁa@g@t&ﬁﬁ;{% Hﬁgr&(otrﬁlg\%nel&gs, for
exanpl e, Di x08, uifdlapee:; 0.69ah With 8w, Fdridle dize distaystion Bf (e tiembadunent, the

matrix material, preferably any of the clays, are subjected to well known
nodi fi cati on#x ocesses such as cal cination and/or acid treatnent and/or

chem cal tregt t. In_one preferred di nent, .t he trix, materigl is
ool n par ¢ TOUPr iy KLEORORENG iR Srad Sitrened Roieriiar e bduc 0. 1
mto about O Lt -9 LGl b kSt R ' f ﬂ.lﬁﬁggabout 1
m [ 00491 Upgl% Iﬁ%ﬁ#%irﬂn?tg%ﬂi etﬂﬁ%&?%{l?lei?égelg%tﬁ%fg?%ﬂgﬁf%%l ae%:]mr si eve and
the matrix npdeésratdly rigopdusonatihy, s hdeded o poi@duce i n substamyiailgh Homdgengoua sl urry,
m xing, preferably rigorous mxing, is needed to produce a_substantially
homogeneous MiFtREe FtHEBINGADR] gt tisated symthesizad meleppiar Haeve; e NoRdIRIEDE ar

sieve. Non-Iljmti | 1.ab ui ds...nel u

combi nati on %’%rg_m alélgf’f %gﬁ%%ifqu %Skg’t%gqugs%n%a+ljdgh%/° s'}l,lgtgoﬁ]dggrv?%%t gagcso.ﬁ?l’rhe_ nost
preferred |igdthsbsi aldeRydRE, andlo©Bferse MHRIMIBNbreférRRl Hlkidr ¥ Whte€O/h @hd-m | | ed
for a period of tinme sufficient to produce the desired slurry texture,

sub- parti cl eersbodimenty theosluzy is- qedioid-miiléedsfor @ pdiied of tinte swfficient to produce
the desired slurry texture, sub-particle size, and/or sub-particle size distribution.

[0050] The liquid containing the heat treated synthesized molecular sieve
and matrix material, and the optional binder, are in the same or different liquid,
and are combined in any order, together, simultaneously, sequentially, or a
combination thereof. In the preferred embodiment, the same liquid, preferably
water is used. |

[0051] In one embodiment, the weight ratio of the binder to the molecular
sieve is in the range of from about 0.1 to 0.5, more preferably in the range of from
0.11 to 0.48, even more preferably from 0.12 to about 0.45, yet even more
preferably from 0.13 to less than 0.45, and most preferably in the range of from
0.15 to about 0.4. See for example U.S. Patent Application No. 10/178,455 filed
June 24, 2002, which is herein fully incorporated by reference.

[0052) The molecular sieve catalyst composition particles contains some
water, templating agent or other liquid components, therefore, the weight percents
that describe the solid content in the slurry are preferably expressed in terms

exclusive of the amount of water, templating agent and/or other liquid contained



[ 0050] The liquid containing the heat treated synthesized nol ecul ar sieve
and matrix material, and the optional binder, are in the sane or different
liquid, and are conmbined in any order, t®gether, simultaneously,

sequent i al WP 208318145 onbi nati on thereof. In the preferredCrrbsmismEisy t he
sanme liquid, preferably water is used. [0051] In one enbodi nent, the weight
ratio of the binder to the nolecular sieve is in the range of from about
0.1 to 0.5, npfkinAhebatieRl YTHe mbiteprefenge cofiditio® for Medshrin® s@lidbSontneis nor e
preferably fromO0.12 to about 0.45, yet even nore preferably fromO0.13 to

| ess than 0. 48 a galdined desip asffer exAnyplp.nastmeasueaddy e LIQIgrpceguliesdisenssdsout 0. 4.
See for exanple U. Pat.ent licati.o . .10/.178, 455 filed..June 24, 2002,
“which is her eqbﬁv§.uﬁv F‘ﬂﬁ'ﬂ?‘?)ﬁ?ﬁ%éﬁe Bvli]%ql}lg?rgﬁ%&e %%ﬁor?ﬁgeﬂm%@u% si eve
catal yst co oL ] ' i : ; I ' or

ot her 1i qui gr}gglgglggf;ﬁlteg% %?‘ﬁiﬁ?‘grﬁ %ﬁpﬁ%ﬁtmﬁ?gm% ﬁg{mg%(gg%e t he
"sol i d cont entpercent he welight to/4Bparcemtdiveraphtymelepulessedt, 5 petcenintsy weight 1esi ve of

t he amount of_ water, tenplatjng gggnt and/or other liquid contained 19 WO
2005/ 113145 Pémaresabby bt bindgs, apd fromyboyh?¢ percent byyeighi de SPpercenthyy
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basi's, the sali§ 20g0bE28ipublidiRdTatkidry 2312003, SEH & ibeain Yullyt inorpBRatecul ar

sieve catal yst conposition particles 1n the slurry, are from about 20
percent by wdiygefer¢erwe45 percent by wei ght nol ecul ar sieve, 5 percent by

wei ght to 20 _percent hy weight binder, and from about 30 percent by wei ght
to 80 percentw@@ﬁ wei glIJ\(P ABRHRPIX eﬁﬁl"gﬂ‘%ﬂtz tg%eh%ru%“rﬁ@e‘iﬁ‘g. SEAP ekt
Application Publ:cat Q8L mﬂn? r 03,
which is her e#%lbﬁl&l%l ?ﬂ?ﬁ(@%}dﬁg@%@? é@y re% %ﬁgﬁfée. ghg%%riﬁ%\%ﬁatﬁ%tftﬁgpﬁo
enbodi ment, tdfethbediirry Heabevt oP/tRtow ahe Sb@¥etrics poim®rodi the dmwletfilan skeveder

and/or a matrix material formng a sl urroi/ such_that the pH of the slurry is
above or bel Greferably dweslany compsisehtheomotagslamsicyeibgrbisdeavand thermpleixabl vy t he

I ' .t.h I I ' he bi ' I al
and has o pHSRERUABARE: ¢ B AfEeCEn HaRsd: SRk, BlerelT B A RPN o
: Eg gﬁl ecul anp&hRYRulak Sevd)RAshd@d R maRIY hkteFBE Gh a8 lembbBinddht, aADGHT Ment

of the slurry is in the range of from 2 to 7, preferably from 2.3 to 6.2; the IEP of
the molecular sieve is in the range of from 2.5 to less than 7, preferably from about
3.5 to 6.5; the IEP of the binder is greater than 10; and the IEP of the matrix
material is less than 2. See PCT Patent Publication WO 03/000412 A1 published
January 3, 2003, which is herein fully incorporated by reference.

.; [0054] As the slurry is mixed, the solids in the slurry aggregate preferably
fo a point where the slurry contains solid molecular sieve catalyst composition
particles. 1f is preferable that these particles are small and have a uniform size
distribution such that the dgp diameter of these particles is less than 20 um,
preferably less than 15 pm, more preferably less than 10 ym, and most preferably
about 7 pum. The dg for purposes of this patent application and appended claims
means that 90 percent by volume of the particles in the slurry have a particie
diameter lower than the dgy value. For the purposes of this definition, the particle
size distribution used to define the dgp is measured using well known laser
scattering techniques using a Honeywell (Microtrac Model 3000 particle size
analyzer from Microtrac, Inc., Largo, Florida).



of the slurry is in the range of from2 to 7, preferably from2.3 to 6. 2;
the 1EP of the nolecular sieve is in thz% range of from2.5 to |less than 7,
preferably fromabout 3.5 to 6.5; the I€€P of the bindergA t han 10;
and the MP2M5HAESmatrix material is |less than 2. See Pﬁ}éi?%@&ég{”
Publ i cati on WO 03/000412 Al published January 3, 2003, which is herein
fully incorporated by reference. [00541 As the slurry is mxed, the solids

in the sl urr 008§ egat dnpmsresbgdiment; the slurpy pf thgypthiesiged molgeplar sisieai ns

solid nol ecul ar, si eye cat al y.st. {C. bt LGl |t s ref.erabl e t hat
these parti cllbérédeglﬂggéﬂéwa}gﬁtﬁnﬂa@%?%tﬁ% ?IE)}PFn&)g(i[; tzagl%e‘gelsgts}l?%cfnlt&n SER t hat
the d9o di angfuery 6f shb9aftichd b1 elecolctulafSsevehadalg EBmpRitieicA Bhrkn ls€SS than
15 m nore preférably I'ess than 10 m and nost preferably about 7 m The
d9o for purpdsemlaion komppsitiemtthappl themtfedho anorayppe mdddthet pradecesntigns t hat

90 percent by vol une of thelgsirticles.in tt}e sl.urry h article

ve a
di amet er | onSiol¢ gigue fatalysh | coapogilion; ol ?)‘E‘F‘HB%ST’]B%CFIHT Igy&t fatalyston, t he

particle si LSt p 1 but t ' ' r | wel |
fnown | aser Conbdlibhoui pReRa AnitahB, (e ftin R0 H! S0 BERE, 500
particle siz&ypiraRY,ytherfofthing) Micisohtiatindd®. a tdmapg@urd-hiiffitida) to APhovaD

2005/ 113145 PCT/ US2005/ 016199 [0055] In one enbodinent, the slurry of the
synt hesi zed meiseelithgrligiiditem theishasy auth Gomethe resulngompleculas sinveceatalyst ni | | ed

to achieve a suffi.cien uniform slurry of. sub-particles af the nolecular
S eve cat al ySOPRORBHE] (10 TERTFRISE Sobhesiat FER IO BEL 1 HEh WeRdEPs ¢ hen
fed to a former}?nﬁr&f?njgﬁgﬁh&fsgduces the nolecular sieve catalyst

ated no

conposition or fornu ecul ar sieve catalyst conposition. In a

preferred enfofdohent, tWkerd ospraydrierris tisedsasahsforamynghmie typicallypameddeyor t he
formng unit is maintained at a tenperature sufficient_to renove nost of

the |iquid f#&embmation of the shiyges deseriberh abees, marp partiqulasly) & shayerfetbeat al yst

qut ¢ ! ARANN _ 5t p e
Cakbs. the i SPesiZeR nblotfial BE0L KRArEOHRER M, w8 BIRED {soERY, bt By o™ e
form ng unit grybyRithal ddingBd% WIE aﬁ”avelﬁ%tgﬁﬂ&i telﬁhe@ﬁu@hﬂglﬂlﬁg ﬁbilﬁridoeé tgescri bed

above, nore particularly @ slurry of t synt '

esi zed molecul ar sieve,

mat ri x mat er 550°C, andla kbmbiared outletitempadturorangmgIpomy 00T seesbout 225°€. dayi ng gas

wth an averg? eenilgcldeirtne;[lt? rrHleer %grzrtg% rd?aq]g]étgrg Jf ' ?hrer,] 238339 Elroied formed catalyst
composition is from about 40 um to about 300 um, preferably from about 50 ym
to about 250 pm, more preferably from about 50 um to about 200 pm, and most
preferably from about 65 pm to about 90 um.
[0057] During spray drying, the slurry is passed through a nozzle
distributing the slurry into small droplets, resembling an aerosol spray into a
drying chamber. Atomization is achieved by forcing the siurry through a single
nozzle or multiple nozzles with a pressure drop in the range of from 100 psia to
1000 psia (690 kPaa to 6895 kPaa). In another embodiment, the slurry is co-fed
through a single nozzle or multiple nozzles along with an atomization fluid such
as air, steam, flue gas, or any other suitable gas. Generally, the size of the
microspheres is conirolled to some extent by the solids content of the slurry.
However, control of the size of the catalyst composition and its spherical
characteristics are controllable by varying the slurry feed properties and conditions

of atomization.



550C, and a conbined outlet tenperature ranging from 100C to about 225C. In
an enbodi nent, the average dianeter of the spray dried forned catal yst
conposition is fromabout 40 mto about 800 m preferably from about 50 m
to about 28O W preferably from about 50 mto about PXTUEHSM69 DSt
preferably fromabout 65 mto about 90 pm [0057] During spray drying, the
slurry is passed through a nozzle distributing the slurry into small

dropl ets, resj@ob8]i ng anOder asthodsfoaformitgra molaniar sgve watabat compasitionat i on i s
achieved by forcing the slurry thrg’ugh §qfi ngle . nozzle or nmultiple nozzles
with a pressusdesdgd ihUshé'akeahble- 8,072 dhsPBy douipg upige ateoslsdardleqwyo kpPaa
to 6895 kPaa),. i . ' - t hrough a single
‘nozzl e or nulﬁ%{%g%%&?{?ﬁég&%ﬁ?@f%%ﬁ&ﬁ %%&g?%&#é%ﬁe%ﬁ&%fe “Guch as ai r,

steam flue gags9jor anyInOhhgrefeﬂadt albedifRbt, deethel hvlecuie siéveecahlytihe
m crospheres is controlled to sone extent by the solids content of "the

“slurry. Howepsmpositiont isoformeds be fuither kerdanh end/ax attyeate dhenfosnad oaalysid its
oroper es ardTBReD: Biscpralr Sutbolellaneve Sl Gupehsitom dstomtiated
. o Se o ey BRI st sl DI BG Bin B,
dryi ng using ae ietheahage obfremudtdut 560°€ve dbaunBYC, endpesteiabntom\wbowth i s

herei n incor por at ed by ref erence. [0059] In a preferred enbodi nent, once the
nol ecul ar si M8°Calcarhart 7W5EpaseieTably it af enleination envigenmatt sygh chsnatand/ or

activate the f.orned talyst conposition, the spray dried molecul ar sieve
cat al yst conﬂB@?geintJnﬁ%M’o?lHﬁl &% CorH%lfsglgﬁl Brr()%g?t_e\}%a\ﬁcé?a% . oﬂf)oasqyt ion is
cal ci ned. Ty pRiogdinidhCth8dbi OTAGHRRMAME §§ tyﬁéa?lg%%hg%ﬂ&elﬁ ¥IBe Hepfee sy about

500C to about 800C, and preferably from about to about 700C,
preferably i rhasdenaigcointht inoleadan sieveneatdlys wompesition apd ranges digan abdwe|liSum  f 1 ue
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I n one enbodicarbst cérhigositidn is indasuree S5k an @etritibn Rakindex (ART)s in¥ired in
weight percent catalyst composition attrited per hour. ARI is measured by adding
6.0g of catalyst composition having a particle size distribution ranging from 53
microns to 125 microns to a hardened steel aftrition cup. Approximately 23,700
cc/min of nitrogen gas is bubbled through a water-containing bubbler to humidify
the nitrogen. The wet nitrogen passes through the attrition cup, and exits the
attrition apparatus through a porous fiber thimble. The flowing nitrogen removes
the finer particles, with the larger particles being retained in the cup. The porous
fiber thimble separates the fine catalyst particles from the nitrogen that exits
through the thimble. The fine particles remaining in the thimble represent the
catalyst composition that has broken apart through attrition. The nitrogen flow
passing through the attrition cup is maintained for 1 hour. The fines collected in
the thimble are removed from the unit. A new thimble is then installed. The
catalyst left in the attrition unit is attrited for an additional 3 hours, under the same
gas flow and moisture levels. The fines collected in the thimble are recovered.

The collection of fine catalyst particles separated by the thimble after the first hour
are weighed. The amount in grams of fine particles divided by the original



catal yst conposition is neasured using an Attrition Rate |Index (ARl),
nmeasured in weight percent catalyst coggosition attrited per hour. ARl is

measur ed ' ,-6.0g of catalyst composition having article size
di stri but %%Qﬁhghg?lﬁé from53 microns to 125 microns to icﬁéqﬁg‘??@d“??eel

attrition cup. Approximately 23,700 cc/mn of nitrogen gas is bubbl ed

t hrough a water-containing, bubbler to humdify . the nitrogen. The wet
nitrogen pas3$@SunhebeyalysthHia E@Wi@?@?déﬂﬁe ZHELEN CHR GXREeSSesk o1 per Bour
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nitrogen that exits through the thinble. The fine particles remaining in

t he thinbl e ceppesiton lefinip the enmafjertthe atifiloen testoh isibe whight bf eddleated finet
through attrition. The nitrogepn flow ing throygh the gttyition cup is
mai nt ai ned fsﬁltal%sor%&ﬁeswéerft&q]ggst E‘B\lq%fg% 1°Pﬂ:f°a{}ﬂ%1¥ﬂﬂ Il%a'&rdémf ed from
the unit. A gew it It dird %rffﬁ'é‘ﬁlisf‘ﬁé Ialttﬁqon'ﬁlggmheglgt alyst left in the
attrition unit 1s attrite or an additional ours, under the sanme gas

fl ow and noi 8061 | evells ond hgntodiraents the swleedlar Bidve ecatdiystivompasionesover ed.
The collection of fine catalyst particles s_eparatedﬁ% the thinble after the
first hour &reulgedymeleculpnsieaawatelyst pogpesiven bas a ARIJesstthan 48 wightded by
the original 22 W) 2005/1131 PCT/ US2005/ 016199 ,anmpunt of catal yst in
grams. char geBTEERRS PaY PIAFBRSIGHS (o Sonaeh BAcaL P o Pios€ PifetBlyne " ar,
i n wei ght pefdeiHan RSk eibmPerdent ;_)Lerqﬁdﬂf,)and'?ﬂst biefErghly, 962 kA0 Qr)éi#ﬂ? ercbitr mMul a:
ART = ¢ (B+C)/D multiplied by 100% wherein B is weight of catalyst
conposi ti on paflour.n the cup after the attrition test, Cis the weight of
collected fine catalyst particles after the first hoyr of attrition

treat ment, akBogesskox bgingthe Moleculs 2.4 t Gompositions;tt o the first hour
attrition tr nt. [ Eagalelal - ool r; Sleve catal yst
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preferably | tesightrlefin(s)Mdi-§nPaiger Nen6,30pS37hou higher odesylaroveighti Wohe
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petroleum and/or cyclic feedstock; isomerization, of for example aromatics such

i B
PERi)

as xylene, polymerization, of for example one or more olefin(s) to produce a
polymer product; reforming; hydrogenation; dehydrogenation; dewaxing, of for
example hydrocarbons to remove straight chain paraffins; absorption, of for
example alkyl aromatic compounds for separating out isomers thereof; alkylation,
of for example aromatic hydrocarbons such as benzene and alkyl benzene,
optionally with propylene to produce cumeme or with long chain olefins;
transalkylation, of for example a combination of aromatic and polyalkylaromatic
hydrocarbons; dealkylation; hydrodecylization; disproportionation, of for example
toluene to make benzene and paraxylene; oligomerization, of for example straight
and branched chain olefin(s); and dehydrocyclization.

[0063] Preferred processes are conversion processes including naphtha to
highly aromatic mixtures; light olefin(s) to gasoline, distillates and lubricants;
oxygenates to olefin(s); light paraffins to olefins and/or aromatics; and unsaturated

hydrocarbons (ethylene and/or acetylene) to aldehydes for conversion into



useful in a variety of processes including: cracking, of for exanple a
naphtha feed to light olefin(s) (U S. Patent No. 6,300,537) or higher

nol ecul ar wei ght (MAN  hydrocarbons to lzewer MN hydrocarbons; hydrocracki ng,
of for exdMPIRBVVEAW petrol eum and/ or cyclic feedstock; PCIGifens0a6190N, of
for exanple aromatics such as xylene, polynerization, of for exanple one or
nore ol efin(s) to produce a polyner product; reform ng; hydrogenation;
dehydr ogenat iafidpholde weids nghd &fterf.0r Thee xmop beeférysl perredso6s theo invenmue ishr ai ght
chai n paraffins; abs_orPtion, of for  exanple al kyl aronmatic conpounds for
separati ng owroqespfiresteghia dlag comyersiomtalon feedtodko EORENPE congr BTERITE

hydr ocar bons such _as .benzene ang%@( | benzene, optionally wth propyl ene

"to produce cm?ﬁ\_‘égreé'a_ets tWOP%OT%l%CO_ ‘ol efins; transal kylation, of for

exanpl e a CO"[@O@? i on ofpAhRIERLiaf e ARAlya! kothpdsaitaki descripedr ASAELARS;
deal kyl ati on; hydrodecylization; disproportionation, of for exanple toluene
"t o make benzeasicaldlypeeilyih ensveradi gmvessey af differendffeédstockx dpplealig;t thai ght

and branched chain ol efin(s); and dehydyocyclization. [0063] Preferred
processes ar &S98196% r CORNG (OB cY's BIOTG %Pﬁﬂ*cﬁ@n%ﬁgh‘&"?@maff dhatyinghdgat i ¢

et . ot ) ot Llare | . |
?x?gg:]:ts es It%%?‘@'f*?n%&“?’l%‘?@%?? a ? P‘rléy 'ET Ec’)1J g}[gﬁuﬁsg@% doélg)’r g‘?@ﬁ%ﬂa&i and
unsat ur at ed chwexPEandiosetiend, Mylidae nRRgptns aiefiddseng) thedike] aehipibagrekor

conversion into 23 WO 2005/ 113145 PCT/ US2005/ 016199 al cohol s, acids and
esters. The thsseofpr Theraliphatyy owisty obfthe pliphaticesantaiping scompopndsc bpicallyr ect ed

to the conversion a .feedsto risin ne..or. ND xygenates to one
or more. of ef PIRERS TRIRAdP SPRL TTERTH Hprs: BoBHELY SOUL to 4 Ho0t A
descri bed abgyfe Préferab®f Hoft'habl 30 baBb latdrk, CRAVALS! PefPIRF T30 ©f 4
different feedstock. Typically, the feedstock contalns one or nore

al i phati c- consrdbnategnsonpounds t hat include al cohols, am nes, carbonyl
conpounds for exanpl e al de et hers,

1ydes, ketones and . carboxylic acids,
hal i des, mer é&4§hns, s&iqq-ﬂ@st}ﬂgaﬁ!famp}?é of iaﬁB‘}a“&er’nFﬁW{l&P‘é@PO‘P}ﬁ’é%‘F‘?e: The

al i phatic noi f e al|] flC-contal nin t ypi:cal | nt ai ns
frolr?ﬂ to abgﬁgﬁ%lg s‘(’:aéri&b(%igil g’?@?f%%l Sﬁgf é@g%qu%g%ﬁqﬂ%ﬂébgﬁf&@%}} ?)agn&g't&g@s, nor e
preferably fhfdaptdn0add otitylbmercaptans allklshifdst shehemdhyl hilgae, lalkl- 4

carbon atoms. . ) ]
amines such as methyl amine, alkyl-ethers such as dimethyl ether, diethyl ether

and methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride,

alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as
acetic acid.

[0066] In a preferred embodiment of the process of the invention, the
feedstock contains one or more oxygenates, more specifically, one or more organic
compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of 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 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, isopropancl, methyl ethyl ether, dimethyl ether, diethyl ether, di-

isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,



[ 00651 Non-limting exanples of aliphatic-containing conpounds include:

al cohol s such as net hanol and et hanol, E%kyl-nercaptans such as net hyl

mer capt an e | mercaptan, al kyl -suftides such as ne Lfid al kyl -
am nes sugﬁpggbégﬁﬁil am ne, al kyl-ethers such as dineth E¥é§%®§@“ﬂﬁ%thyl
ether and_nethyl ethyl ether, alkyl-halides such as nethyl chloride and

ethyl chloride, . alkyl ketones such as. di pet . ket one or nal dehydes, and
vari ous aci d¥dsmbruzs theseal: I8 thedpast preferd GIFHX Fﬁf@rfeé‘gst@%éé?lﬁ%tﬁg of the

process of tag! BYEN Bldre (dPemeltaRALS ébof O &, YiethDY GirexyeRat es,

more specifically, one or nore orgahic cdnpound(s) cdntaining at |east one

oxygen at om cdnfibihfGorbisdredd] @id@e rgeferablyb atkitinaeol aod difethyl edessased mewention,
t he oxygenate in the feedstock is one or nore alcohol(s), preferably
al i phatic al prefesttfiymefhaspb the al i phatic moiety of the alcohol (s) has from

| to 20 carhb { ons, eferably froml .to 10 rbon _ato n t
preferably f@@ﬁﬁl to 4*35%9758?\“%%(‘??%90 h@sﬁsé%gﬁ Veu?@‘?\ﬂlgg@ ?g@%tgg@k in

t he process z: i AV | [ e“;%%ﬁ L gt ﬁg},,-? %ih%% in

al i phatic a‘%tg(t)‘%%?% E@n%%@#?’ %ﬁt‘a ur%’;ll{we%lI g%%@%@%;ﬁ?s_ %%@ Ofr:i[l?i mting
exanpl es of mnygesdprimatilydhiedmerce nfvaa olefingd) h&heblefings) pr olefinohononspfs) opanol ,

net hyl ethyl ether, dinethyl ether, diethyl ether, di- isopropyl ether,
f or mal dehy deprodugedtfigm tharfesdstaaketypisatihavg Tpm2oes0 cgkan atoms; prefepably wo

2005/ 113145 US2005/ 016199 ' f lpgth d
enbodi ment . 4 1ot FRBAB AUk roreanetbly 8 chrh SRms, s e b2 ' ©
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pref erably met hanol and di et hyl "ether, and nost preferably nethanol.
[ 00681 The vexrinples dfadefin nweméi(skinebidd eitybans, proayiehe, (Husgrieyl, pefiteaelds ock

o Cohol | 1's FEGHUAPRRE HERy L AT B AEPEech PTAtED FHDTeSRer i s)
or ol efin ”%%Sﬁéxée; )e?xggg.gp,ﬁ%gteﬁé@m4.&%3%%9&&19&& wén%air,'egct@&%fy%m 2 to

30 carbon ato to 8 carbon®atons,” nore p era to 6

carbon at onssorfiérs! thersofe Dibberddfiry MRondnteré) cichda Sumdata®ted amdnomsis,
preferably ethyl ene and/or propylene. Non-limting exanples of olefin
nonomer (s) idelefioe hevimgl ¢de, 15 capmeptemsy goungated gseppnsgaiugated dienes,

polyenes, vinyl monomers and cyclic olefins.

[0069] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition of the invention into olefin(s) having 2 to 6 carbons atoms, preferably
2 to 4 carbon atoms. Most preferably, the olefin(s), alone or combination, are
converted from a feedstock containing an oxygenate, preferably an alcohol, most
preferably methanol, to the preferred olefin(s} ethylene and/or propylene.

[0070] The are many processes used to convert feedstock into olefin(s)
including various cracking processes such as steam cracking, thermal regenerative
cracking, fluidized bed cracking, fluid catalytic cracking, deep catalytic cracking,
and visbreaking. The most preferred process is generally referred to as gas-to-
olefins (GTO) or alternatively, oxygenate-to-olefins (OTQ) or methanol-to-olefins
(MTO). In a MTO or an OTO process, typically an oxygenated feedstock, most
preferably a methanol containing feedstock, is converted in the presence of a
molecular sieve catalyst composition into one or more olefin(s), preferably and

predominantly, ethylene and/or propylene, often referred to as light olefin(s).



4- et hyl - pent ene-1, hexene-1, octene-1 and decene-1, preferably ethylene,
propyl ene, butene-1, pentene-1, 4-nethyl-pentene-1, hexene-1, octene-1 and
i somers thereof. Qther ol efin nmonomer(s)k5i ncl ude unsat urat ed nonomer

di ol ef ms wi@iOsg 181460 18 carbon atons, conjugated or noné@ﬂﬂﬁﬁgP@Hﬂa?enes
pol yenes, vinyl nononmers and cyclic ol efins. [00691 In the nost preferred
enbodi nent, the feedstock, preferably of one or nobre oxygenates, is
converted i njf00®]pr esel’iﬁm feddswckphene kmbodiment coataaisysie or comp diudni(@)) of t he
i nvention into olefin(s) havin % 2 to 6. carbpons ato pr ef er abl 2to 4
car bon at ons yRigly yse@ereales th tCHECEBP'étF?%?%‘%e fegdstos ofimdc%ﬁBP’?‘P&% YorD-ar e
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ol efin(s) including various cracking processes such as steam cracki ng,
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cont ai ni ng f eedgiparicnlarly prefested.t ed in the presence of a nolecular sieve
catal yst conposition into one or _nore ol efi n(f preferably and
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olefin(s). 25 tV\D 2005/ 113145 PC'é'/ ltJSSZOO 019199 %?071 The f.eeds k I n one
enbodi nent, CERERTETEHY TP s o &h sgr Senf’?/ ]yc LSS lce the

concentrati 0go® oshﬁ@h beenls h%htm@rig cafrfedISRhad rdachiBR pré@as i &ere&amt he
f eedst ock or nolecul ar sieve catalyst conposi tion. Non-limting exanpl es of

di | uent s i nchheee thel prongssais go fixedibed qgecess, caflsohzeto hek ipdees< intlodes ali oxi de,
wat er, essenti all reactive affins (especi.al | kanes sych as

met hane, et h3Hl ul‘%tn@edgp i.)pre@gg f‘l"&P‘ILl?-‘(’i‘férfﬁPé‘éE‘% ?(’9‘2 PERGSFa e fpounds,
and m xture EE‘IFU re water and nitrogen,
w th water ge%fé}% g'art I cul arl pre '@ﬂz%o%#%%%g process for converting

a feedstock, {@Fppci al | Tha feaaitat pﬁlkesséis)ﬁirﬁltﬂdenglaeﬂﬁnod vaHE® SXygepad es, in

the presence of a nol ecul ar sieve catal yst
reactors such as hybrid reactors that have a dense bed or fixed bed reaction zones

and/or fast fluidized bed reaction zones coupled together, circulating fluidized bed
reactors, riser 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. 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. Othmer, Reinhold Publishing Corporation,
New York, 1960, and U.S. Patent No. 6,166,282 (fast-fluidized bed reactor), and
U.S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser
reactor), which are all herein fully incorporated by reference.

[0074] In the preferred embodiment, a fluidized bed process or high
velocity fluidized bed process includes a reactor system, a regeneration system and

arecovery system.



conposition of the invention, is carried out in a reaction process in a
reactor, where the process is a fixed ggd process, a fluidized bed process
(i ncl udesway 2d04/1p3ient bed process), préferably a conti nH?’FﬁJSEdﬂg}O&ilg@d bed
process, and nost preferably a continuous high velocity urdize ed
process. [0073] The reaction processes can take place in a variety of

catal ytic rﬁactorg such as hybrid reactors that have a dense bed or fixed
bed reactio or fast fluidized bed reaction zones coupl ed

together, cifopg5pting fheliddicwpdydad préferablyqs & flufd Bl reh@8EdyR1et h@%&he like.
Sui t abl e conventional reactor types are escribed in for "exanple U S

Pat ent No. 4fi37 Beatfitn zdheSwithint anet orhporea}ses veabdys) dlialsecond eedctionrrdne

Fl ui di zati on Engineering, D.. Kunii and Q Le}[e%rﬁpi el , Robert E. Krieger

Publ i shi ng OSHBEN legsty onsr disengaging vesseb 7arelegahly rrominsisilg ope @i more | v

I ncor por at ed f efear r t ‘ [ tors
gener ol 1y desiaisSa T SFmebdfndiy bR or RE-Mer ReBRR ) el Sl iR
S),stenss, wREaSis4dntathedOwitlinfa shRI rédatbr Brebsel. QTR fecletbEl) ObreferaB), i Shi ng
Corporation, New York, 1960, and U S. Patent No. 6,166,282 (fast-fluidized
bed react or )gontgiding ong or Pare oxygenptes ceptionallGwith ane iy maye dileentG)3istfed ed May
4, 2000 (rmultiple riser reacto which are all herein fully incarporated
by referencd® tF@grﬁ?r PRI T b‘?"‘@%@ Hﬂwg’ﬁhﬁdp?xlﬁﬂ’tl?r sé“?l‘iﬂ%@é“ﬂ%ﬂn ocess or
hi gh vel oci t.y, i Iqn 0 fe@@ihr :
regenerati onérs@iﬂfgr%g gﬁchdthg& r@g(ﬁ;{)@gﬁgﬁ%é&figyﬁg%ﬁ) d{?\%ﬁ%tbgl}eﬁgl4 Sieve

PCT/ US2005/ (chéal$ compasition ofSyaited mepH0r HercDfids comttedl with atlauidocasably is a

fluid bed reactaqr system havi ng% a _first reaction zone within one or nore
ri ser react gopingion theisah duier e heingomtpduesd ) theiriseniearions), psaerabils engagi ng

vessel , preferabl y . Lisin noy.e. .cl ones. 1N nbodi nent, the
one or nore tﬁ?gg'lﬁérlgac 5P%Isn)eglélﬁgl?éﬁ?iglﬁggggllsnagylﬁ%rgg%eﬁuc#§S gg%}gg?'ned wthin a
si ngl e reactjgprgiessel . THY RelstbQeRbARK thePictitsr fRlam iCHRIGIBI) RBnP&HfedOr Nore
oxygenates, optionally with one or nore diluent(s), is fed "to the one or

nmore riser rpaatally ¢rshllyninathic dirstareadtioe cahaimts iacgascamtefflyatt thatngnderss tthon  or

coked versiop ther.eof is,introdyced.. | p one_enbadinent, the nol ecul ar sieve
catal yst corfptsugesiB veiseLgleng W 2 cgked pofuther Fglﬁéows’%ﬂ%ﬁ sigve 522D qui d or
gas, or composition. In the preferred embodiment, cyclone(s) within the disengaging

vessel are designed to separate the molecular sieve catalyst composition,
preferably a coked or further coked molecular sieve catalyst composition, from the
gaseous effluent containing one or more olefin(s) within the disengaging zone.
Cycloues are preferred, however, gravity effects within the disengaging vessel will
also separate the catalyst compositions from the gaseous effluent. Other methods
for separating the catalyst compositions from the gasebus effluent include the use
of plates, caps, elbows, and the like.

[0077] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel, typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked

molecular sieve catalyst composition that is then introduced to the regeneration



conbi nation thereof, prior to being introduced to the riser reactor(s),
preferably the liquid is water or nethanol, and the gas is an inert gas
such as nitrogen. [0076] The feedstock emering the reactor systemis

pref er abl WBRYIX&Y, partially or fully, in the first ?Qﬁﬂﬁ%#”%ﬁﬁ? into a
gaseous effluent that enters the disengaging vessel along with a coked or
further coked nol ecul ar sieve catalyst conposition. In the preferred
enbodi ment, cyyelenn elnsnotliet Binbodiieny] tirecstdsdng gonevie &is & beparate desseldien thieo
separate the nol ecu] ar sieve catal yst conposition, preferably a coked or
further cokedipigageyesssleve catal yst conposition, fromthe ~gaseous

Oycl ones are MVZBEY, o ThE cBbisfuidh, eabitiding bl I, SRR REEE 1
vessel W Il  2ls@icaRpPaitinght Receabyts tis ROMB Ofigeio? fond 40 LOCCURSHOHS

effluent. Gthér nethods for separating the catalyst conmpositions fromthe
» gaseous ef f | udI0°Cprefedably Fremuabeut 250°0Itabseyt SOANS, metelppefsrabinfiomiabouf ke.
[0077] In one enbodi pent_ of the di sengagjng. system, the disen ing  system
i ncl udes a di<¥hbds iaﬂéutwégs £ Yetigose P ?fgi’lé(%r%%éf’mﬁépbi(gw Fout a0 G #ehgagi ng
vessel is a siflRRi I t4dePPi 0 r sieve
caral yst corpsifbRlERRRly dh Ao 140PE! ONEATRODE RS oBRLC oM

conbi nati on afhost BFOYC tonBbEBIESC.car bon di oxi de, carbon nonoxi de, hydrogen,
or an inert gas such as argon, preferably steam to recover adsorbed

hydr ocar bons 008 t he cthe¢onyassien prassurs emplaygdainy $he conyrssipn i pcashat i s
then introduced .t.o i he r eﬂg{l}‘?rat Lon 27 WD 2005/113145, PCT/ US2005/,016199
system |n arfdff Pabhﬁﬁ'iq}l , TEAGIRT SYFtET i VATIES oREET| & VideaTalgh Jngiudinge s e
fromthe di spRAAAbRIHMERFE! Th BOKRsiol SreGRRY R HHsa of IR ALI Y EssBAIRbOY ed 1 N
t he conversi onﬁ%r%ocggsgps, speci fical §/0wite In the regctor systgéms s in the
range of fronhealiedstolb@kligvabbaty dihAOHergin.eTypmblly tHer comverbiontprasirfe t o

about 800C, nore preferably from agout 2f5 C to about 750 C, yet nore
preferably fresaplaysiuin theprocess i pp the BB 8@‘? aboybf 1 diaa to aba SaMPg2sf r om

about 350C t g, 2Rouky ROAGHIRS lﬁ%ﬁé Fig@g'c}yl}/fgﬁf TindHROY retidbry Porl RN 22°0C

[ 00791 The conversion pressure he conveéersron-process,
speci fical | y WHak o Bbduld 800 &R&d, or system varies over a w de range including
{0080] The weight hourly space velocity (WHSV), particularly in a

process for converting a feedstock containing one or more oxygenates in the
presence of a molecular sieve catalyst composition within a reaction zone, is
defined as the total weight of the feedstock excluding any diluents to the reaction
zone per hour per weight of molecular sieve in the molecular sieve catalyst
composition in the reaction zone. The WHSYV is maintained at a level sufficient to
keep the catalyst composition in a fluidized state within a reactor. 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 about 1500 hrl, and most
preferably from about 10 hr' to about 1000 hr'!. In one preferred embodiment, the
WHSV is greater than 20 hr'', preferably the WHSV for conversion of a feedstock
containing methanol and dimethyl ether is in the range of from about 20 hr' to
about 300 hr’,

[0081] The superficial gas velocity (SGV) of the feedstock including
diluent and reaction products within the reactor system is preferably sufficient to

fluidize the molecular sieve catalyst composition within a reaction zone in the



aut ogenous pressure. The conversion pressure is based on the parti al
pressure of the feedstock exclusive ofggny diluent therein. Typically the
conver si ojyPrRSA18s enpl oyed in the prdCess is in ther < about
0.1 kPaa to about 5 MPaa, preferably fromabout 5 kPaa ?gqg{)sgioﬁfoié}%a& and
nost preferably from about 20 kPaa to about 500 kPaa. [00801 The wei ght
hourly space vel oci o particularly in a..prpcess for converting a

f eedst ock coffe&ioki r;@}éogg ;o\fg MBIOBW’QE‘?{%'E%@TIY r’f"#ﬂgt b IR SR A8 ecul ar
si eve cat al ySiyieOEROSkifiiR Thiirsh) Feadtof(§R% hOEa%O0 % mbfer pdfkiddnd @Fsebfle total
wei ght of thg&}leeds?om exc%mtﬁ?ﬂngaany(ﬁéi | uents to 1%lher eaction( zsonjé]\ per
hour per wei pieferathly ppdatsr uhar 0.5inever, mord preferabily grdator thirel an/scef eepathore
conposition in the reacti on zone. The WHSV is maintained at a | evel

sufficient tBreforaldly grater dbara? (ndfec vk pos mprspreferably gigater tham onkee aplt hin a

reactor. Typicall VLSV, 1 r 0 el . 5000 hr -1,
preferably £ 76, %%B%%bng gm;a}ter Ehg&gb lJSFéG%g%)%%rMr‘%%?#ﬂf&gﬁcaﬁ%m about
5 hfl to abogériad398 448, 25 fitdastovenitRt @ abbo; Whiemishersin Hkokfordted Byabout
1000 hr -1. In one preferred enbodi nent, the WHSV is greater than %0 hf 1,

preferably tieferosy Qiher pmoesses faycopfertng aw dsygenkie tooriefi(s) ag desaribadol and
di net hyl eth is Ln th f bout 20 hfl .t b 300 hf 1.
[0081] The. stipbr1 BRaRt Bias XPse (VASMI5F ot Ieeme Aokt autia | RepaaRHs

di l uent and | ] ' F

S:Jf 1ch I ci ent t%‘ﬂfi‘ %c?@o?%ﬂﬁ%hgf %ﬁ%@gi%}&gﬁg c%?@éﬂ%%nnt%%ls?{b?@g E@fﬁ. n a

reaction zong4d #85 B¢ (RESVGs 2500134 %0 BESt USRS A idDeraetafrorThe SGV
in the process, garti cularly within the reactor system nore articularly

within the rabout 3PEECI00YN08E), and PAT Wi 61/23500 pehlished &prid Sc 20 (prgnsee) |
preferably greater than 0.5 nm sec re preferabl re than 1 sec,
bven more. . pieaReom R cainBe Copiish (Pl EpoSR R IeE 1 D MERR A8 ) G et o1
than 3 nl sechergiidullyBRbrpRtAREEbARIretllecat er than 4 msec. See for exanple

U S. Patent Application Serial No. 09/708,753 filed Novenber 8, 2000, which

i s herein in@dBRMor at edThy cokedfrmolenda. sicdehatalyst ocmpsesition oy withdrawntfrong an
oxygenate to olefin(s) are descriped in U S Patent No. 5,952, 538 (WHSV of
at least 20 i disen Yestple PERIEIRLY Rygimectr marenpicirniestsh Fogniediecdd? ect i vi ty

(TOWB) of | 38R §oflm. EP- O

Regeneration System |
[0083] The regeneration system comprises a regenerator where the coked

catalyst composition is contacted with a regeneration medium, preferably a gas
containing oxygen, under general regeneration conditions of temperature, pressure
and residence time. Non-limiting examples of the regeneration medium include
one or more of oxygen, O3, SO;, NoO, NO, NO,, N;Os, air, air diluted with
nitrogen or carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon
monoxide and/or hydrogen. The regeneration conditions are those capable of
burning coke from the coked catalyst composition, preferably to a level less than
0.5 weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. The coked molecular sieve catalyst
composition withdrawn from the regenerator forms a regenerated molecular sieve
catalyst composition. By controlling the flow of the regenerated molecular sieve
catalyst composition or cooled regenerated molecular sieve catalyst composition

from the regeneration system to the reactor system, the optimum level of coke on



642 485 Bl (WHSV is from0.01 hi' to about 100 hfl, at a tenperature of from
about 350C to 550C), and PCT WO 01/ 23500 published April 5, 2001 (propane
reducti on at an average catal yst feedst32k exposure of at least 1.0), which
are all NIy incorporated by reference. [0082] TREUSHWEE16IBY ecul ar
si eve catal yst conposition is withdrawn from the disengagi ng vessel,
preferably by one or nore cyclones(s), and introduced to the regeneration
syst em RegeHermoleonaSsietesrat 0 88npasition enferieg theireavianis tnaintainegpr Thas a
regenerator where the coked _catalyst c itiqn is .contacted with a

r egener at i on®ieJaRh EHIHERES 4Ty C %’i‘%ﬂg %@Wﬂio of d&?}(j@ﬁ?r ﬁWHEr“&"&iYFéral
regeneration i r L depe e,
None Tt ng SRBHGP BeRbed RTRELRIY [Pual BgsHl Bl TECRAMAT COBUHTE . o
oxygen, 03, BBJiz&® BedsAradsel AvidiabandaKinpwétbn, edd.,uBtdkisl 111997 (BB6-GFE) or

carbon di oxi de, oxygen and water (U_S. Patent No. 6,245, 703), carbon
' nonoxi de andMbichHy Betstpdncorpprateddyastarenceon conditi ons are those capabl e of

bur ni ng coke t he ked catal yst conposi t.i gn ref er.abl y, t sevel |ess
than 0.5 \Ae[(gﬁ?fnper cet ?5%%688“@%‘?(?‘?1’&?? M ‘%?‘%{?%5? o‘fﬁrgn}:é@é@ 2ﬁgl(gcul ar

si eve catal Ygf abdu® TROPC, bféfeﬁﬂﬁfeﬁérﬂglbbﬁ@(foeg%%éﬁﬂ WO0SY ShBIe pr-Efb?a‘tﬁj?ked

nol ecul ar sieve catal yst™ conposition wthdrawn fromthe regenerator forns a

regener at ed froineabdurd56P@ve aboat F59¥E, aminposi preferablByframndboat 5O tide f | ow
of the regengrat ed | ecul ar, si eve catal g%t corrp?si tion or cool ed
regenerat ed A &cuilhe regeagiationPaesyuie iompas 1n8h of fasmabaet }2g8Add8E i on

systemto th i

2005/ 113145 ey %&%‘é%%%?iﬁemmﬂﬁ’ U é‘lﬁ’ﬁg’i‘ﬂé“\}g‘i’ggt?g @SE{](I(%(%WOS 9 on
entering theaic@ Q50 psiaS(17R4 kPai)) atbre Phder@blyafiém radoNt RSChyd qLURXPhSY to
controlling the flow of a nolecul ar sieve catalyst conposition described in

M chael Louggehoubkppsisreli341kPrek pid mestpreferablyfram apgut 3 psia(208dkH38H4e G ace,
Avi d d Know, t . . e, 1997.(336-337. ich js h '
e e ooy S8 € R BB 118 bl SRR B o e BlsPuBF BRIG, ¢ e
range of froggabaebmpBsifion iPthdResEneradfiQEin Mk QAR ont AU 3RO HimBQQ- t 0
about 1000C, noire preferably from about 450C to about 750C, and nost

pref erably fseverahbours, 1566 @referably 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.

[0085] Other regeneration processes are described in U.S. Patent Nos.
6,023,005 (coke levels on regenerated catalyst), 6,245,703 (fresh molecular sieve
added to regenerator) and 6,290,916 (conirolling moisture), U.S. Patent
Application Serial No. 09/587,766 filed June 6, 2000 (cooled regenerated catalyst
returned to regenerator), U.S. Patent Application Serial No. 09/785,122 filed
February 16, 2001 (regenerated catalyst contacted with alcohol), and PCT WO
00/49106 published August 24, 2000 (cooled regenerated catalyst contacted with
by-products), which are all herein fully incorporated by reference.

[0086} The gaseous effluent is withdrawn from the disengaging system
and is passed through a recovery system.

Recovery System

[0087] There are many well known recovery systems, techniques and
sequences that are useful in separating olefin(s) and purifying olefin(s) from the

gaseous effluent. Recovery systems generally comprise one or more or a



700C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), pregferably from about 20 psia (138
kPaa) to wapsuknzh@spsia (1724 kPaa), nore preferably fremraRkessoraoPsi @
(172kPaa) to about 150 psia (1034 kPaa), and nost preferably from about 30
psia (207 kPaa) to about 60 psia (414 kPaa). The preferred residence tine
of the nol ecyl a4 S t I £ e tor. 1S in the
range of fro%@%lgaftl&gﬁoef %ﬁ\?}aﬁoﬁ?tsgﬁ %g&é@gr%%&%g 31?%& Q?r%%fé}? g‘gg@iagltrogbpf e§%ouf{ one
mnute to 10&hHnALL §sitieds) Gr thehsp rebBoH ebteny® bittiiPasOéthgiby AN inlarklf@ngas 1S i N
the range of from about 0.01 nole percent to  about 5 nole percent based on
the total vo{liye Patent iNo.(5476,9T) 88 ahetederrvatjze areasssss uech pssaldehydes
described i .S. Patent Nos.. 6,0 k V, on regenerate

catal yst), gl,“gﬁ%‘?sﬁ ?Slt‘?ré??f‘%“é‘@dﬁ%p%?‘gég\%‘ 2“@%73@‘?413 ar“@g%tﬁ r 43ested g

6, 290, 916 ( oAb 8P ARk GousBa! Rk ox RIS Al braioh -

09/ 587, 766 fﬂﬁgﬁcfﬂ\]l}nfggg, 2‘%1085‘?%:%50#& Ilrseg’energzt{ed %at’al y Ia'ﬁ?gtsg%'tne to
regener at or ) or ¢hild trafies, eomprssgrs, dabcleoutShuing|or ljots, PAmpE Sanfi2Be tike.e WNonFebr uar y

16, 2001 (regenerated catalyst contacted with_al cohol), and PCT WO, 00/49106
publ i shed Audadingexanyged of Hisse deveragrupns, cplitigns 01y Eaing gprdaaloBel ofiie h

by- product s) lch are, all herein | Ryl ora reference. [00861
The gaseous ceqf"?vg}ﬁg%?n PSI‘@EPH%@%%?“?é%ﬁ%eéﬂﬁ%egﬁsﬁ%p é?@é%‘i"l’%‘ﬁ“?s passed
through a refayhahiforsh Q8Maiie&OY AEpropitEie® HrERPIbY a TR deprdpSnip@Ny wigh| known
recovery systems, techniques and sequences that” are useful in separating

ol efin(s) artdwenofityirefgred ¢é iam@sdausticowasthtoweg asdousuedidhl toswer,. abtebeser vy
systens general |y conprise one or e or a 30 WD 2005/113145

PCT/ US2005/ (8a86e Sirranssortisiens, (2 spliter BEqpalene s ) splitighubsng (Cdh and/ or

distillation,.k: I ms, splitters, or trains, reaction systens such
as et hyl ben;kg%lgg{eﬁaaﬁ% aeg%#e (U.S. Patent No. 5,476,978) and ot her

derivative [poggjsses svVarows rédoderyy éptems HetRheBr adcbwaihg! preasmimedyre (U. S.
Patent No. 5,675,041), and other associated equipnent for exanple various
condensers, def@n(skprbieraply primeesr lightralefindm) syolt asmrsthylsne,cpiobylens and/or

cxamplos o Egs o e an il Pl HPEpo s, BRreraieach ety i 1

stream), U.S. Patent Nos. 5,019,143, 5,452,581 and 5,082,481 (membrane

separations), U.S. Patent 5,672,197 (pressure dependent adsorbents), U.S. Patent
No. 6,069,288 (hydrogen removal), U.S. Patent No. 5,904,880 (recovered
methanol to hydrogen and carbon dioxide in one step), U.S. Patent No. 5,927,063
(recovered methanol to gas turbine power plant), and U.S. Patent No. 6,121,504
(direct product quench), U.S. Patent No. 6,121,503 (high purity olefins without
superfractionation), and U.S. Patent No. 6,293,998 (pressure swing adsorption),
which are all herein fully incorporated by reference.

[0089] In particular with a conversion process of oxygenates into olefin(s)
utilizing a molecular sieve catalyst composition the resulting effluent gas typically
comprises -a majority of ethylene and/or propylene and a minor amount of four
carbon and higher carbon number products and other by-products, excluding
water. In one embodiment, high purity ethylene and/or high purity propylene is
produced by the process of the invention at a rate greater than 4,500 kg per day,
preferably greater than 100,000 kg per day, more preferably greater than 500,000
kg per day, even more preferably greater than 1,000,000 kg per day, yet even more



conbi nation include one or nore of a denethanizer, preferably a high
tenperature denethani zer, a dethani zer, a depropanizer, preferably a wet
depropani zer, a wash tower often referr®d to as a caustic wash tower and/or
quench t owe? 2*%ddH8ers, absorbers, menbranes, et hyl ene PCEDS2Q05(01¢10%
propyl ene (C3) splitter, butene (C4) splitter, and the like. [0088] Various
recovery systens useful for recovering predompnately olefin(s), preferably

prime or |i gipreterabhy aeater dipn 1,990,800 B dise day S\ pysHcmerrdprsferahlyassterar e

d i bed i . : ' t :

U.e Zcr IDate e nlt n&%?sl’gg@l%@%%gg q?%%%qg%i%%t%%ﬁ&%%%&%%%p%gg S%Ie‘%X{ g? irrz)ns) ,
U. S. Patent , 197 AN 1 ion. NO.

© 6, 069, 5218§n( hgg@gen re%@%&%?%?ﬁmt en%loﬁg?@%‘fég%g%%%%sﬁggm@g%on’mt hanol

to hydrogen @ederetivibonr diaowingdation ool addipinal UpSidubtsl eby-phisduct, ofid/@63
(recovered nethangl to gas turbine power plant), and S. Patent No.
6,121, 504 (&Pv@waﬁ%&ﬂww n@ﬁ)?rg rred hifpe OWFS'G%kflP?%%TthPﬁWepurity

olefins with u - pachi@natl an), ggﬁ
(pressure swg’g%dugcﬁ!"é gﬁ%}gn‘%l%i%&mﬁ%hasa?tgﬁg?%a@ewgﬁﬁﬁél 4}?1’(??1% o&ﬁpor a gd by
reference. [ @O8e inndpivative€ ulanafohiring HrecassrsutloAs PopeREHatién proceeeat es into
olefin(s) wutilizing a nolecular sieve catalyst conposition the resulting

ef fl uent gas Thysifers) inthe sensppiefaredemhgdinent pf dife xeconane Astemadheo recorapy| ene
and a m nor amunt of four, carbon and hi gher, carbon nunber praducts and
ot her by-pr oﬁg‘g‘?’g, alé?(C’Inﬁﬁﬂdﬁﬁ a gpf_ﬁl%s %me%(f')‘ap?r’é%t‘fa“ﬂ%ﬁp%‘ﬁﬂ’{%?get hyl ene
and/ or hi gh Rpu&d | ng;dMg | ntion at
a rate great g% [ %ﬁ%%%ﬁgga%grangay, g%&?&%%yggﬁgﬂﬁi?&hgﬁﬁ%%oo kg

per day, nor eughr ef evaidy] nicghelat earboohdic Loids, @ekrs, lgrhpar oxidys, anwaoniawing
preferably greater, than 1,000, Q00 kg .per day, yet qiven nore 31 WO
2005/ 113145 PHEr UHSOse) oorsasangs, o Flptdes, Bydseged, apg Jhydrocasbonsosudly aser day,

still even I t 3 per day, and nost
preferably %ﬁ}’%‘ E"E% ??5%‘%,?‘%6%5%38_5%3&‘@%@9‘93 a?@g%%’%’ecaener al 'y acconpanyi ng
nost recover yoeM$t ens iCkhéh fedoveUGYstéis thale pRhdlel PlriREatRGC Bysidmd, | R of

addi tional products, by-products and/or contam nants along wth the

preferred prixsnpleodocttbe Mudiigation e of eolefin(sie arqrdaderthest inh&itk-GHanen| ef i ns,
such as ethylone A P P e Rocfuord) P P Wéi8Se o, John Wiley &

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

e

reference. Purification systems are also described in for example, U.S. Patent No.
6,271,428 (purification of a diolefin hydrocarbon stream), U.S. Patent No.
6,293,999 (separating propylene from propane), and U.S. Patent Application No.
09/689,363 filed October 20, 2000 (purge stream using hydrating catalyst), which
is herein incorporated by reference.

[0092] Included in the recovery systems of the invention are reaction
systems for converting the products contained within the effluent gas withdrawn
from the reactor or converting those products produced as a result of the recovery
system utilized. Suitable well known reaction systems as part of the recovery
system primarily take lower value products such as the C4 hydrocarbons, butene-1
and butene-2 and convert them to higher value products. Non-limiting examples
of these types of reaction systems inciude U.S. Patent No. 5,955,640 (converting a
four carbon product into butene-1), U.S. Patent No. 4,774,375 (isobutane and
butene-2 oligomerized to an alkylate gasoline), U.S. Patent No. 6,049,017



for use in derivative manufacturing processes such as pol ynerization
processes. Therefore, in the nost preferred enbodi nent of the recovery

system t r system al so includés a purification systemto renove
vari ous ngﬁ?ﬁﬁﬁﬁyﬁﬁé exanpl es of contani nants and by- pr S§EES20659419% e
general |y polar conpounds such as water, alcohols, carboxylic acids,

et hers, carbon oxi des, amonia and _other nitrogen conpounds, chlorides,

hydr ogen and(dingrisgiionbors nstigyiens, Hcet Yriente, Noet Ky287368t yndné,76p,63Badi ene,
but adi ene an ut . [ 0091 hey ..recovery systens .that.incl.ud
purification C?Mﬁglfmf?fr l?yr%ggm} tl?’broc%t}ﬂ@]xeﬁu%#?scéﬁlfhoﬁargfm dz{l%’flﬁﬁ(agﬁl, are
described | nyirbEerChiakBlz cdboit | cBRPeIAIs) UG priGRINJ 48800 98 dition,
Vol ure 9, | opsbe R e F e S U e L ’894-8951’,[1u\f/{\k|{h§ﬁ i s
her ei n i ncor pdieltiedpiogess), eleS. dPatent Nour 5,684,854 (plefindtydnogear ecalesy), dadcri bed
in for exanple, tent No, 6,271,428 (purification of a diolefin

a

hydr ocar bon st)@gh;s.;et SﬁSP"qﬁ&'fSefﬁt' Ungradieg $33Coand Fséyﬁﬁ’gﬁiwgaﬁ#oﬁgt-egﬁe from
, LS. R Gadt i . . 36 ' 20, 2000
Chorge. ot r oatrotls el 5 S 4 RO TSR or R A blobb R it B8Sha 20

reference. 19&%&%)9%1&% AlDhérbi fORY ABIporRYSbPFderghcd. he i nvention are
reaction systens for converting the products contained wthin the effluent

gas Wi t hdr awj0098F om t hOthez xonhwersion prosesses) inngartihiare apronsteasion poodsofd as a

result of the recover systemutilized. Suitable well known reaction
systens as pah 9xsfsﬁn%tﬁ§° P%%MP’;P olefia(plim the PW&?I}CPWMR@GF‘QWW%H%% oduct s

h h - - o
i gher vl uct RS Es corprny okées I sholc B WR SRRt RAKL HIBRET, | O,

syst ens i nclpigRphdrous-Patdaluniien- souRBSinbHide (16638 \dREdribRd ia fof Stmpl@r®n product
into butene-1), U.S. Patent No..4,774,375 (isobutane and butene-2
ol i goner i zedPatentavo., k3,23 e(mridng plastic withsn dlefie product h&viog e pemaffig2o WO

2005/ 113145 RCI/ US2005/ Q16199 (di neri zat i £ n-put yl U Nos.
4,287, 369 arfi®HD Qg t7§‘5‘c{“’( S oD | Ok PO B@”H&é)ﬂﬁ#ﬁéﬁfﬂqﬁﬂp-o@?ﬁ?,gﬁi?”t >
287, 369 787" . > s

ol efins Wi ¢ efRib Mgt A8 tealil SUBRMPETICr o8R8 pRARALAGH] . U S

Patent No. 4,542,252 (rmulti ‘C proces U S Patent

5, 634, 354 ( ol%fi9%ehheavygkydroearbore iny effluent] gasCéesly tos anothereteaetior), PET0&®s f or

Upgrading 0301/6%77%”19(1}3%551131 ?{uigrtllistcﬁs,t 5(?Oalrrsahd FI)JG.tS.' P%tent Application Serial No.
09/627,634 filed July 28, 2000 (high pressure), U.S. Patent Application Serial No.
09/507,838 filed February 22, 2000 (staged feedstock injection), and U.S. Patent
Application Serial No, 09/785,409 filed February 16, 2001 (acetone co-fed), which
are all herein fully incorporated by reference.
Integrated Processes
[0094] In an embodiment, an integrated process is directed to producing
light olefin(s) from a hydrocarbon feedstock, preferably a hydrocarbon gas
feedstock, more preferably methane and/or ethane. The first step in the process is
passing the gaseous feedstock, preferably in combination with a water stream, fo a
syngas production zone to produce a synthesis gas (syngas) stream. Syngas
production is well known, and typical syngas temperafures are in the range of from
about 700°C to about 1200°C and syngas pressures are in the range of from about
2 MPa to about 100 MPa. Synthesis gas streams are produced from natural gas,
petroleum liquids, and carbonaceous matenials such as coal, recycled plastic,

municipal waste or any other organic material, preferably synthesis gas stream is



Coal, Vol. 37, No. 4 (1995) (dinerizing or oligonerizing propyl ene, butyl ene
and pentylene), which are all herein fully incorporated by reference.

[0093] Ot her conversion processes, in p&ticular, a conversion process of

an oxygendY@205/15Hd5or nore olefin(s) in the presence of PETASRPUSMIGEPI si eve
catal yst conposition, especially where the nol ecular sieve is synthesized
froma silicon-, phosphorous-, and alum na- source, include those described
in for exanppmidutbdSvia skatrereforhiing 6f fabirabg3. ((Galkctally, o hetstdgensduk ka@tysyl ef i n
product having, a_paraffin to olefin weight ratio |less than or equal to
0.05), U.S. PRGNy aoopper basedgerialydl) dtoPBiRaGAWItR & mRgFsis o2asegtseibn

71 uont gasPRE1Y cCRply le SRS AR magpRids, Aab bR BYRREE, 880, ' 0
2001 and U. SalcBiadie nprefopibly CakitRAclSesftedl iNOcomBRalaty . With {vateed Jwl ¥ne8, 2000

(high pressure), U'S. Patent Application Serial No. 09/507,838 filed
February 22, emi enit, dhe dyrithesiis garcHreamy ot Fymihesisatethperagire Patthmtangdofl i cat i on
Serial No. 09/783, 4 Il ed. Febr 6, 2001 (acetone.co-fed), ich are
al | herein ngW%"Hgi?(wr‘Qt%’&“ ’3*/%? @?@%éﬁééﬂtﬁﬁ%@ﬁeﬁ“&mﬁ%@%&f WH94] I n
an_enbodi Menfy.. 28 Nibh RIS Bisch P tfbURE] b diPoRAONYE |

ol efin(s) fr%bnglug@hydrgg%t%tt‘)lggo ee g?%scsk pr%@ergag‘r yrp%ﬁﬂyg@?gar no%dnggé

f eedst ock, npiodugy &f en@bhate oeidthinieg seathor et hane. The first step in the
process is rTFassi ng the gaseous feedstaock, pref erabl%3 in conmbination with a

wat er streant®098]l a = syAbisopyasastet GapHIBIBE Sticamp b diede anahanohetpicallus

(syngas) str .SV, od Lon. 4 S l{\q|l d typical ngas

tierrperaturesg0 rltﬂgﬁagcorhg’%g})erggéétf (Slmv a%guf)éﬁgg\&%n}p%ﬂ%%t%u ucﬁZﬁo@ﬁg%d syngas

pressures ar fartifulb¢ dﬁﬁétﬁ?l &herl kQIBh&DaMEhyd2s, skolvedadagey subf Qs W&rogéy nthesis
r

gas streans are produced om natural gas, petroleumliquids, and
car bonaceousmethase,i cirlbors oxide sandcuittiogen, eyl cfusel qil. askhiecoxygenate cioptainingst e or

20051 113145 BEMUSTHMsRsEeh B0 AEITS) SHE0DERRT B BT GUOrEhErll gas.
Generally, a éﬁﬂﬁ%@ﬂﬂ?rﬁ@és@ésy ﬁfstillaﬁ(}h?isgﬁ?éxéﬂ ParkP RR&Ton3ASE debdfifl YSt . 1S
a synt hesi ty calq on dio |3

contacted w gas sfream y car e and carbon
nmonoxi de andinhy piirdfishotyzendte dustaininy stedan i exampls eomileyciabGhudedl andften in

conbination with water. I n one . . L
methanol. The oxygenate containing streamn or purified oxygenate containing

stream, optionally with one or more diluents, is contacted with one or more
molecular sieve catalyst composition described above in any one of the processes
described above to produce a variety of prime products, particularly light
olefin(s), ethylene and/or propylene. Non-limiting examples of this integrated
process is described in EP-B-0 933 345, which is herein fully incorporated by
reference. In another more fully integrated process, optionally with the integrated
processes described above, olefin(s) produced are directed to, in one embodiment,
ong or more polymerization processes for producing various polyolefins. (See for
example U.S. Patent Application Serial No. 09/615,376 filed July 13, 2000, which
is herein fully incorporated by reference.)

Light Olefin Usage

[0096] The light olefin products, especially the ethylene and the propylene,
are useful in polymerization processes that include solution, gas phase, slurry
phase and a high pressure processes, or a combinations thereof. Particularly

preferred is a gas phase or a slurry phase polymerization of one or more olefin(s)



enbodi nent, the synthesis gas streamat a synthesis tenperature in the range
of from about 150C to about 450C and at3‘ba synthesis pressure in the range
of from SosR1fGa to about 10 MPa is-passed through a ﬁ{% Xi.de

conver si owgnoé‘ﬁt%ﬁ produce an oxygenate containing stre ﬁ? g@é@}glg’hi S
oxygenate containing stream or crude nethanol, typically contains the

al cohol product and varipus .ot her conponents such as_ethers, particularly
di met hyl et h@trfea%e?%@?&aﬁd%ﬁ lew® o PECRIeREy 58 POLIRFIZZEOR PICSERER

met hane, car o | @Fﬁ |t aq@gnﬁﬁtﬁ!gd ' T enal e t ai ni ng
stream crudgﬂ%ee?‘ﬁgﬁ ,ngar'\tmtnhéea?%fggpierred e c‘)edilgi %nte(?gd %B%lge th?igttf}gh a wel l
known puri fi geldcalar gicve @ambsts discubied| sbbvgrhowaepaitid preferrddholymeridagont i on,
resulting in a purified oxygenate containing stream for exanpl

e,
commerci al Ceafelasta %@OSMBB%(-MHBJ Philfips-typey eakelioseres mesallcenp-&ype @adh or

purified oxygenate, cgnt ai.ni.n rea t.ional l 1.+.h one or nore diluents,
s ont act ecPREREROVGRHTRSPE cafbieBE fhd PR B Tharkotl) T8 RIGmEH oo G0

descri bed a & Nt f I AEREBES abaes Ght] 1 0 uce a
variety of BW% Eoﬁ’ﬁ%’?@%ﬁa‘?‘?%ﬁﬁ% y |i ghat ol ef Pﬁ?s)ﬁ%&&zﬁ%@lgﬁfgﬁgnd/ or
propyl ene. Noslyéthplehe,nglastwmeps, gqdastdmers) highntdensipt edlyethylznes $ow sdasitgri bed in
EP-B-0 933 345, which is herein ful lﬁ’gi ncor porated by reference. In another
more fully ipPrizghyene nehweepyicne spd pelyrranylsrecarelmersn Hgmieprenghased sses

described abgGmefl RNk HOBGRM MBI RELE Tt e WllOAGIBABRALIET  one

or nore pol I'On" Process producing vari ous %n.e’(See for
exanpl e_U. S.jshaedtpolpiopyead, i sondiSabtiabolierop)Rhé dphspyledesndothyblddkc 2000,
which is herein f%l y cmormt ed bi;/ r&gﬁ‘g?ence.)?pzi@%}?lt A efi nybUsage [ 0096]
The |ight ol efimpaptepolymers.especially the ethyl ene and the propylene, are

useful in po ri zatipn processes that .in¢clude solution, gas phase, slurry
phase and a d‘?ﬁgﬁ pressﬁ‘r é’?ﬂggi‘ise{é%",d“ﬂ?ma tﬁ% %t?‘grfgo‘fq%%r%?ﬁ)nspér?i cularly
preferred i 85 | LT I ' ' nor e

Ol et in(e) 3P UEeTEBEPRReY ot o i TR 8 e 4t b plvnfifattn "0

et hyl ene or qatayst! gsem Thes polpaleyipationz feacton tprmodeesne ot itheepslymer

pol yneri zation catal yst that can include any one or a conbi nation of the

nol ecul ar siRFdutHtwisreingheloBe o0& ;e aldings) haying aen made by epniertag an
pol yneri zat i

It

acfgohol, particularly methanol, using a molecular sieve catalyst composition. The
preferred polymerization process is a gas phase polymerization process and at least
one of the olefins(s) is either ethylene or propylene, and preferably the
polymerization catalyst system is a supported metallocene catalyst system. In this
embodiment, the supported metallocene catalyst system comprises a support, a
metallocene or metallocene-type compound and an activator, preferably the
activator is a non-coordinating anion or alumoxane, or combination thereof, and
most preferably the activator is alumoxane.

[0098} in addition to polyolefins, numerous other olefin derived products
are formed from the olefin(s) recovered any one of the processes described above,
particularly the conversion processes, more particularly the GTQ process or MTO
process. These include, but are not limited to, aldehydes, alcohols, acetic acid,
linear alpha olefins, vinyl acetate, ethylene dicholoride and vinyl chloride,
ethylbenzene, ethylene oxide, cumene, isopropyl alcohol, acrolein, allyl chloride,
propylene oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and

trimers and dimers of ethylene, propylene or butylenes.



catal ysts are those Ziegler-Natta, Phillips-type, netall ocene,

net al | ocene-type and advanced pol yneri zation catal ysts, and m xtures

t hereof. The go_l ners produced by the pPél ynerization processes described
above i ncMRIZTHEYY | ow density ~pol yet hyl ene, el ast onePET/HRYS0INEP s, hi gh
density pol yethylene, |ow density polyethyl ene, polypropyl ene and

pol ypropyl ene copol yners. The propyl ene based polyners produced by the
pol yneri zat i B&-ﬁ&ﬂiﬁﬁes i ncl ude atactic pol ypropyl ene, isotactic

pol ypropyl en ndi ot g¢t i ol ypr @il Lopyl.ene randa | ock or
| npact  copol E‘FP&’? : [Qogtglorﬁ?{qﬁr% vé&?%h%%ﬁ%ﬁ?%?ﬁlﬁn%t@? Rtegt d{qlé‘:ﬂl Pocess
conprises a jRAIMNAR FprbdRataBvO sBRRtats ABRoD thdMII8wRl gixlafipids akdloffli8q Pr esence
"of a polymerization catalyst systémin a polynerization reactor to produce

one or nore [Moper priddiandsARIdre spEEcified e thispatent specificaticat i n(s) havi ng been

_made by converting an alcohol, particularly nethanol, using a nolecul ar
si eve cat al ym&ﬁ ilon. The preferred polynerization process is a gas

phase pol ymegd i on pr | ef;). i s _either
et hyl ene or [)dr@gl/l ene, lgfréges%rree er%é?%/ﬁ%?eods%@&%?@ggfgﬁ%géf@%cﬁ%yst emis
a supported gpval | TeeREot@Rs\alexayplePRpatdlionlfs melRbaAGH BV, pattidglafiyppor t ed
met al | ocene catal yst system conprises a support, a netallocene or

met al | ocene- & ysplecapbirpnopbosphatcamoleculay siewe., Praskdirgy|for maakingiat sivdtaor is a
non- coor di nat i ni on or al uppxane,. oy .conbi.nation.t f,.and st

ot or iyt ol siive sedin iR A RameS bHGToR dostinban i PLanCe Rt Bt i ns,
numer ous oth 4 ifEhedeLeReRBECtS. 08, Twhitk disf t; hngs)
recovered angj/gﬁdgﬁ%frbthe procg@%es desérzlayt)e’d ‘gl%lovel,s pﬁgg)r tlﬁgolfﬁ%rrg{eg 'E)ie
conver si on pref@esses, nore particularly the GIO process or MIO process.
These include, but are not limted to, al dehydes, al cohols, acetic acid,

linear al phal®P2kins, viongsolatien af 63-94:m9me o nhosphorisrackb (§5%a Wy iwajer)

chloride, et zene e 0xi | SQpr. | ceh

acrol ein, al T‘&yg?ﬁ'?ogﬁg?es gftg‘%('s OV %‘ﬁ%@%%@%@%ﬁ% ogg’ﬁ@?&‘e‘ﬁy eﬁ‘lg?/br opyl ene
rubbers, andsiagd)wahdded! shonadtigrind. 'THRR 1AM ofiniL6 STBAOH (1349678 wadrPPY | ene
or butyl enes.lﬁ‘% WO 2005%:?3145 gtPCTh;aEiJ’SZOOSI 8%%[1%% EXAI\/PFI%S [O&Q]I?I n order
to provi de awbenddad. irkdlys3Zridgramsodf psaedqboekmite alumioat(Condea Pural SB)

was added together with 6.22 grams of de-mineralized water. This shurry solution,

a synthesis mixture, had a composition expressed as the molar ratio:
0.1 8i0,/P2045/Alp03/TEAOH/34 HyO

[0103] This synthesis mixture was then mixed until homogeneous and put
into a 300 ml stainless steel autoclave. The autoclave was mounted on a rotating
axis in an oven. The axis was rotated at 60 rpm and the oven was heated in 8
hours to 175°C. The autoclave was kept at this temperature for 12 hours. After
crystallization a milky suspension with a pH of 10 was obtained, the slurry was
then homogenized before dividing into 3 Parts:

[0104] Comparative Part 1: 50.04 g of the slurry above. No flocculant was
added. Part 2: 50.0 g of the slurry above and 19.26 g prepared 5 wt% PEI
(polyethyleneimine) (MW 750,000) solution. (Preparation of 5 wt% PEI solution:
2 g of 50 wt% PEI (Aldrich, MW 750,000) and 18 g of bi-distilled water was
mixed with a spatula until homogeneous). Part 3: 50.02 g of the slurry above and
19.69 g prepared 5 wt% lower molecular weight PEI (MW 50,000 to 60,000)
solution. (Preparation of PEI solution: 2.07 g of 50 wit% PEI (Aldrich, MW 50,000



i ncludi ng representative advantages thereof, the follow ng exanples are
offered. [0100] LAO and ARl are specified in this patent specification.

EXAMPLE A [0101] There are numerous nethds wel | known fo Ki | ecul ar
si eves. Wb@&?’l%sng is an exanpl e preparation of a rmlpe(g ’H%DBQ&Q%
particularly a silicoalum nophosphate nol ecul ar sieve. Procedures for
making a simlar nolecular sieve used in the exanples belowis described in

PCT Publ i cat iter60@90)omdo 18408 plibi-Histiled Seeremsemixed woboan sppflehunst ful |y

phosphor o adtirogsSeneph B 2rnd Sakint B B Utk sRimeissel4RREE abooms
phosphoric a 0 a : r - e er,
4.15 grams ofaflet dauitiSof the( AQlulafit.!| Combavfise PHHQCandPRt St isBiffed SRAN,
116. 71 granms of TEAOH (35% 1n water) was added. Finally 37.75 grans of

pseudoboehni teagakterstireer (plae dea? PoiraitesSiBfore weeshimg d iringghatiteme Radt B v6as22 gr ans
of de-m neral é‘éiEd water., This_slurry mxture, had a

" tion, .

conposi t ihon dsdp matheptstyEng 9e. the bgnol %Eisqoﬁ)lﬁvlfﬁ%gtosﬁegﬁ é%ﬁ%‘i@é/‘# eAbiokz4 H20
0103] Thi i P i i t int

20300 m st ansadiney adfhifl 6 Sud Budeh Hla SRRl RETRARRRAIOR, el ot i ng.

axi s in an o\gf.3 whealsxithredamdrvdsBé€d at 60 rpm and the oven was heated in 8
hours to 175C. The autoclave was kept at this tenperature for 12 hours.

After cryst401053at i on Eachviof Gonepasgtsiesk ash L warts 2 apdH3overeOvashed direai3led, the
Compar at | ve BEHES Wb BEARY 5P ERULE] WSt dbose MRS Foa CoREE s’ Baded.
Part 2: 50.0 of I 1,2 .

(pol yet hyl enei ni n%%%%#é%?é?ggb@ﬁﬁeon. %epa %ﬁt}@ %%&wﬁﬁ?&e‘d
solution: 2Ppgrtof3 SierpidledrBind Abtbitless), ThY Faddvereq) praddctd Stig eimthésiglidsti | | ed

water was mxed with a spatula until hc_)rmgeneognsﬁ. Part 3: 50.02 g of the
slurry above mulebulargiayes, gvere dlpiad evemight 8 psvebed 20781 e The dricduwieights PE&G(MN

50, 000 to 60, 000) . lutian. .(P [ . PEI lLytj.on: 2, 07 f 50 wt%
Pl (A i ch eI G0R S vy GbaF A aRa B P do0b 18 B8 £0186 600) anc
18.1 g of Dbi »d phth! esloygt er was mixed with a spatula until

EXAMPLE 2

Conversion Process

[0106] The three synthesized molecular sieves above, Comparative Part 1
and Parts 2 and 3, were tested in a conversion process where in the oxygenated
feed stock was methanol, and the conversion conditions were 25 WHSV, 25 psig
(172 kPag) pressure, and at a temperature 450°C. The results of which are
reported in the following Table 1.

Table 1

Products Comparative Part 1 Part2 Part 3
C2= (ethylene) 32.34 31.59 31.79
C3= (propylene) 40.41 41.58 42.38
C2=+C3= 72.75 73.16 74.17
C3° (Propane) 0.77 0.58 0.54
e 23.59 23.60 23.04
'Life Time 19.01 17.15 17.26
1. Life Time is measured as grams of methanol converted per gram of molecular sieve.

2. C4" includes butene-1, butene-2, and higher carbon number hydrocarbons,



honbgeneous). Parts 2 and 3 with the PElI floccul ant i medi ately becane
viscous after addition of the flocculant. Conparative Part 1 and Part 2
were stirred on a nmagnetic stirrer platg for 25 m nutes before washing.
During tha¥oeiose1Ratt 3 was |eft without stirring on t hBChaNweMWs&HdIal | oned
to settle. This resulted in a thick white slurry settling to the bottom
with a substantially clear liquid on top. Then, Part 3 was also stirred and
washed. (0105] Each of Conparative Part 1, Parts 2 and 3 were washed three
(3) times with about 180 g of distilled water for 10 m nutes in a
centrifuge atl038T0 r pnivhiledhovprdsenicingention ioshyan desoribedand illustmtednbizy whi | e
that of Parts and A Parts were clear and cqglor).ess. .The recovere
. product s, theregfi‘;?ﬂcﬁegjl pagic I%‘Eﬂc‘g‘?"eatf;’ea@§? Q%lef”éiu&f’rrye%‘] VB Hieg At Wﬂl air at
120C. The dri ' : ; i I j :
Compar at  ve PAPCCRO TR S iVefiof 1919600 VARARGH N B BB LSt by €
- Conver si on Priegeias KdtléGmpld)dt ishcomenplatedahazatt abhmees havlecuileveisvesnagy e,
Conparative Part 1 and Parts 2 and 3, were tested in_a conversion process
where in the 1seensEable anl the pregense pfiongaer Mot aegulandnd Fordhis gassons theh.
conditions were 25 Va1 A5 pSi 2. kRag)_ pr. ure. and at a te rature
450C. The r esﬁfe[r%ncg}l\%ﬁl% ﬁbea ad%r %‘%‘%‘3& (ta(g tﬁ% %pﬁ)gg%% Iv’i(aiav’lvlm gg&agwoﬁe.s ble 1
Product s Conp@diahiinia B%’ﬁ-uelscegégft%e adsbnidnvéation( et hyl ene) 32.34 31.59 31.79
C3= (propyl ene) 40.4% 41.58 42. 38 = + C3= 72.75 73.16 74.17 C3 (Propane)
0.77 0.58 0.54 ZzZC4A+ 23.59 23.60 23.04 'Life Time 19.01 17.15 17.26 1.
Life Time is neasured as grans of nethanol converted per gram of nol ecul ar
sieve. 2. C4+ includes butene-1, butene-2, and hi gher carbon nunber
hydrocarbons. 37 WD 2005/ 113145 PCT/ US2005/ 016199



101071 Wil e the present invention has been described and illustrated by
reference to particular enbodi nents, those of ordinary skill in the art wll
appreciate that the invention lends itself to variations not necessarily
illustrated herein. For exanple, it is contenplated that one or nore

nol ecul ar sieves are recoverable in the presence of one or nore

‘floccul ants. For this reason, then, ré$erence should be made solely to the
appended cl ai s for purposes of determning the true scope of the present

i nvention AIM5 1. A process for producing one or nore olefin(s), the
process c%g the steps of (a) introducing a feedstock to a reactor
systemin the presence of a nolecular sieve catalyst conposition conprising
a synt hesi zed nol ecul ar si eve having been recovered in the presence of a
pol yneri c lam né precsecior arpducipg pnewr mere lafngs) ftho piogers cpmptisiag theystepeafian

e aent Str oo pfddifd o RRASbARCI R A HER T, BRGrBRAHAN ALERAXRLY System
recovering at ast Phet dne or- more olef R s?. : € process of craim 1
wher ei n t haalygedsibogitiorcamiprisimys synthesivedmolecudanysiperdbeing bden rebeveppddgcess of
claim1 V\/r]}eﬁrei n the synthesized pol ecul ar sieve is synthesized from a

synt hesi st 'W?Sﬁ?@@&r?ﬁ%fﬁ@ﬂ&n% P5cU8Ab sour ce, a phosphorous source and an
al um num  sour Gf widBiawiiPtrbi thdlrehbi6r BERFERGEN Rt drdafRh@t i Ng agent. 4. The
process of claim |l wherein the fornul'ated nol ecul ar sieve catal yst

conposi tion f s passingdlmeiflned gasithugh @reconeryssystemnirboovamngatiledst ths onerore
process of 0(i;I itgal wherein the flocculant has a nol ecul ar weight (MN in the
range of f1°6 ,(6)00 to 800,000. 6. The process of claim1l1l wherein the
flocculant is present in an anmount of about 0.0 1 to 10 wt % fl occul ant
based on the total weight of the synthesized nol ecul ar sieve. 7. The process
of clai m B whel&8 Progess of elaie |, Mhsrei the feegptackesamuisps ona s MOse ARYSENateR- NH) x,
where (R-NH) is a polyneric or nononeric unit where R contains from1l to 20
carbon atons, and x is an integer from1 to 500,000. 8. The process of claim
| wher ei n3t he Thopoutsanf clasn i efherdrethe ephthesizeh exclesnlabiave is-synthesized from

:\I SHCHfZ ?;ﬁq )ag%rgﬁle%gg%%lzry ch? ;gﬁs%r%_l z? si;IicorP §0u1\"c\fg,e af [‘Jel{ogphrgrétxss sfcalrjrcf):E:n a%g at% glu%?ﬂu%oo’ and n

source, optionally in the presence of a templating agent.

4. The process of claim 1 wherein the formulated molecular sieve catalyst composition

further comprises a binder and a matrix material.

5. The process of claim 1 wherein the flocculant has a molecular weight (MW) in the

range of from 10,000 to 800,000.

6. The process of claim 1 wherein the flocculant is present in an amount of about (.01

to 10 wt % flocculant based on the total weight of the synthesized molecular sieve.

7. The process of claim 1 wherein the flocculant is represented by the formula: (R-
NH)y, where (R-NH) is a polymeric or monomeric unit where R contains from 1 to 20

carbon atoms, and x is an integer from 1 to 500,000.

8. The process of claim | wherein the flocculant is represented by the formula: (-
- NHCH;CH3z-)[-N(CH2CH,NH,)CH,CH;-],), wherein m is from 10 to 20,000, and n is
from 0 to 2,000.



39 9. The process of claim1 wherein the synthesized nol ecular sieve is
selected from one or nore of the group consisting of. a

nmet al | oal um nophosphate, a silicoal um nophosphate, an al um nophosphate, a
Cl-1A franmewor k-type nol ecul ar sieve, an AEl franmework-type nol ecul ar sieve
and a CHA and AEl intergromh or m xed franmework-type nolecul ar sieve. 10.
The process of claiml1l wherein the gresger than 1000 Kg of one or nore
olefin(s) is being produced. 11. The process of claim|l wherein the one or
nore ol efin(s) include ethylene and propylene. 12. The process of claim]l
wher ei n t Be syTfhdywsiezedf dailet wharinshe vathesizédmoldcalaesievanis eelected fromul at ed

nol ecul ar _si eve caftgll %st corrgosi ti ony tne for mjfaoa's?gc{ nol ecul ar si eve
catal yst “RGIHIBUF OF U BERRSOPEFS Aframeo ot WonoRbeshitie @il ar sieve, a matrix
material, siagshi@hbshogptale, adaki osphte, mmﬁﬁé@é&c{ygﬂsﬂwaﬁs%er@ki ng one

or nore olefin(s), the integrated process conprising the steps of: (a)
passi ng aAhy fpweuekdrs welpselacsieveqnd adshiy and pES intererayvth poméxedo produci ng a

synt hesi s r acting the synthesis gas streamwith a
cat al yst i&gagv(\)"?ﬁrﬁt n o?‘%g)e'%ﬁi?%' feedstock; and (c) converting the oxygenated

feedstock into the one or nore olefin(s) in the presence of a nolecul ar

sieve catalyst_conpositiqn, fhe nplecular sie catal.yst conposjtion
conpri si ngb'a sl}l?ﬁmg%q%tﬁwm beesin B vater o X§0%§5ﬁf PRR.H/BPTE@ISTH(S o
presence @fin@pR@hdegeri ¢ amne flocculant. 14. The integrated process of
claim 13 wherein the process further conprises the step of: (d)

pol yneri zing the one or nore olefin(s) in the presence of a polynerization
catal yst into a polyolefi.n.. 4 15 The inte .progess ;of claim 13
wherein th& ox éﬁsﬁ%a"f“é%‘&l ggﬁre@otpr‘f)f’?es Jnot iﬁig‘gsgln?chf%eeﬁmleé’feiaﬁﬁs) i ncl ude
et hyl ene prgylr@pyl ene, and the synthesized nol ecular sieve is a

sili coal um nophosphate nol ecul ar sieve. 16. The integrated process of claim
13 wherein the floccul ant has a nol ecul ar wei ght

12, The process of claim 1 wherein the synthesized molecular sieve is formulated into a
formulated molecular sieve catalyst composition, the formulated molecular sieve catalyst
composition comprising the synthesized molecular sieve, a matrix material, and optionally

a binder.

13.  An integrated process for making one or more olefin(s), the integrated process
comprising the steps of:

(2) passing a hydrocarbon feedstock to a syngas production zone to producing a
synthesis gas stream;

(b) contacting the synthesis gas stream with a catalyst to form an oxygenated
feedstock; and

(c) converting the oxygenated feedstock into the one or more olefin(s) in the
presence of a molecular sieve catalyst composition, the molecular sieve catalyst
composition comprising a synthesized molecular sieve having been recovered in the

presence of a polymeric amine flocculant.

14.  The integrated process of claim 13 wherein the process further comprises the step of:
(d) polymerizing the one or more olefin(s) in the presence of a polymerization catalyst into

a polyolefin.



(MN in the range of from 10,000 to 800,000. 17. The integrated process of
claim 13 wherein the flocculant is present in an anount of about 0.01 to 10
wt % fl occul ant based on the total weight of the nolecul ar sieve

synt hesi zed. 18. The integrated process of claim13 wherein the floccul ant
is represented by the formula: (R-NH),, where (R-NH) is a polyneric or
nmonomeric unit where R contains from B#0to 20 carbon atoms, and x is an
integer froml to 500,000. 19. The integrated process of claim 13 wherein

t he flocc antTkEs e resent ed

th
( - NHCH2CH2? ffmfgﬁz 13 }”hCWPe‘}hE Prysepied foedstpdlocqorises 000,  and
nis fr Om&tﬂaﬁolzt}QQ@eﬁr@g inclhd® dthy 168 a?iﬁ%go_lp(ﬂ"léﬂﬁ%a R syntiRbized BolbakSidvet he

flocculant is yet hyl enei m ne. e integrat'ed process of claim13
wher ei n thﬁeaﬁm(@&mlaﬂpf@ﬁmmalegﬂllylsilevecorrpo& tion further conprises a matrix
material, and optionally a binder. 22. The integrated process of claim13
wherein the flocculant is present in an anmount of about 0.01 to 10 Wt %

f 1 occul antigbas@He ihtedrited pateds ofeiaght 3 Ofhetelttths Yot didait B&oh Mbleedlbl weightsi eve.
(MW) in the range of from 10,000 to 800,000.

17.  The integrated process of claim 13 wherein the flocculant is present in an amount of
about 0.01 to 10 wt % flocculant based on the total weight of the molecular sieve

synthesized.

18.  The integrated process of claim 13 wherein the flocculant is represented by the
formula: (R-NH),, where (R-NH) is a polymeric or monomeric unit where R contains from

1 to 20 carbon atoms, and x is an integer from 1 to 500,000.

19.  The integrated process of claim 13 wherein the flocculant is represented by the
formula: (-NHCH;CH;-)m[-N(CH,CH;NH;)CH;CH3-]n), wherein m is from 10 to 20,000,
and n is from 0 to 2,000.

20.  The integrated process of claim 13 wherein the flocculant is a polyethyleneimine.

21.  The integrated process of claim 13 wherein the molecular sieve catalyst

composition further comprises a matrix material, and optionally a binder.

22.  The integrated process of claim 13 wherein the flocculant is present in an amount of
about 0.01 to 10 wt % flocculant based on the total weight of the synthesized molecular

sieve.





