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present invention relates to a nol ecul ar sieve

catal yst conposition, to a method of nmaking or

form ng the nol ecul ar sieve catal yst conposition, and
to a conversion process using the catal yst

conposi tion. Back round O The Inventlon 10 O eflns
are tradi M. /L] ; d Nock by
catal yti PrS)MAﬁm@TANbaﬁgmﬁ @omgﬁm‘ﬂmém gki ng
processes, especlally steam cracki ng, produce gnt

ol efin(s) such as ethyl ene and/ or propylene froma

v &HieldtOf Dhe Itvedtiogar bon f eedst ock. Et hyl ene and

propyl ene are inportant comodity . petrochem cal s

usef ul Thg PéeS%trlFl‘é?l}FO@ffelﬁ’ﬁe@B’e%@@lsecfﬂ@F SIFEk Paifyys Icamppegon, to
g‘n [’1&?5 1']1&1{1 E in ﬁ’lg%lil&)glﬁl{ sfgbg czﬂgl Etoc% 1‘1?1%11, and to a
n own oxygenat e y
a|c©ﬁi7§il$18n pﬂfc@ssﬁmmg&hé b'hhl@stlcbtn@okmgﬂnt OI ef I n( s). There
are numerous technol ogi es available for producing
oxygenates including fernmentation or reaction of

Sﬁﬁkﬁ ﬁhﬁuﬁ@ Qﬁ@lﬂ@&ﬁ%ﬁd fromnatural gas, petrol eum
-q-urg's—tm-g'oﬂatema erials including coal,

r e cycl edlefphagt traditionalh} sropeled ist fetlermn YeedktB el by catalytic or
anic material. Cenerally, the production of

ReKIRERIOFeRIes. VielesCraciing BIoresses: esneeiadh smam cracking,

Fﬁ’?‘g&ﬁ 5 R o BRRS Py PO L s S e
Smgﬁfzaﬂbbﬁ deedbtooln thﬂéﬁﬁﬁ%)r@ﬁeﬂb@ré iRt ccﬁﬁhﬂodlty

i nclude 25 conventional steamreform ng, autothernal

r deBPeHeAycalypseilldn pyRe 06 Arockwseeior makmanlasics andether
pref for light olefin production, is
BhalaPORGATe. . |

typlc ized fromthe catalytic reaction of
hydr ogen, carbon nonoxi de and/or carbon dioxide in a
reactor_in the presence of a heterogeneous catalyst.

For 30 Tdweasppehemipal drdisEy heemive thatquesenatest paoiblly s

R MSETsE S SR8 AL O s Pt Rifigeie
C QRNigdbid R pifdudHg kY énhil iRFIdiASRPN 44t @Bd0redction 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.

Methanol, the preferred 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 methanol conversion
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into primarily ethylene and/or propylene in the
presence of a nol ecul ar sievg. 5 There are many
different types of nolecul ar “si eves well known to
convert a feedstock, especially an oxygenate

cont ai ni ng feedst.ock, into gne ol ef |

aEt eourEDERI T n 04 yliePlocRh s upest BYTRY. wher
Mah @& {idchhteStypiaRy mosy BRAMNSINE RXVERR, inRIRinkA{IP thylene
solids having pores of different sizes that

s ahdlot propllgnainstbe praseasedlaasoledvdar sisaip. ent er t he pores,
and excl ude other nol ecules 10 that are too | arge.
Exanpl es of ol ecul ar- sieves useful in converting an
oXygenathgrd A& tafy afffedérit by RE 8 mblledulaPdibRRtwdlPknown to convert
5,367,100 describes the use of a well known zeolite,
Z8NE&Istock, espertalyt amestyigamade cantdining fesfdistocks,)intolens or Rerent

No 0 905 di t he,. i f t I
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CroyibbAd Add\ki@dsU e Radusis6 BdEhaA B8R dok&Sof di@ére R gt
Zeolite T, 15 ZK5, erionite and chabazite; U S. Patent

Nocled @030 dekculehthst ¢aneentes thegfor&Shid &4lude atlerneolecules

hanol to hydrocarbo rodqucts such. as ethyl.ene and
b grdne ety SRR s sies HaouiBeopTHes an
P roQ?%%ﬁ'a‘%Qnﬂo‘ Ain(9) £81 VLS PatbhiAB. 3B A 108MRcrives tHedis8 of a well
crystal | i ne al um’nophosphates, oftenh represented by

Ak zeolite, L B-5, Rat@rvertMosthaholihfy Sl2fin@EdE.Si Basnt No.

il [_um noph hat e nol ecul.ar si eves (SAPO), 20 e
oA I e il coR TR ok FethBgAnd odfer 3 Hedaies fyethylene
Nehi ?ﬂﬂ)lyle'nghﬁng b&fstallir®) alurdiBlifigdtt xeoﬁli&l, Bk ahp R VAR T,

are Torimed into nol ecul ar sieve catal yst conpositions
t Kl syprionite dnideshabaiiteaiS. Patgnt No.chiPe0USi deiscritens er we @ff ZSM-

raocesses. The colljsjons within a comrercjal '0cess
bt Bon e arthato! i hstisATh i PIRGCHS ioRas othylenn ab Bopane;
tﬁﬁs.?ﬁf&{t@fo.w@'lbﬂogg&rﬁ&? bdh& fi to?éﬁﬁf(&)’ﬁ%xﬁ%ﬂ%ﬁcpfé e

particles to ~breakdown into sma r particles ca
f iusing .a cTystallileydimmadophosphkteaften frefrbeentedmlyeXiiP@y; and EVE

cat al yst ition particles is known a ttrition,

P SERLNg: ig@@f foéesrﬂﬂb%ﬁé@éﬁw@?@%%ﬁef%@ewg@s (SAPO),
T igRe 8f Melifsbt %%'ifﬁl thORcHIRAGERE é%rrbofa@&ti Alhol into olefin(s).
containing e uent stream tal yst tonpositions :
havi ng a higher resistance to 30 attrition generate

fewer fines; this results in inproved process
oper abilyPicplly. anelepulasieves ans fpmpedigiagaaliepnlansiens qatplyst

S PaE AR ROl LA o

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



overal | operating costs. It is known that the way in
whi ch the nol ecul ar sieve catal yst conpositions are
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attrition. 5 Mol ecular sieve catalyst conpositions are
formed by conbining a nolecukar sieve and a matrix
material usually in the presence of a binder. For
exanpl e, PCT Patent Publication WO 03/000413 Al
p%gghﬁgggaﬁgngg&y 3, 2003 discloses a low attrition
nol ecul ar “sieve catal yst conposition using a

synt hesi zed nol ecul ar sieve that has not been fully
dried, or partially dried, in conbination in a slurry

Wi th aItlle)lew that thetveayi 1awhigiothe imodeayia gisve catplyst  PCT
P : i i 00412 '
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C M@lkotdr sieve RRaBist dodipasitidEs erFohyed®Ndonitihing @ rhél8culd sieve
of the slurry above the isoelectric point of the
n8héa maiix Biatoyial usyally inrthe presenngoif p binden nFeapiople, PER

A e

Caffitsh molduky sievdéaigdya compbditioisife & ¥yiiased etblecular sieve
nmol ecul ar sieve, a binder, and optionally a matrix

et hpsot baprefudlyirigd, gyaeriatly dpipd.vibicombingtion hea slyfrywith 2

C 1 es. .havi A t Ss. t

LRI b fotillf D peIaIER PybESRoh 30 ffiiogse A1
290Blishel T lnaiys3, 200 iRcisdéd ¥/low AGRIOADGIEAarieve catalyst
reference, illustrates nmaking an attrition resistant

nEPEpotiten piodyesd by contrellipg theqdtrpbithieslusry dbpve thetisasldctning

t he. L9 of a.hinder lLecul ar sieve,. U

p P Bt 8 e B8 L SR AR o PhEN g R i

t 2663/001B238 Fublehied FnusHENE 200REHEThalGIP R hitdior! Bolecular
renove a portion of the tenplate used in the synthesis

ofieve prialpigficenppsition by weking aglurPaemsynkiesized Swlccales sieve, a
et AT onBp B ey il o Beioi et ng B e
MBluRG oatains ipAMR 168 hatiRB ladli fh&er leQHs 20LAt U.S thamht

particles and virgin nol ecul ar sieve and having been
c ApplicasioniNo. 18T 456 Hidedt Tomp R4t 2002y which hehereindolly ar

sieve cat St.. It i | so known that in fypica .

c °6§8ﬁ%¥66%f8%¢§e§ﬁlﬁﬁ%\tﬁs KBgara _EO%¥eé18¥85£@85q°Hlaf pigve
r egaNst donositvA b @ShESHn S MeesHt 6f 2 Bin8MSS a nld1E&Rar slieve. US.
floccul ants are known 30 to facilitate the crysta

r BelenieNg. @HB,363 is dueded to & methpil of beap treatdgamoiecolar sibee
synthesi zed nol ecul ar sieve typjcally in a |arge scale
RS R PopBR S ok Bk frnts Gasip Haties’ ot

the molecular 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.

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.
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having |ower attrition resistance. 5 Although these
nol ecul ar si eve catal yst congpsitions descri bed above
are useful in hydrocarbon conversion processes, it
mould be desirable to have an inproved nol ecul ar

{ h tt { t
v e I SN
a@sm@ Q8des AYAMRBQn rebtlt By THEEDMThtiod6F c'ath}%BEé sHiHrs
invention generally provides for a nethod ‘of naking or

f deving dawergitsitionpisistucar si eve catal yst conposition
and to its use in a conversion process for converting
a feedstock into one or nore olefin(s). 15 In one

enbodi @ﬂfou&lh&eéé%@fé&ﬁlgﬁsw\% Shtd196 bOHpsPtichsREBEd hBbve are
fornulating a nolecular sieve catal yst conposition,

t Méefnbmﬁwdrcx@@tf@pn ICQIIIMIQHWETOS%@% 1tovou1<4 by desprableitdhae @

s thes g n@fecu alrt si,eve ha%u n ecovered in
PR BBy Soke P3P Snpstipn lotRE Pt FiF Bt poiigoe

t Bﬁdﬁéﬁﬁﬁﬁf&ﬂ@%sﬁ&ﬂl@%@rﬁﬁh )Fcost &dyalléNg a slurry

of the thermally treated synthe3|zed nol"ecul ar si eve,
a binder, and 20 optionally a matrix material, (d)

fsrrﬁ ng tQE;EI ilrré to produce a fornul ated mol ecul ar
S ition. In a preferred embodi nent,
the synhhaaiafidn BRIrAGHHBYideE R R h&h&Y Mﬁ%ﬁh% S?fofrﬁlﬁ g a

synthesis mi xture conprising one or nore erab
t mlfmulame@e catalyst compbsitiai byd tohitsaesedn a nmnx&rsmdin process for
hosphor ou ce and an al um num

s ?HVCC ,mgoap#ée(gsﬁ%‘ikl 191%| GRe1OR Bt 8]§§Hé of a 25 tenplating

agent. In a nost preferred enbodinent, the slurry in

step (d) is formed by spray drying, and then

opt i on&l o1 embralipntalye uhvemtbnfio diredted toch methed doreforrmilaties a

C a ?(lﬁ:éialtr g%%%%l&%bﬁﬁ]pb%ﬁé@léﬁ% &%&odaggpgglgg Itl%le sttgps of: (a)
tovidife AHThRORAARIGRIL,

rTFum r%lg%hoggitlwat e, a chasgge ;ﬁ %\LI%%H% qﬁmﬁk r@sen@@of

mefloceilant; &) éreemalty treatifplhesydthekized mvkcalaoyithe; 3@ rﬁzlikmg a

pmﬁlﬁfer%P?ra"Ew V%Eeda”?ﬁt PP OH P 15004 Bnamtent s,
23%5/ 033120 i ugg 4?‘8{%&%&1{1&9 16 piBUoc ¥ Formuated
molecular sieve catalyst composition. In a preferred embodiment, the synthesized
molecular sieve is synthesized from a synthesis mixture comprising one or more,
preferably two or more, most preferably three or more of a silicon source, a
phosphorous source and an aluminum source, optionally in the presence of a
templating agent. In a most preferred embodiment, the slurry in step (d) is formed
by spray drying, and then optionally, the spray dried formulated molecular sieve
catalyst composition is calcined. 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. Also, in a preferred embodiment of

any of the above embodiments, the amount of synthesized molecular sieve
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provided in step (a) is greater than 250 Kg,
preferably greater than 500 Kg, and nost preferably
I n anot her pref er PeT/US2004/019346
enbodi nent, the invention relates to a nethod for 5
synthesi zing a nol ecul ar siewe, the method conprising
the steps of. (a) crystallizing the nolecular sieve in
a slurry, the slurry conprising one or nore of a

Sid . . ' h

S SR MR e Bl M A0 Wi i PRSI i, ana
f nouse ptefrhblwigtdatdr femmbbwclita K si eve; (c) recovering
the nol ecular sieve; and (d) heat treating the

nol ecul ar sieve, preferably at a tenperature in the 10

. t. X f I
(1 om ato OB Hbe AtbodiheBe B intion AREE i Bt RTo”
f spathedicing a H0&ulp siebquhe H6HGd cbinpaising tief @Egsedt: (a)

enbodi ment of this enbodi ment, the slurry conprises a
s PPt e groleculay SiEVe i fBHTY olie sty copivsisipBone g8 more of a

S [ ent . anot her pr.eferred ]
S8 e R 3 B g A g
r €eoataetindy flocdulandtiithrihe ddldenlay Sieval o) BsvelhL iR h&Ecular
enpbodi ment, the anount of nol ecul ar sieve recovered is

gPe%Eefnd (43 heatdrsating the molesuissisicvemaeferbly HarteBperatg in the

o~ Lh 1000, Kg. | o
AR ol Bl POt B 230 IR st Hrom b B
debatt180°Q, and mo2OpreRi Al bOrabber T00PE L6 Ashud 19PICE GH har
si eve catal yst conposition, the nethod conprising the

sPEersyd embodimeniioh éhis emhediment theclinay cornpisss & siligon source,
[ , t hesi zi t.hod of st A
SRS R SOREL R P AR A TR Sl b

mptefatddasmisidnient] i seepSy)) tiEBbRCIbX iV rddBerS@ bl Fithfion.
the nolecular sieve in a vessel by introducing a

f oY anether preferie cappdimest, shadmount of modseulae sioverdcogpred is
balEh B S5B B BTy b bt et Bt Ly srater

t theatiedo el ecul ar sieve with a binder and a matrix
material to formthe nolecular sieve catalyst
conposition. In this enbodinent, it is preferred that

S AR I . S oo
t hiathoffbPforiblaihe R miotdculdd 3leve cRWEH Rhpokitidn, thg Hebhod"

9,

the synthesis mxture is separatéd 30 fromt
nerersigieg theistepeof: @ dyatlielizing aatolédubrsidvai a smdfi@r vessel, the

e 08PN PAh S P SERSE R st
te10a? G 3bshAthefis mixture; (b) settling the molecular sieve in a vessel
by introducing a flocculant to the synthesis mixture; (c) recovering the molecular
sieve; (d) thermally treating the molecular sieve; and (B) combining the thermally
treated molecular sieve with a binder and a matrix material to form the molecular
sieve catalyst composition. In this embodiment, it is preferred that the molecular
sieve in step (c) is recovered by filtering the synthesis mixture. It also preferred
that prior to step (c) that a portion of a liquid in the synthesis mixture is separated
from the molecular sieve, and additional flocculant and/or liquid, preferably water,

are introduced to the synthesis mixture. In the most preferred embodiment the



PCT/ US2004/ 019346 nol ecul ar sieve catal yst conposition
is calcined after step (B). Lastly, in another

wonrefs@ssied enbodi nent of any of the above enbo#CTRISRE®4/019346

10

15

20

25

30

the reactor vessel is capable of producing greater
than 250 Kg, preferably greager than 500 Kg, nore
preferably greater than 1000 Kg or nore nol ecul ar
sieve in a S|ngle batch 5 In yet another enbodi nent,

éch A 'gfekfg Ié/st dor %gf‘:ﬁgng ca, cr’i@ rdo qff? Sstg}; Z%)Jvlga{sadﬁ%iaplgther

rn(s) ence 0O

spfafaeai e}ﬂﬁbdﬁﬁlaﬁ(‘dﬂaﬁy of B au@@ @ﬁb(fd‘i}ﬁ&ﬁk ah@féa%{ ISUENY
sl eve cat aQ%J'st COI’TpOSI tions. Eal’tl CU ar ,

p EarRablesofips omsgrpat@rdhm 2@ Tégﬁfrﬁ (@}y greatar mamée@ Kgf more
f f eed
R S i e RO R R

cont ai ni ng an al cohol, and nost preferably a feedstock
contalnln% met hanol in the presence of one or nore of
t he folhygtanehengnlediment, tiedwenton &l dicrted dorp psicessoos

il e A TN R e W

t elemgschrdorimliged hivlechiR ¥RvE adtak M TbrpBERSSY. t]h%mcula"r She
maki ng, and to its use in the conveéersion of

f BrogetsdRYOlVetrsodIvEngnlefin()in agiredess {e)converfing arfded$ted<

ve. cat al yst co osition is
FBIERE05 R B G oSO RERe i B Hbls faedbock
medrRgitinglanSil@he]l, add Rk réfei’%hﬁ‘i fe@ﬁstoﬁ@&nté?ﬂih C#nX}hm the
nost preferably, a binder. has been dISCO ere

WASFENCE 06 98g PTtjorezof s @ﬁuula‘redsn@vcaﬂmmvh@a'qabe’smmqmsﬂfons

nt in a nolecular sieve synthesis process,
ﬁm&géﬁfﬂgglzed nol ecul ar sieve when thermally treated
prior to fornmulation with a matrix material, and

optionally a binder, maintains or inproves 25 its

rwwﬂ ous conversion

p QeesSes, MOLECULAR SI EVES Mol ecul ar si eves have
em cal and physical, franmework,

c h ar actTes invkhisch is M}E&Ed“toﬁxfar@é ﬁl‘é?e%uﬁ?gl%vp E&1 Wolnposmon
classified by the Structure Conm ssi on of "t

| ¥t mekiagi and4b itBest intthe mmmsncart ofcanfeedsmkdnﬂ@g)nb @r hfoee

R A SRR S50 ool vl s

206/ 03t OF (REEOMBRIG S8LB8Rcular sieve, a matrix material, and
optionally, most preferably, a binder. It has been discovered that when recovering
a molecular sieve in the presence of a flocculant in a molecular sieve synthesis
process, the synthesized molecular sieve when thermally treated prior to
formulation with a matrix material, and optionally a binder, maintains or improves

its resistance to attrition in various conversion processes.

MOLECULAR SIEVES

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 to the rules of the

IUPAC Commission on Zeolite Nomenclature. A framework-type describes the



7 connectivity, topology, of the tetrahedrally
coordi nated atons constituting the framewrk, and
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those materials. Framework-type zeolite and
zeolite-type nol ecul ar sieve§ for which a structure
has been established, are assigned a three |letter code
and are described in 5 the Atlas of Zeolite Fr anewor k

h edit El L d 200
o BERei B ioae 0f 106 ‘SirbETaly SHBYAGd phTe eRed g
acﬁ%mwlandmﬁ&gg@fawﬁa&mnm&%gb@}ﬁc Bl Ric Yo

structures and characteristics ee v Bekkum et

alma,terlalﬁ rirdmewopkatype z&dt addzeSticcypemaistular sievéscer which a
ond cléganglec%t %@&ﬂl@l}%%\ga%gg%g{] %@ eeQ%ﬁagpg eld%]:ﬁoarr]qéescnbed n

’\QEJ‘%"I& olie A9 ddewhil ei" $ 11 fod, li‘i{lée% m?lgﬁ’ Mg

herein by reference. Non-II mting exanp € t’hese
MP@OA 0| velnicls ischeesin fixlky Mb:Epenawldlbypefemnceromedﬂﬁronal eves,
AEI AFT, APC _ ATN, ATT, ATV, AWN BI K, CAS
cfpformppisn qusROlepHAr sigys typesceiuckirgs andpbar aE@{}'Stl(LSTﬁe VRN,
P’ﬁ’ékktl?rh" et al 5Inlt:%9uct% ZEbke 5%9?&&%2?15%%@ g‘eéo%%@om,:pletely

thereof > the medi um pore nol ecu si eves
ElllByzsérEdznd Eﬁl&ndé&EEdztzbﬁ,l Yolivihidy1 3W)Hlseviédfciane, B.V., Amsterdam,

stitu r hereof ;. and the | arge pore
nriﬁ? ﬁs @Pﬁﬁegﬁﬂ%mﬂw&@y la?fapor@t?ém«ftna BETrERses
thereof. O her nol ecul ar sieves include ANA, BEA, CFI
CLO DON, GdS, LTL, MER, MOR, MAW and SQOD.

Non- | i NonHigitimg@amhpkes of t}teknanalécmaﬁﬁesres efk tive kmall pare

S B AP, B S N R s e
A@HI PRY, D E%RI%}) %Lﬁ%@(ﬁﬁ& MBN ﬂAﬂj ' PHI,

MVER, > MFI )
P lRH(é,rR(éG THIY dhdreuttstitutddefonms &ﬁtdo&rthsnﬁdﬁnoﬁoré olecular

i nventi Qﬂf an. AEl _topol o or a CHA topology, or a
c SiFBPsh |Cb L LU HE ER M MTYH Mt A@Nb e 25

t Igﬁlgsﬁﬂft ﬁ{@édf" ! r| ng egﬂ)ge L—r%g&ﬁlap gfeseﬁﬁ\ff lﬂ[@U and

S| eves %ave roma’ -ring or’greater

f sabseinnek ol eherdaf. @thﬁfrelﬁcﬂécrum‘ sﬁﬁ’é@ﬂibmﬁetANA 'BEA, CFI, CLO,
mol ecul ar  si eves have - rlng structures
1

oDG G LERaVHR A0ORaNEN Fored $OPe Nan-dheitias cramajes othe

d R

mMi¢edstotlaints bRARS), ihclude BEL IARIYARY, QSEW @MA[ B0, POUESFIIO

2%%? /I_(,)TA L’IQL, MER, MFI, MOR, MTT, MWW, TAM and TON. In one
preferred embodiment, the molecular sieve of the invention has an AEI topology
or a CHA topology, or a combination thereof, most preferably an intergrowth

thereof.

The small, medium and large pore molecular sieves have from a 4-ring to a
12-ring or greater framework-type. In a preferred embodiment, the molecular
sieves 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 a SAPO molecular sieves, have 8- rings and an average pore
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from3.5A to about 4.2A. Ml ecul ar sieves based
on'silicon, alumnum and ph%sphorous and netal 5
cont ai ni ng nol ecul ar sieves thereof, have been
described in detail in nunerous publlcatlons |nclud|ng

];vgirze ?&%ﬂﬁh%ﬁo&fi pE%l r%ggy 1%%16§%h§929fet%§18 ﬁg to A! grlg,r -p}_ore
( §1‘b‘?@)1bly FronopRa6 alist ArvA, aﬁ@ Bidsﬁ%efe%blﬁﬁbﬁ 05459 624 4.24.
(ELAPSO where El is As, , Co, @&, Ce, Fe,

Li, Mg, Mh, Ti or Zn), U. S Pat ent No. 4,554, 143
nts.No...10 4,822 47 683, 217

A 2’@‘&1@%%3%38%09\81@0%@1%%eri@di@splﬁsgf)%@nwetal

45
| % ok Eﬁ%l@%eﬁt&f@f ]lﬁt’l'e 485 cl(\e;gé}ﬁf’eg@l dletle'_rﬁ 1&&;131%%

upehlicetiensrinclning forzaempln U S\ Bam; NoERS6A029 Q.MSABG)ONhere

TR, 25 95 6BLTES Rfegsdyo 4448 e 00 Wyropeas paten

4 APBhcatiol 3
A U0 ACOAE S, 11 006 o

Pkt &g, M. Ti o1 ZnpdJ.§ 3PateNRgc)54, 143 $Fe@®)3ﬂi1 S. Ments No.

4528498 o8 10 Sad st PUD e AT 55 958 R Us. Batent No.
v o o o

4wbars Bigs QopEapdy, Mu, i or%t)eﬁt&s Phiest Nd., 53R),082(A1PO,), EP-

U T T T
497,960 BN oS UL A ¥ RGO

(48&&;9@ (GeARS)), Pas.dtatent Nos 5,087, 5953(551{50) 4].SSHataB Nand

1355 8P PEORTS, Patghig Nasaduie DR and 4248 1864CrAPO), US.
(AR5, P10 2IRIBLL O 20 R AT ANPS0). DS

framework oxide unit [ QU2[), “as welT
Noient NG 8,550,193 (FeA3) LDS. E’ate‘ht B14894.21% (XQ8PSSY U.S. Patent

ZuNso ORL8S (Rs3BENTHS. Pateds Nornar586 0888, b SOMmATDR. 533

k) g5/q;‘ef\"lgésh%)olg8S e RN 6?|5$%%1W5£)8"gtem

(Iﬂcr @,”6)7 35, (BeaPsos, IOISZM&téI)Lt N&., 494D, %QBéAPQ) 12 8. Patents Nos.
(4} %%@4%é%gg% 99%4}(8%%@@@ 75 463;\}8 %S%atselsl s N06s 2 280 g(S) 14 |
4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO,
where Q is framework oxide unit [QO2]), as well as U.S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384,
4,956,164, 4,956,165, 4,973,785, 5,098,684 (MCM-41), 5,198,203 (MCM-48),
5,241,093, 5,304,363 (MCM-50), 5,493,066, 5,675,050, 6,077,498 (ITQ-1),
6,409,986 (ITQ-5), 6,419,895 (UZM-4), 6,471,939 (ITQ-12), 6,471,941 (ITQ-13),
6,475,463 (S85Z-55), 6,500,404 (ITQ-3), 6,500,998 (UZM-5 and UZM-6),
6,524,551 (MCM-58) and 6,544,495 (SSZ-57), 6,547,958 (SSZ-59), 6,555,090




6, 524, 551 (MCM 58) and 6, 544, 495 (SSZ-57), 6, 547, 958
(SSz-59), 6,555, 090 WD 2005/ 035120 9 PCT/ US2004/ 019346

wORiB036ie0o and 6, 569, 401 (SSZ-64), all of whi chrarais2004/019346
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herein fully incorporated by reference. Oher

nmol ecul ar si eves are descri'\kt)bed in R Szostak, Handbook
of WMol ecul ar Sieves, Van strand Rei nhol d, New York,
New York (1992), which is herein fully incorporated

aéi 2ei0) B SRBABL APy Fihote R oty oo EHBy
L UMORR9S AL S Yoveditd deflibedal RYSsuistakCABrdbook of

con airning no ecu?}ar sieves include al um nophos hate
( BoRQanSieves) Van NdstrambR einbiold sNew dosak uNew Sorio 6198 4), avhich is
(SAPO) no| ecul ar si ev and substituted, preferably 10
el f%%%?ﬁpﬁfaé?ﬂbwgﬁ%ﬁd SAPO nol ecul ar si eves. The
nost preferred nolecular sieves are SAPO nol ecul ar
sieves, and netal substituted SAPO nol ecul ar sieves.

| n oneTksinoes psrefmedtsﬁieommﬂwnimumamm\pbosmr@eggnfam

in rmn%hof the U.S.

| BOEBGR et HBEHEY PRaSROr B T POBTA Ly SR ST inine
bl%%ie%ulafrga}/ésl\ﬂlclﬂié’ R l‘l’?szﬂﬁ’ﬂe"(ABPU? REASRMr Sictbs Afiast

agent, rab y an org ani ¢
t anmmmﬁ@pmhate (BAPS) mmeecnlam@vemdmnbmutgd prefprably
mol e of m 20.has a vaJue fro
1mepn1 ehstitisicy A5 HOh o SAPQ oIt S8t T B P elted 1 o
f P
scfiler ev?s”aqﬁgéfp%r g by &&%ﬁ gﬂrﬂgeinétﬁlf’sg&kgﬁﬁntgt@ aszs&io
Sﬁio@&tmsﬂ‘evm one of Group A IIA IB, 1I1IB, VB, VB,

VIB, VIIB, WVIIIB and Lanthanide's of the Periodic
Tabl e of Elenents, preferably Mis selected fromone

of t he]ﬁgéﬁ) u&q}%ﬁi‘%&lﬁt fh@gncg&% 1R sicVE; as@escritRd iRan{ef thM.S.

Mh, N 7Zn a I'n an enbodinment, mis

gPeRhl mddiidnediboreLia kepresefite by dindermpirigal o a,aonean
greater than or equal to 0.01. In another enbodi nent,
mefleydgeusdragis: t han 0.1 to about 1, x is greater than O

and 2 1s in tho range SICPUERIEIOL {50 5. more

PRk Rl ¥pidsdngs ftrieRt Sheltbmplatifg Zgent)meferabiy an organic
templating agent; m is the number of moles of R per mole of (MxAlyP;)O; and m
has a value from 0 to 1, preferably O to 0.5, and rﬁost preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group IA, ITA, IB, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements, preferably M is selected
from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti,
7n and Zr. In an embodiment, m is greater than or equal to 0.2, and x, y and z are
greater than or equal to 0.01. In another embodiment, m is greater than 0.1 to
about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4 to 0.5, and z
is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to 0.7, x is from

0.01 to 0.2, y is from 0.4 to 0.5, and z is from 0.3 to 0.5.
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0.01 to 0.2, yis from0.4to 0.5 and z is fromO0.3
to 0.5. 30 WD 2005/035120 10 PCT/ US2004/ 019346
especi al |y a BAPDS2004/019346
nol ecul ar sieve, its fornulation into a SAPO
catalyst, and its use in conygrting a hydrocarbon
feedstock into olefin(s), is shown in, for exanple,
U S. Patent Nos. 4,499, 327, 4, 677 242, 4, 677 243

0 T R T R

Ndormuilation in@ zﬁSAH@caﬁl}@f aftROusAR oML IR heGHtRbon
si eves of the invention include one or a combi nati on

offeedsiagipynto oksfin(s).gs slwpmang for esnmede6.S. Bl NJs. 4,499 327

A5 Bl o LD AR 7 hesapEsdgn et of
Pathéutt ardlberefh LB a&bﬂ)orat&ﬂﬁ’ﬂe‘f&eno%“@@rﬁﬁmﬁﬁ%@aﬁples of SAPO
ALPO- ll 10 ALPO- 18, ALPO 31, ALPO 34, ALP

O mplecylapsicves of thetiayentien incAidsiong omelcembimation of

-S‘S?*P?Zeté“%%@’%ﬁf*?bié TR A O ronEH S S1 saro-
SAEG/BB0-38ABRPH3 5, SARO-36, SAPD. B d8pansh, /éké,&l@ @f‘ SAMG2,
ﬁHﬁé_}@greferably one or a conbination of SAP

S

d4 (CASPPetgat Ny @, I2ED5 L SABODE 7 nBARD- iﬁoAlUi’Oqs n@LPO 11,

bl
R A AL PO AT - e, B BOHE S e
caotainitighigoloBl1RCHvaE tHetdY.CThd ARFEREforiel n?diec%gqi‘%ﬁévg?ﬂkmde

the nol ecular sieve is an intergromh nateri
t ORP Fra W@nﬁmqfw%&,s%&@fmcsg@wﬂ SAP G4 Lfmmés

par%3 cul ar, @é&% %{eﬁ%&%\%ﬁoﬁ?ﬁﬁf Soléfalcgg’@\‘}@ﬁlo’éPESAP 0-18,

dSAPOLDEATIFD-388d W1 BO-FRtaN ARG £l
09/ 92?’%16 filed August 7, 206&H RPN

ot@,emtj@gd npbpreitenly %%ommblmmnmfmmm BGT ALPO-18, and
V\#l Lg&%lgﬂlgr%ﬁg %ﬁsfs‘-’s’%? ublﬁl shed April 16, 1998,

are orated by reference. For
exanpl e, SAPO 18, ALPO 18 and RUW 18 have an AEl 25
framewor k-type, and SAPO 34 has a CHA framewor k-type.
In anoBraremhadiselitnthamol¢dulr siehe sndntesirewth mowRHEI IBehg

A e b B S
gdoﬁﬂ:lo@ftloﬁnwmlm@fdar, SAPO intergrowth molecular sieves are described in
the U.S. Patent Application Serial No. 09/924,016 filed August 7, 2001, PCT
Publication WO 02/070407 published September 12, 2002 and PCT Publication
WO 98/15496 published April 16, 1998, which are herein fully incorporated by
reference. For example, SAPO-18, ALPO-18 and RUW-18 have an AFI
framework-type, and SAPO-34 has a CHA framework-type. In another

embodimént, the molecular sieve comprises at least one intergrown phase of AEI
and CHA framework-types, preferably the molecular sieve has a greater amount of

CHA framework-type to AEI framework-type, and more preferably the molar ratio
of CHA to AFEI is greater than 1:1.



CHA framework-type to AEl franmework-type, and nore
preferably the nolar ratio of CHA to AEl is greater

woheo3/035120 30 WO 2005/ 035120 PCT/ US2004/ 019346 PE1/US2004/019346
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MOLECULAR SI EVE SYNTHESI S General |y, nolecul ar sieves
are synthesi zed by the hydroﬁ?ernal crystallization
of one or nore of a source of "alum num a source of
phosphorous, a source of silicon, a tenplating agent,
a tal ntaini ng conpound. 5 Typically, a
c@&%ﬁk@é@é§$ﬂ§§5§3§$§;*Sof silicon, alumnumand
phos pharausily, @bkbaRadidves mets?n@leﬁz&f by Mk BydoiREAA NY
agents and/or one or nore netal contai ni hg conpounds,
afstatlzagbmotandg or mors@d hgolrps eSaumerwg siselice@f phasphbioys, a
i ned i.3.h an_inert plastic,such.as ..

oottt Sbtubr suthpindaeRhag | AL 4SntaiRing compound.

C Mypicdlly, iaZdhibMhtidh @F SotirestM dilic6ARAIAIUiandiHosbhoous,
crystalline material is formed in a 10 synthesis
moRtienadly Witheene drnmere ¢empleting agentsaod/es sné or maretmetal ar

one .or.nore flocculant(s).,is added to the synt hesi i
B UIE SrRposp IS BAS AR ot e P VerReb GpRaRaLy ined
S Qifhl @Sn¥k bidktic §uk8 o8 BSIRLANGSSBYlend) ahit ‘iiHétgd, REEL pn Of

the synthesis mxture "is renoved, decanted, or
r egystediration preasvre tnyd teMiperatwepmintil agrysiatitreasateriatiix fommed in a

contai ni ng.the_.crystalline | ecul ar sieve is then,
o BYTUBFTIR kg o FRGH ARt Brogsss da AarisHlas, oge £F BB
f Fesduldri@yischddby B &8 E@(hééﬁstrﬂix‘f‘ﬁE.eThe 5‘9@%?9‘? glgolé&e[}%{é\&e

times depending on the desired purit

s uptariabsediles withiguherepaot vessel. Afliquibpeyioh o€ fiesynthiosis tixure

bei ng remyved washi step. It is also optiopal. to
S e S ot L Il i SIS
f bagsinlmnhe EQMAUR IV @B dtE Wkn,@ﬁghﬁg@ S4fRRed Wit The
the crystallized nolecular sieve’'is recovered %y

f pdmne ot 4 dififerené fresh fiquidittymicalnelitiowated, fiten anté tognany times
Preferably, the.ml ecular sieve is filtered using a )
£ iFRegfigiplithe, deiFdastpist thesgpsimatenh dlapigkRoxtion. of {istsynthesis
Si ; i jCl : WY
R Rl VRt 1R aloRHBRM o6 SR i3 brocess
nby eddihgim sidetimat flysubins followed bpnédicongdvashingdicpenThen, the

t he | ecul ar sieves, are synthesized by formng 25 a

- SEIAigRY BlOJeRIER SV SRRy ke cotriRication weer

Sitli . ‘ ;

S o BB U BR800 iR BRPDRNRE o
nidpecdiep cenaih arystahsized gatecalat sevd mirlicles Be@hy rdhaising

rt.icul arl referred . )
pﬁquld portion tﬁatenay contain different size molecular sieve crystals.

In a preferred embodiment the molecular sieves are synthesized by forming
a reaction product or synthesis mixture of a source of silicon, a source of
aluminum, a source of phosphorous and an organic templating agent, preferably a
nitrogen containing organic templating agent. This particularly preferred
embodiment results in the synthesis of a silicoaluminophosphate crystalline
material in a synthesis mixture. One or more flocculants are added to the
synthesis mixture, and the crystallized molecular sieve is then removed or isolated

by filtration, centrifugation and/or decanting.



enbodi nent results in the synthesis of a

si |l i coal um nophosphate crystalline material in a
weynisivasize nmi xture. One or nore floccul ants arecaadsem4/019346

to the 30 synthesis mxture, and the crystallized

nol ecul ar sieve is then reaned or isolated .by

filtration, centrifugationldnd/ or decanting. WD

2005/ 035120 12 PCT/ US2004/ 019346 Non- limting exanpl es

of silicon sources include a silicates, .funed.sil. ga,

for ewanRhRingAsmaples oPSliconseuress usludesailisaifs Bt i‘

New Yor k, New York [ ik, and
foroxpmpiad é@ﬁ@f@@sa"?’e‘ﬁ%gf’%ﬁe%l F %S‘]h 087 ??:Vaf ééﬂsf NQ@ Yo
@g@'&;éﬁhM {@ oﬁﬁdsrs%h bd téﬁ’ﬁﬂkﬂTd&ﬁﬂS}nhaatds Tor

ot osr te (TEOCS), coll qi dal srlrﬁg@ 8
e@gﬁggu&t@fgﬁglgn&;tMMaMfTWS) mte@@ahr&r@%l}% (LED?

SO avai | able from E. |
mmdah@h@ﬂs or BRYeARE FEPERTS D dnosedly fOE%XmPELtr‘ﬁ"X 13,0 sol
S ol g ]95 A Vort QI RIARLIsOWilHiRERAl Delivard slhbmrarc@d
aé’&ﬁ S|I|con|s a silica sol 10NonI|mt%ﬁ
a@l%élffﬁlle% sititata) dtmymmbmaﬁmeﬁletqe& '@H@preferred source of sificon is
al um num cont ai ni ng conpositions such as al um num
asikoxsades, for exanpl e al um num i sopropoxi de,
al um num phosphat e, al um num hydroxi de, sodium
al um nat e, pseudo-boehnmite, gibbsite and_al um num

tric hN@ﬁiflﬂﬁlth éxz&ﬁples:ﬁﬁ’d])mmmum%u GeR @icé‘@fe alyinpgy cAntaigng
source or alum numrs ul ,

odraposisiang FEFnes adurmemg} g‘?suﬁqrr% 8BS aﬁ‘ﬁl%h{nq?&éﬁﬁﬁwude
SI eve “@"%ﬂ L 51 ﬁ{;ﬂ}bﬁ%e %dﬁh@&ﬂh@m@@samrmhmue

alunrnunrcontalnrng
gm&@g‘ﬁ{d%lﬁmﬁﬁffpﬁ&hldrﬁﬂsqr anm cbmhmapm@sstbpr@p A preferred

nt ai ni ng, inorganjc or Qrgan 0 uch as
sinospbbalivsine i PsedphRemis, Iﬁﬁﬁﬁ%‘ﬂﬁiﬁ ngl h&ﬁ& g
tg{h{getlh% PE‘?}S h?etrﬁole g LLystal line or anor phous

es su as ALPO4, phosphorous salts, or
conbi nations thereof. The preferred source of
phosphorous is phosphoric a

artrcu
pr odudVengliziting exemalasof ﬁb?ﬁﬁg%rﬁﬁﬁ QICCHEW %‘%ﬁpﬁ){ Se"%d“de
ent s are ener a Btrab h@kﬁ@ents
6‘? ? H%XLBPOH ogﬁgg&r%%&e{ng?ﬂ Eltpgrr?nts

%ﬁfa'nﬁﬂé Eiﬁ&%arﬁb bf eehic, hgspitions such asphesnherig agid, organic
antinony, nore preferably nitro or phospharous, and
ni®tphates such as triethyl phosphate, and ¢ stal ine or' amo

aluminophosphates such as ALPOs, phosphorous salts, or combinations thereof.
The preferred source of phosphorous is phosphoric acid, particularly when

producing a silicoaluminophosphate.

Templating agents are generally compounds that contain elements of
Group VA of the Periodic Table of Elements, particularly nitrogen, phosphorus,
arsenic and antimony, more preferably nitrogen or phosphorous, and most
prefe:ably nitrogen. Typical templating agents of Group VA of the Periodic Table
of elements also contain at least one alkyl or aryl group, preferably an alkyl or aryl

group having from 1 to 10 carbon atoms, and more preferably from 1 to 8 carbon



preferably nitrogen. Typical tenplating agents of
G oup VA of the Periodic Table of elenents also

woaonisassizat | east one al kyl or aryl group, preperaiskon4/019346
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an al kyl or aryl 30 group having from1 to 10 carbon
atons, and nore preferably from1 to 8 carbon WO
2005/ 035120 PCT/ US2004/ 0193483 13 atons. The preferred
tenpl ating agents are nitrogen-containing compounds
such as am nes and quaternary anmoni um conpounds. The
q uaamsr nﬁreypraferrsd itempletdngoagentd e1e niffogenecaniidinia wempourgsguch
esen{}1 bélthe ener al for | a RAW where each R
i ?S agte UMY p&un Tibsti t ut ed
hydrocarbyl group, preferably an al kyl group or an
aryl group having from1l to 10 carbon atons. In one
enmbodi riﬁsh@tq,uatetrmry emploaiummepompayaeds,dn one fmbediment, are

nb
Eﬁm's”a&e%y e e Qo B SRS St ST Tytodgh o g
] &\J%béﬁtmehlh@am%a&«a%s@ Qbeft@OR AtdIRG RIBYr o1 ary

| ncI ude et raal anmmoni um~ conpounds i ncl udi ng sal ts
t rpowoiavingefiorad tpeltomxtmtllayimsarhmnﬁ ambodimpoy tstemplating

e BBl R o
t eahﬁ%ﬁ& BY o BRI kA NUH bP¥-Genihd FAOH) and 15 sal ts

t hereof, particularly when producing a SAPO nol ecul ar
sieve. Flocculants Wen comercial | y synt hesi zi ng any

or e SVRRBRLE P S o B R AR PR
C rabﬁfp%hhdszlﬁ&m@mg s3ts R Lhuchas fHARRas &nﬁto%i;tﬁﬁ’ EorRhdiiids |

crystallization’is substantially, preferabl
c anghéing salGherenti Thy préferraitemplating apand orteniplate frea
synthesis mxture is transferred to ano [,V
sés‘aareglwéawsm%@mma Fohd St ie TRADED and
i o SAPOMELAREUARL 1 S
Nl;ggﬁbtad%w k&g,tw eﬁri‘ G(il:/d<=f\55,lf:,geall gf rgm (f)v\ﬁ? ch1
crystalline rml ecular sieve is ultimtely recover ed.
These chem cal 25 reagents or flocculants are used to
i ddpeRdants he recovery rate of the nol ecul ar  sieve
crystal RESLZ d
nol ec ul\gpa{s]?()erhvlgl%{:c?aggﬁgfl @ESIX‘V\% %9{1%% %li&ﬁ%g% ﬁgcusse
b cibode liypwai}y q:mardr inoowré a]nermbai@e@genﬂs laesalded ccthelcaystadlizatibn

-elnée?q%r og%lgﬁié rrgatc,%ql%gf%? (?r\y%p@ %fpéqnlg gllll;cslta%[aaltlyb,ap}refera%f“ ts

complete. Optionally, in another embodiment, the synthesis mixture is transferred

to another vessel sepa;rate 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
crystals into larger aggregates of molecular sieve crystals; or (2) surface anchors

that bridge many small crystals to form aggregates of molecular sieve crystals.



crystals into | arger aggregates of nol ecul ar sieve
crystals; or (2) surface anchors 30 that bridge many

weoenslslodgnrystal s t o form aggregat es of nol ecul aPCEiUS®4/019346
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crystals. WD 2005/035120 14 PCT/ US2004/ 019346 The
aggregates of the nol ecul ar ﬁheve crystals are then
easily recovered by well known techni ques such as
filtration or through a filter press process.

ey SRR e R B oG o o Borid s v
s ynove sichnighiesdiith @ngltaitioh BEHIG AGUE R Bl 15?038&[ scussed
a

above. I n one enbodi nent, floccul ants are ed to a
nol ecul ar sieve synthesis m xture conprising one or

W hosph . ;

Al um nie e T B S QHEE ol NG Bh vichagi ntheh gpugee o
t teenpiatingcageay used i h ' - t
preferred enb%sgi Enante s ﬁ?hﬁﬁfﬁgggﬁzgfﬁ?? dfgbugiggéegg%so
t ﬂ]écw Hoyp s Imena o dinensy flepcylentalare adided 00a hSecular sieve

; ..conbi nat i f. f
o P N B horE BB itaT saroo.abermhomus
ol ool ar Slove 1o hen. daneine AR HPh R of s motccula

mol ecul. ar sieve is then recovere
hRRsng gpthesigad.| In the mestayefetred embaddimene chtl Bdccaiagya

[ .addi.tional flocculant is used to

e A ) s W e Nopoprisaciiam the

nminehindtivn oFiody 6r fofsBfa8liddnGsi | h

synt hesi s m xt u? e. Ther elar eHhrrlgﬁ{/pé%dS S rgﬁs %qugc&?ﬂ ants
VHIGUIRLIOYES and bl aingiagenitl dhe symthésszed tholBEIA Nidve is then

. . i cal ly. al uni i Its that
SRR A0 S BT T n
Neashed and Addg REBIBERRnBHGEAS, ﬂtﬂ@fﬁé{ég@%l%& ?egga{{‘mﬁg m

chl ori.de), sodium alum nate, iron

Syrinpgecd malgculansi¢vetfeone Hediquitbportibn of (Helsynthisdi§ AbGureand
sodiumsilicate (activated silica). The major cl asses
of flocculants used in industry are: (1) nonionic

f | occutherd are bl I . oxi.de, .
ol yacryl am de %ﬁgf g%crc%l %g*s?@hﬂ%g ? i40g organic flocculants.
E‘éﬂf%m pegvilans ar¢ ALy ahmainclercr ﬁmﬁ;sal&iﬁla@ﬁhhgﬁﬁo%ble

AP e 5 B Pl e mpas oy
T L R e e
gﬁfqg%p]@lofiﬂ@dml (@ sylfdigand eodinmlsilicatbeétivafedsitidagit e ajor
@lla% gfa hgcggu?alljlgcrs] &s%ll Enallnﬁl)létryaarllg/(cl))r nohnljc?nr}c rtrlglcc?u(lz:llt afgr gfalrr? ]ﬁllt

> ple,
polyethylene oxide, polyacrylamide (PAM), partially hydrolyzed polyacrylamide
(HPAM), and dextran; (2) cationic flocculant, for example, polyethyleneimine,
polyacrylamide-co-trimethylammonium, ethyl methyl acrylate chloride (PTAMC),
and poly(N-methyl-4-vinylpyridinium iodide); and (3) anionic flocculant, for
example, 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.
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EQlth QY SmiAre AR, of a nol ecul ar sieve material, the
sanple, is |loaded into a sanple pan of a Cahn TG 121

M cr obal ance, available from Cahn I nstrument, 25 I|Inc.
he TGA technjque, .a fl ow

AN T AL TR S iy S W AT
SR SO B9 e DS el O
end gentled dihiens uses a Thermal Gravimetric Analysis (TGA) technique as
follows: An amount of a molecular sieve material, the sample, is loaded into a
sample pan of a Cahn TG-121 Microbalance, available from Cahn Instrument,
Inc., Cerritos, California. During the TGA technique, a flow of 114 cc/min (STP)
air was used. The sample is then heated from 25°C to 180°C at 30 °C/min, held at
180°C for 3 hours or until the weight of this sample becomes constant. The
weight loss the percentage to the starting molecular sieve material is then treated
as the percentage of the liquid or liquid medium. Subsequently, the sample is
heated at 30°C/min from 180°C to 650°C and held at 650°C for 2 hours. This

weight loss as a percentage of the original sample weight during this treatment is
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HeEPBERLBY R, Bf oneflchdatmiattthd bsialine br@luet, synthesized

molecular sieve, or wet filtercake comprising a flocculant is thermally treated or

h—

heat treated to remove a portion or all of the flocculant. In a preferred
embodiment, a synthesized molecular sieve comprising a flocculant is heated to a
temperature in the range of from 25°C to less than a calcination temperature of

from about 450°C or higher.

In one embodiment, the heat treated or thermally treated synthesized
molecular sieve comprising a flocculant and optionally a templating agent, or wet
filter cake comprising a flocculant and a templating agent, is heated to a

temperature in the range of from about 50°C to about 250°C, more preferably in



In one enbodi ment, the heat treated or thermally
treated synthesized nolecular sieve conprising a

wohospasiant and optionally a tenplating agent, POT/USRI04/019346

10

15

20

25

30

30 filter cake conprising a flocculant and a
tenplating agent, is heated o a tenperature in the
range of from about 50C to about 250C, nore preferably
in WO 2005/ 035120 17 PCT/ US2004/ 019346 the range of
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ab§¥tto aBe1RG0%agna thost prgfeel e frommbetiel Bb kg akayt 2% r ange
of from 250 Kg to about 20,000 Kg, nore preferably
from about 500 Kg to about 20,000 Kg, and nost
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preferably from about 500 Kg to about 20,000 Kg, and most preferably from about
1000 Kg to about 20,000 Kg. In another embodiment, the reactor vessel is capable
of synthesizing an amount of molecular sieve in one batch or at one time in the
range from about 100 Kg to about 20,000 Kg or greater, preferably greater than
about 250 Kg to about 20,000 Kg, more preferably from about 500 Kg to about

20,000 Kg, and most preferably from about 1000 Kg to about 20,000 Kg.

METHOD FOR MAKING MOLECULAR SIEVE CATALYST COMPOSITIONS

Once the molecular sieve is synthesized and heat treated as described
above, depending on the requirements of the particular conversion process, the

molecular sieve is then formulated into a molecular sieve catalyst composition,
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combi nation include various types of hydrated al um na,

~silicas, and/or other inorganic oxide sol. One
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sol cont ai ni ngg chI oride. counter .ion, 8?5 th; .
desrmal frepigienty| Hpen hogtingy fheinorganinquissoliieicebly haying, low
[ | 2
lepbete € Qo inty hidbrealic Sde ik bopfhohnt? FbPedinple,
A3 OA{RHp P T donb2(t 2 ) alaminen deisle mdhdxl followdnd/heat treatment.
VWl terman, et al., Stud. Surf. Sci. and Catal., 76,
pages 105-144 (1993), which is

Aluminum chlorhydrate, a hydroxylated aluminum based sol containing a
chloride counter ion, has the general formula of Al,O,(OH),Clyex(H,0) wherein
mis1to20,nis 1to 8, 0is5to40,pis2to 15, and x is 0 to 30. In one
embodiment, the binder is Al;304(0OH),4Cl7212(H;0) as is described in G.M.
Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-144 (1993), which is
herein incorporated by reference. In another embodiment, the binders are alumina
sols, predominantly comprising aluminum oxide, optionally including some
silicon. In yet another embodiment, the binders are peptized alumina made by

treating alumina hydrates such as pseudobohemite, with an acid, preferably an acid
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i ncluding some 30 silicon. In yet another enbodi nment,
the binders are peptized al ugyna made by treating

al um na hydrates such as pseudobohemte, with an acid,
preferably an acid WO 2005/ 035120 PCT/ US2004/ 019346 19
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p.mwith,a d article si.ze distributjon of |ess. tha
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ReBAoFh R BHEatRNDrEd8ses such as calcination and/or acid treatment
and/or chemical treatment. In one preferred embodiment, the matrix material is
kaolin, particularly kaolin having an average particle size from about 0.1 ym to

about 0.6 um with a dgg particle size distribution of less than about 1 pm.

Upon combining the heat treated synthesized molecular sieve and the
matrix material, optionally with a binder, in a liquid to form a slurry, mixing,
preferably rigorous mixing, is needed to produce a substantially homogeneous

mixture containing the heat treated synthesized molecular sieve. Non-limiting
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filed Jnpge dfbodd@Ot, theWtigh ritfo ahe&bMdEidbltie molecular sieve is
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80f therapmmnt diywater, templating agent and/or other liquid contained within the
particle. The most preferred condition for measuring solids content is on a
calcined basis as, for example, as measured by the LOI procedure discussed above.
On a calcined basis, ’éhe solid content in the slurry, more specifically, the
molecular sieve catalyst composition particles in the slurry, are from about 20
percent by weight to 45 percent by weight molecular sieve, 5 percent by weight to
20 percent by weight binder, and from about 30 percent by weight to 80 percent by
weight matrix material. See for example U.S. Patent Application Publication No.
US 2003/0018228 published January 23, 2003, which is herein fully incorporated

by reference.
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wei ght matrix material. See for exanple U S. Patent
Application Publication No. 30 US 2003/0018228
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i ncorporated by reference. WO 2005/ 035120
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In one embodiment, the slurry of the synthesized molecular sieve, binder
and matrix material is mixed or milled to achieve a sufficiently uniform shurry of
sub-particles of the molecular sieve catalyst composition to form a formulation
composition that is then fed to a forming unit that produces the molecular sieve
catalyst composition or formulated molecular siéve catalyst composition. In a
preferred embodiment, the forming unit is a spray dryer. Typically, the forming

unit is maintained at a temperature sufficient to remove most of the liquid from
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formng wunit is naintained at a tenperature
sufficient to renove nost of,,the liquid fromW)
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the resulting nol ecul ar si eve catal yst conposi ti on
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abeyspheres.e particularly a slurry of the synthesized
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psia to 1 psia (690 kPaa to 6895 kPaa). In another

epdaﬁniabmﬁpmabwtéﬁ umrty apeutd9-pred t hrough a single
nozzle 20 or nultiple nozzles along with an
atom zation quid such as air, steam flue gas, or
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mcrospheres |s co roI some extent by the
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any other suitable gas. Generally, the size of the microspheres is controlled to
some extent by the solids content of the sturry. 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.

Other methods for forming a molecular sieve catalyst composition is
described in U.S. Patent No. 6,509,290 (spray drying using a recycled molecular

sieve catalyst composition), which is herein incorporated by reference.

In a preferred embodiment, once the molecular sieve catalyst composition

is formed, to further harden and/or activate the formed catalyst composition, the
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sieve catal yst conposition), which is herein
i ncorporated by reference. 30 In a preferred

wenhsdsment , once the nol ecul ar si eve cat al yst PCT/US2004/019346
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thithbie |aﬁ3 ®hdoved HBf the (8% AU Blbie 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 amount of
catalyst in grams charged to the attrition cup expressed on per hour basis is the
AR, in weight percent per hour (wt. %/hr). ARI is represented by the formula:
ARI = C/(B+C)/D multiplied by 100%, wherein B is weight of catalyst

composition left in the cup after the attrition test, C is the weight of collected fine
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the ARI, in weight percent per hour (wt. %hr). AR
IS represented by the fornmula: 30 ARl = ¢ (B+Q)/D

mul tiplied by 100% wherein B4i s wei ght of catal yst
conposition left in the cup after the attrition test,
Cis the weight of collected fine WO 2005/035120 _
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processes including: naphtha to highly (
transalkylation, of for example a combination of aromatic and polyalkylaromatic
hydrocarbons; dealkylation; hydrodecylization; disproportionation, of for example
toluene to make benzene and paraxylene; oligqmen'zation, of for example straight

and branched chain olefin(s); and dehydrocyclization.

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

alcohols, acids and esters. The most preferred process of the invention is a
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unsat urated 30 hydrocarbons (ethyl ene and/ or

acetyl ene) to al dehydes for ?gnversion into alcohols,
acids and esters. The nost preferred process of the
invention is a MD 2005/035120 25 PCT/ US2004/ 019346
process dl{ to t he c ersion of a . feedstock
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a&gg@%hgs) has from1l to 20 carbon atons, preferably
from1l to 10 carbon atons,

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.
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al i phatic 30 al cohols and their unsaturated
counterparts. WD 2005/ 035120_PCT/ US2004/ 019346 26
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are many processes used to convert feedstock into

ol efin SL i ncl udi ng
e 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.

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
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30 various cracking processes such as steam cracking,
thermal regenerative cracking, fluidized bed

wonemskissigy) fluid catal ytic cracking, deep cataPgrius2004/019346

cracki ng, and WD 2005/ 035120 27 PCT/ US2004/ 019346
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The process for converting a feedstoc especl a
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process, a fluidiz process (includes a
teeingpastiedarly prefaretler abl y a conti nuous fl ui di zed bed
process, and nost preferably a continuous high
velocity fluidized bed process. The reaction processes

can t akg | | ' tor ueh
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The reaction processes can take place in a variety of catalytic 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
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2005/ 035120 PCT/US2004/ 019346 28 described in R ser
Reactor, Fluidization and Fl gd Particle Systens,
pages 48 to 59, F.A Zenz a D.F. Ohner, Reinhold
Publ i shi ng Corporation, New York, 1960, and U.S.
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coked version thereof is introduced.
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combination thereof, prior to being introduced to the riser reactor(s), preferably

the liquid is water or methanol, and the gas is an inert gas such as nitrogen.

The feedstock entering the reactor system is preferably converted, partially
or fully, in the first reactor zone into a gaseous effluent that enters the disengaging
vessel along with a coked or further coked molecular sieve catalyst 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. Cyclones are

preferred, however, gravity effects within the disengaging vessel will also separate



30 containing one or nore olefin(s) within the
di sengagi ng zone. Cyclones are preferred, however,
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al so separate WD 2005/ 035120 PCT/ US2004/ 019346 29 the
catal yst conpositions fromthg gaseous effluent. O her
nmet hods for separating the catalyst conpositions from

t he gaseous effluent include the use of plates, caps,
el:ho - [ .
Ry BmpOfions Fom e e GRS oBIIRAE TR ot seppraing
ditlseedagagit 0gmpesiGeis, frdn thec@kdons afflueneinclde theoute f plakes, caps,
di sengagi ng vessel is a stripping zone. In the

stehiopisi ¢yl e lket he coked nol ecul ar si eve catal yst
conposition is contacted with a gas, preferably one or

a conbi nation of steam nethane, carbon dioxide,

car bon Ien®ahbedimeyids e diserpagiap svdi@n} thg dehghgihtstét
argon, preferably steam to recover adsorbed i
hyistesdes atsisencasingyessel, Bpically 2 lasres partion ofiths disengeging yessel
c . [ .

¢ S ERTphinRRah S b s BpRe 2R L SOEBRbR siovs gatatys
Slcbmppsitien EWdAtacediwitita BRPReRighly 6656 a Edrahihitim of steam,

di sengagi ng vessel. 15 The conversion tenperature

emrteApedoarben dexiderraehasi repnosidse Bydogens pean ek gas such as

e . ;
e U e o L L S
t enclbulidr sBYE CatalyBf @oniyoRftRhalMt Ys the® Mtudldacdd tozwféé&m:ration
about 750 C, yet nore preferably from about 300C to

alspiiem e o@othaembedaneniphestppping zoms ip in psepasde yessgi5pan the
t g ut 6 nost preferably from 20 about 350C to
a@g%?£ﬁ%ﬁ%%%$%e conversion pressure enployed in the
conversion process, specifically wthin the reactor
system_ varies over a w de range including autogenous

pr essurléie conyassien trpepesitire epipdeysd ie thegopuersion prodcke

partial .pressure aof .the feedstqgck exclusive, 2 o
P S RETE R Sbgries Eih AEntaces i B BT peC W abon
eMpbeE Prdfbrab&rdih GBRE 2504 t0 dboti B0 eNBRrdprefoi sty BBRAUHbout
0.1 kPaa to about 5 MPaa, preferably from about

)
ka8’ to abiopti750°Gpgbmoraeie y pemfabpuatidl 00°€ to abaut 669°C, yet

20 kPaa to about .500. kPaa. .30 .Th jght hourly.space
VSRR elety Epm el Drryo e offfstiost ingferabiy BER
CAR¥MAMBONO tadRedsdeck contai ning one or nore
oxygenates in the presence of a

The conversion pressure employed in the conversion process, specifically
within the reactor system, varies over a wide range including autogenous pressure.
The conversion pressure is based on the partial pressure of the feedstock exclusive
of any diluent therein. Typically the conversion pressure employed in the process
is in the range of from about 0.1 kPaa to about 5 MPaa, preferably from about 5
kPaa to about 1 MPaa , and most preferably from about 20 kPaa to about 500
kPaa.

The weight hourly space velocity (WHSV), particularly in a process for

converting a feedstock containing one or more oxygenates in the presence of a
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WD 2005/ 035120 30 PCT/ US2004/ 019346 nol ecul ar si eve
catal yst conposition within a reaction zone, is

excluding any diluents to the reaction zone per hour

per weight of nolecular sigye in the nolecul ar sieve
catal yst conposition in the  "reaction zone. The WHSV
is maintained at a |level sufficient to keep the

C a aI S tsie‘%,gﬁqug? %é}rllpgﬁgo‘\‘/\)@@{ aarﬁzacuo% %%%E g . e,(tdni'f rElﬁe‘?'to‘cal |
W%lgtlﬁoﬂlﬁe 'féedg’tg%) eiUludulg ay @hRhBRb Ynd re@iNonoHE pek Hdkr fer

to about 3000 hfl, nore preferably from about 5 hr-1
tveighbofmoltsa@iar twvelm thevaholeosler giees eataliit gompestieomidhe 10

FHEESDe, o e dab or miaingt St ISP EREP TR B Gl

E&gp AV "nSd BNaPREd Safetmelih askackR. Tpically) tRIWEES2ungbs

ether is in the range of from about 2
ot dbout hbndtto 3ot HHAQ hiTherefarsbhf frem abolg‘-a?shrv o emwOOO

f the feed Kk
b SRR Brefpe R e LA ofO St LG P B Rabh "
%H AL EDS b btoféthijO@@ HrhemlonePréeabd éi'hb§dhﬁiéﬁt e WIEBSSY is

conposition wthin a reaction zone in the reactor. The
Sddtelr thant® i pmefcsablp’ehetWHSNaﬂOt gomwetsipmof shigedséeskt or
syst em m) i.cul n_the ser -1
S Byt g afite B dhes W bthe rapF o LB B ot s o
Rh&i80aRLY greater than 0.5 nmisec, nore preferably
greater than 1 m sec, even nore preferably greater
than 2 m sec, yet even nore preferably greater than 3

m sec,_ and t th . ,
o6 200, ThSL 20 St RS, BCRRLEE . e o
0408 Fo%ﬁctg ‘\xt)ﬁﬁjn m\fgd'@&rsyﬁemg@ﬁ%fermy Qﬁfﬁbﬁnhﬁrfﬁhéﬁze the
|ncorp rated reference. her processes f
amlseldrisieye amtab/xygmmmoncmdmeﬁ wa@:@;vn 201 id étm:ueacﬁeld Then
U S. . Patent No. t | t 20.h
SR inbe Rrasee. penRBLY SATIRAFICTE 3 e e particttatty” "

B G ot

p@dnpe tiain 0. & no'ect more pmfaamlﬂy 3:&@@ ﬁmnﬂﬁﬂ@q, emrdmmlprv@rably
01/ 23500 i shed April Zagg é& reduc
Aoy t H@*@%ﬁéﬁt avvsmow&@f e mfpeCatnd g

I W RCPLBA A t*?d’n Serial

brctbraplGaioRhan 3 serl 58 %é’ﬁ%lﬂgzoom 01934%lglﬁ HER Sera
No. 09/708,753 filed November 8, 2000, which is herein incorporated by
reference. Other processes for converting an oxygenate to olefin(s) are described
in U.S. Patent No. 5,952,538 (WHSYV of at least 20 hr™' and a Temperature
Corrected Normalized Methane Selectivity (TCNMS) of less than 0.016), EP-0
642 485 B1 (WHSV is from 0.01 hr™! to about 100 hr”', at a temperature of from
about 350°C to 550°C), and PCT WO 01/23500 published April 5, 2001 (propane
reduction at an average catalyst feedstock exposure of at least 1.0), which are all

herein fully incorporated by reference.

wei ght of the feedst ockPCT/US2004/019346
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wonesossiror e cycl ones(s), and introduced to theCcT/US2004/019346
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regeneration system 5 Regeneration System The
regeneration system conpriseg;a regenerator where the
coked catal yst conposition i's contacted with a
regeneration nmedium preferably a gas containing
f’é%%i?gpg Egl?ed Fﬁglngul?r si rveeg:e& ’ gtoﬁosﬁf) 15 % 'swit%ﬁisa\xg{ from the
NaRvehgagirel Vegsed bRt B 8y B o nide eybmds(shimdBtkdtifced to the
i ncl u%arégi oglne or)i?o rm?}:e@%f oxygeneﬁﬂ %%8 N20, NO
NGezenguR@m system. air diluted with nltrogen or carbon
di oxi de, oxygen and water (U.S. Patent No. 6,245, 703),
carbon nonoxi de and/or hydrogen. The regeneration
thdration 8v§teitn0se capabl e of burning coke fromthe
coked catalyst conposition, preferably to a |level |ess
t han 0Tbe megcmtlom gystann corhprésesl a svgenerator sithgre th.e pglmd cefalyst

ked | 15
L AouprTicy REongHsf il PR EiLPaifell SRRRI A bl ipnginine

SioRygnCadd@k ¥leral GOERCHtibH OFhdMi $RGT WM dr4t8F8, hRSsure and

regenerator forns a regenerated nol ecul ar sieve
c atsidepee timonPlosilithising eRymplenof bk régegeratien medwromcmﬁe one or

UL LG AT i G SFLPLAE Rl

C QEMOR dldxRiE, okyseMahl Y ak® 981%e PalchONo S9/34 £703 Coat it monoxide
react or system the optinum | evel of coke on 20 the

meh&eouhydrogsine Videgagenksation c@nﬁmsmmthoma@abln @f bhming coke

coiet B ephel T eBRParIS RERRR 45 B el o B Py
C%B%%@ﬁt' IJab Qo8 G5t PR ghibihE ARl rﬂo@é&ear kR esth BNt al

Techni ques, G rcul ati ng Fl ui di zed Beds, G ace, "Avi dan
andmpesiidt enterimgithe ;re@lnatakorewsmgg 7Tl(e8®8e® mﬂeculandslew catslyst

P SR o b RS ERS Fos 2 haererSas B l? Biove

i‘ggtgigst corfifétion! @‘yed'oﬁgbﬂmg "tﬁénf'l(ﬁp BFthe :f*%gefa%darﬁ&%u?lasros&eve

nore preferably from about to about
anata}ysEQonmoeftmnath lcyolfd ependratad nok@Glar sieV6 OgalystTdomposition

rati on pressure |§]8|nthe rangﬁ of .fro g%i ?t 15
FHRRPZUPD FH108H (18 feacton sYhen ?Sﬂt%“ﬁ’gﬁ coke on
P pd?écl’ﬁf)l%&hl){r ﬁé\%’ga@ﬁﬁ’ﬁ EorPodtidiPerftehi tﬁg Addtol & ARAHined? Tere
psia (1724 kPaa), more preferablyfromabout 25 psia
( b2k Rgatechnqueds dott controlling the flow of a molecular sieve catalyst
composition described in Michael Louge, Experimental Techniques, Circulating
Fluidized Beds, Grace, Avidan and Knowlton, eds., Blackie, 1997 (336-337),

which is herein incorporated by reference.

The regeneration temperature is in the range of from about 200°C to about
1500°C, preferably from about 300°C to about 1000°C, more preferably from
about 450°C to about 750°C, and most preferably from about 550°C to 700°C.
The regeneration pressure is in the range of from about 15 psia (103 kPaa) to
about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to about
250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to about
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kPaa), and nost preferably from about 30 psia (207

- WeRamjossiaoabout 60 psia (414 kPaa). The pref ePCBAIS2004/019346
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residence tinme of the nolecul ar sieve catal yst
conposition in the regeneraggr is in the range of from
about one mnute to several ““hours, nost preferably
about one mnute to 100 m nutes, and the preferred

volunme 5 of oxygen in th S.S in f I.a fro
456 e 03 19w Spa masbreqestitn g dpout A p S (90 il K
t v 4] he MOURURF sikvOhtalyst
gre)c})cs{ehg(éys)kg%ag' Jhl BRefitto 08 afRE rinfd aTfe fiOHR! 6, 023, 005
(coaip@sition @i te@epehegames attberangt af frem)abodt, @wINALE to several

oo B s e ASES ot B B35 B4 e otume
Aég%l brgegxtlh% &Nk f the Nroe 8P F8Bi/2b6660.01 btk gérbnt fo atOS
( 08 regenera eg cagblyst returned to

riagRperahiased bh the thal esitméppthecas.i on Serial No.
09/ 785, 122 filed February 16, 2001 (regenerated
catal yst contacted with al cohol), and PCT WO 00/ 49106

publ i S({jglgr @ggﬁ&%&%ﬁ%ﬁ A& QLGOI BRI P AR Nk, 003,605

cont ac ucts), which are all herein
f @bk 1616 0n pedeatrattdieytalyaf)e6,24% 803 (fresh gudevlss sisie pddedito

L)’;gwmmgnr) I%@VE é]f?-r9 g,g}l t@ que pét,od | ﬁlengggtglléqqge) %%}R’E%ﬁl 3 91')113‘39’;51?% ﬁ?rial
;I' 8;@/%8?;’2662@155 TR 4, 26060 WPLGQQQQ’G%E%‘[&Y%%&?}F&F Eetumed to

sequénces at are useftu

sﬁ@@ﬁe@étbﬂg? ;SI Phiei( Aﬁ&plamdom Setidl N §96BEA 27 (ided Fabouwary _!h@
aseous effluent. Recovery. syste i se
a0 reaeoreiedCaalyELTAS Wk HeospD. g2 Ponav oL adBd, o
¢ e i rrett . )
DG GPaBDA At o

eprbfe) aans ealhaetnfully (ddofordted Bytefédence. 5, 476, 978)
and ot her derivative processes such as al dehydes,
ketones and ester nmanufacture (U S. Patent No.

cxanpi A0 peBiEerhafl SRRGAA R BRURIERIYS Sitem and i

exanpl s con S, anger s,

r ghdsb@RraighMyesy@esmtent. chill trains, conpressors,
khock-out druns or pots, punps, and the liKke.

Non-limting 30 exanples of these towers, colums,

sg}itter; or, trains used alone or in conbination

[ nore of a denethani zer, preferably a

hi gh t gRERIA Hiaky 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 combination of a
various separation, fractionation and/or distillation towers, columns, splitters, or
trains, reaction systems such as ethylbenzene manufacture (U.S. Patent No.
5,476,978) and other derivative processes such as aldehydes, ketones and ester
manufacture (U.S. Patent No. 5,675,041), and other associated equipment for
example various condensers, heat exchangers, refrigeration systems or chill trains,
compressors, knock-out drums or pots, pumps, and the like. Non-limiting
examples of these towers, columns, splitters or trains used alone or in combination

include one or more of a demethanizer, preferably a high temperature
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wdeprsgpsind zer, a wash tower often referred toPas/uUa2004/019346
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caustic wash tower and/or quench tower, absorbers,
adsor bers, nenbranes, ethylegs (C2) splitter,

propyl ene (C3) splitter, butére (C4) splitter, and
the like. 5 Various recovery systens useful for

R G o o
byl e fidh ?efeﬁigtﬁfbr alskéecquétﬂ: Whsh- tmﬁ?r[ a%?fog'alﬁe R tgwer %sgrbers

(secondary ri et hyl ene strea
5 adsbehets) nendhrdtc, SBflenn(CS Sﬁ%r@bpﬁlﬁiﬁm%@ﬁltter butene (C4)
ﬂ%@%ﬁ@ni% U S. 10 Patent 5,672,197 (pressure
é@ lilbents), U S. Patent No. 6,069,288
(hydrogen renoval ), U.S. Patent No. 5,904, 880

(recovered nethanol to hydrogen and carbon dioxide in
one st é’p)lpu&te&ve?ﬁs}emsl\neﬁﬂi fR2dcVeidng preaomefelly olefin(s),

t r plant and U. S. Pat ent
NBIe Aty piids o gt Setn 3} withdt cleReNFoPy SRt butens i

3 h
C R P DA ol ety M PRione sresgm, iy
( Batestsmwse 500D /193 245D, $ﬁll ad)5, omsqr(n@hﬂ)raid sePRaGR), U.S.
cor porated by reference. articular wth a
cgi%ér 8‘%&’1 9[7p (Bressge érpe@sé?@@ﬁmrb@ts)nwp Srtent Nps9,069,288
I I t
LR oD o FRlenf NG RGP SRlor ERTPREp L Edfogen

na}dmar‘ttqn dbxide hydmmepanrd/sOPaueﬁmcy | 55997, @3 r &t o8 tnethanol to
.of four éarbon and hi her car bon number

p%aé ine poryer glantly ansl U S Baiget No. 6121, 304i (diectipaednct quench),

e _and/
o0, SN2 S B oS RS AL Bl an
i s iﬂaﬁenhNat6 203, 908(pesedt eWirlghiBorpti SO WRELhREE all B¥ein fully
preferably grégter t han 100, 000 kg per day, nore

pREPRPLRdbYgREEEeE- t han 500, 000 25 kg per day, even
nore preferably greater than 1,000,000 kg per day, yet
even nore preferably greater than 1,500,000 kg per

day, Shiplattioalee withd @nResioRmaEdeys @r@@g@;ratestlﬁt%rbleﬁn(s)
00, OOOE per, day, and nost preferably greater 't han
gu

2u BHigrono lﬁ’é?leYFa‘SPtaII% aempesitjorsibe sesplting affjuand gas typlcally
R R b BN S B ana AP E ey OF
aradfonrand 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
preferably greater than 1,500,000 kg per day, still even more preferably greater
than 2,000,000 kg per day, and most preferably greater than 2,500,000 kg per day.

Generally accompanying most recovery systems is the production,
generation or accumulation of additional products, by-products and/or

contaminants along with the preferred prime products. The preferred prime
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The preferred prinme WO 2005/ 035120 34
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et hyl ene and propyl ene, are typically purified for
use in derivative manufacturi,ng processes such as
pol yneri zati on processes. Tﬁgrefore, in the nost
preferred enbodi nent of the recovery system the

r Vita 32 | so.includes a_ purification_ system

t ?ﬁ%ﬁ%ﬁe@%ﬁ{ @g’g AR ﬁ‘h{-‘/?er?ﬁ agd Ewﬁlﬂﬂé’sar%fyplca ly purified
c bntisarimdetivatiad chaBifapiee ' pol ar
c%ggq% nds sulch as mtergﬁﬁﬁ%gégﬁi%dgg%ggr of@%%ltgoné)g?%&es.
et

re,dp thegnoshoreferred embastiinantanfdhe wooety Bystdnd B recovery
C QyEROY : orides, hydrogen and hydrocarbons such
as’  ac g (?/ fmec‘rffgd,es %@Fatﬁ%‘egﬁ' ??@ﬁg repYGpdcEneon-buiting ene
aexhnipley/dfconi@hithiieind BEMHYEENs ﬁ%égfd? grﬁnér?l%}; epélgrcéolﬁgp%unds

purification systens, for exanp
pethyas Fater opicelfols carboryli)acidss ethetesmrbdnaskide’, ammonia and

' - | i, Chem | Technol , 4th
R T S IR
28ty2ctk, AiathyBALHAGD, pMhdibnd, Buldfiechl Bnd gﬁ&or ated by

reference. Purification systens are also described in
for exanple, U S. Patent No. 6,271,428 (purification

15 of Lolefin hyd b t , U S. Patent No.
6. 263, S0 ReBle) st GRl 0B E TR in givbirem dyr exarmals for
UhSpuftfiéfidh ofRRIfingH! 40 Geéélﬁbecpﬁ{/ SROer Erlfcgfqlgg%}zg er

20, 2000 (2’;,”‘ ge stream usi ng rating ca
viRhespicelsTenlradogy, 4imidtiponatlede ByJahaf Wiley&eSord01996, pages

TR0 D40, MRR I herpRarrayaien oy phlonstes cPuriiation
Csysiemis AROLIN ddabAbddR 16 Jyéaﬂ@[%tﬁ@ﬁ)a‘%n‘i R 5}3’2 &féﬁgggutg‘}ﬁaﬁon

reactor or converting thos roducts pro

ref@ulielefin hydrecarbomsteram) sy st PatentKio.| 6,2983099%eégaedting el |
gﬂg o ction syst eﬁaﬁaﬁ part of the recovery system
rrnar f@or{lgﬁogapém@} - GateRt dprlicagor Neh0%(689,he3 fied
rodse 20 bR, - - 2 and convert
themto hi gh&%?ﬁ%?@ﬂ%%@?&ﬁﬁ@ﬁ?sﬁﬂqﬂ@lé gt es
ancorpadraied by yefesned. reaction systens include U. S.

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

G Fhagtdithe B GAPOR A ARGy Bl Rt g
gomeryngihe producs.coraired twitkdrs the 4 fRGAL S5SvARtHawn B A48
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 include 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
(dimerization of n-butylene), U.S. Patent Nos. 4,287,369 and 5,763,678
(carbonylation or hydroformulation of higher olefins with carbon dioxide and

hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252 (multistage
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30 (carbonyl ation or hydroformnul ati on of higher
ol efins with carbon di oxi de and hydrogen maki ng

woansmayi2o conpounds), U. S. Patent No. 4,542, 25BCT/US2004/019346

(mul ti stage WO 2005/ 035120 35 PCT/ US2004/ 019346

adi abatic process), U S. Pat gﬂt No. 5,634, 354

(ol efi n-hydrogen recovery), d Cosyns, J. et al.,
Process for Upgradi ng C3, ¢ and C5 AQefinic Streans,

P d
og(lha%a(grrig | Zl n%? %ﬂoﬁ’ﬂ%&h@" 50?&‘&4%1 ) i ;1'3(2’%91)?’5 and
wEbsns K. et al, [Pr b&&efd’} Uﬂéb’ Jldfﬂé &% & PHL lﬁ{b ic’ %cezirngnf’et &

5 O her conversion processes, in par

cGH‘%}e}/gl & Iﬂpo‘b(el§§5b(fdmammmg(gagﬂrgalhentz?lgqm@pﬂgnenpﬁ@lene and
f r
O%&fzf\)?l )Whlg}rlrptagesaflﬁegﬁg ?@E}' o‘é‘?rgf’lirra&d\%%’gﬁéﬁm?ée\r/rgl ecul ar

sieve is synthesized froma silicon-, phosphorous-,
and al um na- source, include those described in for

exanpl @thercanvensiprRaroeassesNm. padticlibt, HEhversiorkprogesPbast i C
| efin rod a paraffin to olefin

m’&gﬁ‘?a r%to;%o ﬂr ye Pf?ﬁﬁ(sg ‘il?a %Eﬂself% of ageyleculprsieveantahyst

I\ckZDmpf»sﬁlSﬁ SB&iallelvB&GE Elfé"fﬁ@l@&flhr‘:% i‘g%ﬂﬁe%urfg %r%tirbg %hcon—

H%@te ., PCT WD 99/ 18055 pub
rcmsdra@d@}mnm sourskf inclade tlg)as dés@ﬁbé&mafﬂpéﬁ%’g)le U.S.

TG el ST Caphind ol R anioinngrods hovinga pasdin o
fld s
oldferchwdightrafl8 le 3%9 oe_ewa o2 gg)s 98 g)Pat U §’°F5’3$Z>§%§ 2

Appl ication Seri al
¢ e@rqrgwg@@ emeégsd@tromuon systeh), OT, WngoA8E 5 Rdbliskis éﬁprﬂ

?8 119 r|a 9/ 785, 409 fil ed Februar

0 9? ace °8a‘fb88)‘n eifiyprirgas frddo anpthn@reeanr)fﬂmr WO

0DGOT POp 1R ted P I

o oo e AERE o noT and s Tl ArbligiiiBSEaaNe

BP/éaa’éM' gilad ‘@‘I}Mf 28,3060 (}ﬂgl‘ﬁﬂ’fgﬁm)] E S"Y’dfeﬁ@?l Pl‘?d':h{uon Eenal No.
era rocar bon gas feedstoc

9%@ g%? gh edg%‘i ?‘Jﬁ%ﬁ?go %@9@6 feqsdstogk emecrm) fand §1.S Ravant

Applidigion fSéﬁ@ﬁNo | G/ PSMIoled f‘ﬁmeﬁ*@mg?%’(ﬁ) ﬁ?%@%ﬂo&?@% which

preferably in conbination w

gl dsreis fihodompomtedbyrefetencqr oduce a synthesis gas
(syngas) stream Syngas production is well known, and
typi cal syngas tenperatures are in the range of from

BltesitatetDPfoceds@s about 1200C and syngas pressures are in
the range 0 romabout 2 MPa to

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, to a syngas
production zone to produce a synthesis gas (syngas) stream. Syngas production is
well known, and typical syngas temperatures 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 materials such as coal, recycled plastic, ‘municipal waste
or any other organic material, preferably synthesis gas stream is produced via

steam reforming of natural gas. Generally, a heterogeneous catalyst, typically a
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about 100 MPa. Synthesis gas streans are produced from
natural gas, petroleum I|iquids, and carbonaceous

worb@srissize such as coal, recycl ed plastic, muni eCpais2004/019346

waste 30 or any other organic material, preferably
synthesis gas streamis prodgged via steamrefornmng
of natural gas. Generally, a heterogeneous catalyst,
typically a WO 2005/ 035120 36 PCT/ US2004/ 019346 copper

basipd [ .d with a synthesis gas '
stre armsﬁ%egiy%%tl’ %/sscg g@%g%%i % %Slgﬁagﬁtﬁaﬁb WH%‘%‘HM)@F‘@@H
adigxidp and gahon manoride asd Ayiregeab Produls §h ﬁfc@?&l}/ referably
rret%gﬂ(ﬂle, often in conbination with water. Tn B5e _

e ?]fi.re’n WI’?@WIH% giith wader. Isne embadineens yint dy@teSis gas
t @reasr ' f from.about 150C t o about
il ﬁ%{%@ﬁ’t{%g ?%%Sﬁ%f%mfir%a%cw@ POikgle agput 450°C
fandimt abputteds pleautinatiothed O 4618 dbsut PRI bl Qo s

carbgﬂ oxi gde ;@Pversion zone to produce an oxygen
dtites; tiongh a cpdaroxidkicensesige rertego pottuab ai pgygehateam
anﬁﬁﬁggs 1anol, typically contains 10 the al coho
product " and vari ous ot her components such as ethers,
particul arly dinmethyl ether, ketones, al dehydes,

di ssol.yed gases such as hydrogen net hane, carbon

oxi de %lo’%fgﬂl%i@ Epntaigmg straara) orgirtde Mibthanodyigpidallcontains

MY . net hanol, in the preferred
B et &2 VoGt R, (Finanias pustfivethert. partiouarly
pliméthylcathéroketprcar f8dBEes, dissélibd @sOucnIERRLLONANC
fractio tlgn, resulting in a 15 puritied oxygenate
EE%PEPFH fgn 8ttreesm anfl dusebridniihe pxygermte containify @@8mAcrude

: xygenat e nt ai_ni ng_stream or
%ﬁh‘?t?j’??lé B e o B B o w et brewmy wi ¢
oneficatiomprecesies it st Ritioh S S0V e Qr, L e
nol.ecul ar si eve cat allyc;st egéggrr%%{s:i ti o%&lglg%tgﬁ E)eglémg%&/%
Phﬂfg?fco’%én%? CeHanmEstreas sfor extmsyde, doath@bialV@rdde A and AA

valr of . pr.ime products, particularly
FiCBRHOE S B0 bl SnlR P SrEma e icgloopgmelsontaining
Nomand, ioptidnally veixesi @m&t dithiss i . DrOCess is
descrj bed i? EP-B-0 933 ggg%rﬁ%{%ﬁﬂ%g&ﬁglrt%ne PPy
Wﬁie&ll FlgYeeptalyst compesitiorc dosclibedoabol/ b ar arnyosi ofihd Ptocesses
d

aRLEsy, ess, optionally with the integrate
L A Bh B Eee SR onde Preckyisphationety g
alefis), ethylae and/of 0 INBR initin® Bind is i
ol ymeri zation pr gl?ggggs for prlté%%c' n lgsg&;t@ﬁytegrated

;881:63;;5 I gsprdbed ind®-B-Or93353 46 xahich és hérSin iRy Bldbrporated b
%&kgaﬂ %thse?r | al ful}P 09/ 615,376 fil ed July 13, 28’00,

renice! more fully integrated process, optionally with the integrated
processes described above, olefin(s) produced are directed to, in one embodiment,
one 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

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
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Is herein fully incorporated by reference.) Light
A efin Usage The light olefin products, especially the

wetmslasieo and t he propyl ene, are 30 useful i NnPCT/US2004/019346

pol yneri zati on processes that include solution, gas
phase, slurry phase .and a high pressure processes, or
a conbi nations thereof. Partp ularly preferred is WO
2005/ 035120 37 PCT/ US2004/ 019346 a gas phase or a
slurr hase pol rization of one or nore olefin(s
I%HV)II) ati of (s)

aft & ©8h@s cPrbmerzaton efenenr nyore pidfiats) at [Ehet oae

pPef WHRh ' Llize a. polymerizatign

ot S AnlTefe B A s b R RSt o

t pelymetisgionaatalyst taecandhdlgsiny sHess Uso8BiROYN %fthse molecular
are

hawever,. the. preferred polynerization catalysts
t HELLoRA YT g‘nsg‘ﬁé‘?dt abovetiomier grs theynseferrad pelymesieatien catalysts

s 1 16h- a0 ol yneri.zati on
R B B 2 BB tspoed

byolyinerizatioh catatyiseatridanixoies B8RS WESFSIRACH RORNEd by the
inglude |inear |ow density polyethylene, élastoners,
pﬁ"’j%’inslﬂ@rt@? PERSGPSeR dersTibed heve éndiydedinear lovwvdedsingspdlyethylene,
P&k I : n I opyl ene
e, R g O PR BB Bl st
yolypvepyleteyanerjoharomiengicopElsmess. i"[']fé'ﬁr'@iﬁfléfe%%édgpolymers
pol ypr | ene, isoqtactic polypropylene, syndiotactic
&EPé‘Sﬁﬁg%ﬂ%%?maﬁazaﬁ% pyacesses mghuierfactit palypopylehapsstictic
qQQﬁJ : fer aodi nent, .t he integrated

pr ocgggﬁ%%ﬁ%}kl{aé@éﬁlg%ggﬁyor@ﬁ 1 ?Fgepr 37 lﬁ}edf&’é SHOKHE or
nompectalopblyniess. i n t he presence of a pol ynerization

catal yst systemin a polynerization reactor to produce
one or nore pol yner products, wherein the one or nore

ol efi i e b nverting an al cohol, .
parti gﬁ?a?%ydn%%ﬁglﬁtpﬁg i tagrgﬁa UEET Grysey @ polymerizing
paccbysf oneanpose bledin(s) Fe RERERIS T4 polRhHIBE b7 9&%195{
process i s a gas phase pol ynerization ‘process and”at
|S¥§%1P 1B g @obimerigationareagtes torpsgdice ope of momr padirhyt e oducH,

.t h ol rizatign catal yst
YRR R Sonc Rl B1oBh bbb BeBeddEoopusrtag ap alsonaln

bhitisulsriyodivmnt usinghenslanarS& ARl ARSARIHA Ao} S erred
??éft em conprises_a support, a netall ocene or
YR IZRUATERIO G456 iscbehs At podymenization pioebsrand pt Rhaoablby

Hheo1agtd ' non-_coordi natin ion or -

al unmox ar@:’g (gj}l?he%: gtr}%g%eﬁ%? i %rﬁp}%ﬁ’é?’ &Bf Pr ‘?Fg&%]%ﬁ Pqlymeidsatipny
tatelyst 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.

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 GTO 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,
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25 activator is alunoxane. In addition to polyolefins,
numer ous ot her olefin derived products are forned

wonrasoshieo ol efi n(s) recovered any one of the pPOTAES3®3/019346

descri bed above, particularly the conversion
processes, nore particularly %he GTIO process or MIO 30
process. These include, but afe not linited to,

al dehydes, al cohols, acetic acid, linear alpha

0 j vi nyl. acetate, ethyl ene dicholoride and vinyl
chEb et et St pbmputsionel Gedss, aly chioride
1oyl leas 626, acRlifd kRN hel 1S Lnitei
Z?pg%ol, qcfgfgﬁh¥&§%F@?%%ﬂ?gﬁ&%@?Hﬁ%?%p%ﬁ%%%%8$WHSf“m
aeyars enchdimirs ef diyflencepppylene enentylehlier s, and
acrylonitrile, and trinmers and diners of ethylene,
propyl ene or butylenes. 5 EXAMPLES In order to provide
aERaANIRI ggnder st andi ng of the present invention
includi ng representative advantages thereof, the
f ol | ovinrgdentappivide abaten fifidarashding 6X thapebséifin@hon

speci.fied in this patent specifjcation. 10 CARBON
CERfeive Tatcviata® plyaskges Horpsybe Elloaing pemmirmae offered

OE@BQ&EARIaﬁﬁ@@gﬁ@ggpgﬁgggﬁgékgﬁﬁmﬁbgtroduced ei t her

during the nolecular s es’'s 'step, for exanple
as a tenplate and/or as a flocculant. In order to

i pe the anount of organic materials present in
tﬁ%ﬁié&i%@ﬂ@ﬁlgﬁéﬁgﬂéataIysts, a small amount of a
cat al y¥bledPlaP @8R! Gtdivstdmthi %%m I anal ysis, .

i nstrunent, for exany;slte, gm@gr o(&%’rr ggr%gl'&aceﬁsdgatqnals
Entspdueed bitligraluing the molesnlaidve-shithesid §6p, o &Biatdle as a

ltaly. This. Elenental Analyzer deternines the
{rRftte Bk pSReineth Feomeoloyisbamiiningmannic oegrinG
frh ' ' h 020 C. . The
s BSR40 i Codld o Bhea R B Pt R B gttt
aarableze dsadginngeasbarhamatyeisdastaptent v HandlQ (Rehansk BRS
gbggf ang gg%rernal conductivity detector, after
fcll Lt Analren oReCatlg-Brhe Igirupents,iMitans ftatyd dthits  of
[ t hod,al | te .
e e LB hes 1C bo 2B T aemtt o gbripe

tipeaniofilash eombmstien vbarrisg eM@eat By $6205€TPHR rodRts
APPARENT BULK DENS| TY
resulting from the combustion are then analyzed using a chromatograph having a

Porapak PQS column and a thermal conductivity detector, after first calibrating
the chromatograph with standards of known carbon content. This method allows
accurate determination of carbon content of from about 0.01 to 100% of the

molecular sieve catalyst samples.

APPARENT BULK DENSITY

Apparent bulk density (ABD) is determined using the following procedure:
first weighing a graduated cylinder accurate to 0.1 cc of 25 cc capacity, i.e., a
KIMAX gradual cylinder from KAMBLE USA, to record the cylinder weight W,
then pour approximately 25 cc of a spray dried and calcined molecular sieve
catalyst composition into the graduated cylinder, tap the cylinder bottom against a

lab bench surface at a frequency of 160 to 170 times per minute for 30 seconds to
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Apparent bul k density (ABD) is determ ned using the
follow ng procedure: first weighing a graduated

woybisndeinoaccurate to 0.1 cc of 25 cc capaci t ypPCT/US2004/219346

KI MAX gradual cylinder from KAMBLE USA, to record the
cylinder weight Wa, then pggr approxi mately 25 cc of
a spray dried and cal ci ned | ecul ar sieve 30 catal yst
conposition into the graduated cylinder, tap the

P8 R4S BB BECER B SR BoPe
g@ﬁﬁﬁ@& cflﬁ*xdmcﬁﬁ)ﬁ%g %{e%@ﬁ@ﬁz&,{%@%é PHhIREGr 8 eﬁ% V..

he catal yst conposition in the cylinder. Recor
fABTALs oateudpted a3f(WuhW.)/ Y sogramesr ¢yl Fordrmplens aatalysig t he

P& Bogf i wriehingdS ARG VokRR ogaibefier (14 kgl22 61155

. | 2l :
P S kb e o o VRl
polringfheatABDH compaditiery mitda given volvare witloup any paRidg oshi ch
i s determned by pouring a catalyst conposition into
SOPFENY ol une wi t hout any packing or conpacti on.
PROPHETI C EXAMPLE A 10 There are nunerous nethods wel |
known for making nol ecul ar sieves. The followng is

EROPHRHIE EXAMBIF lon of a nol ecul ar si eve,
particularly a silicopal um hosphat e .nol ecul ar .
1 eve 1HSE FEHRESUT BEOALA VR KAOR fRTimaking i feeuianioves.
: . I ; i .
A R T A S L
2i0ioGalumiriophosphatt mhdlgcularevp.o Patcedirby fot makifeer ¢milar A
ol utjon, of 33..55 grans.  of phosphorjic_ acid (85%in
EpJar SgSe yspdf ks ogpleg be R Dareribed Tk £ Publisaion 72
. i O N - 1 i into
o Bl A SR 18 00 e A g B by
tajetomceAS 40 (40% 20 silica) and add 19.85 granms of

alum na (Condea Pural SB). This slurry solution, a
synthesis m xture, would have a conposition expressed

as Molaalo fidhid?33,59 ofatnsy S&Qﬁ{ ' 0

Thi s syr?tLL%glios m)g; ur e&vﬁﬁ{o t gﬁ%@géﬁ]%@%niﬁ:j%@grams
bbdeonedired anatkr panid 612bgrants of a TEADHIsokitiah (8585 $n whed)is
aut.ocl ave. .-The aut ocl ave woul d be nounted on a

, b
PR hgassbeakern Tq thig selutionadd 332 gramsafd-udex AS 40 €8%t)
Gflcd)RMuang 15 BS LM bR Sa (Condea Pural SB). This slurry solution, a

synthesis mixture, would have a composition expressed as molar ratios:
0.15 SiO5/P705/Al,03/TEAOH/35 HyO

This synthesis mixture would then be mixed until homogeneous and put
into a 150 ml stainless steel autoclave. The autoclave would be mounted on a
rotating axis in an oven. The axis would be rotated at 60 rpm and the oven would
be heated in 8 hours to 175°C. The autoclave should be kept at this temperature
for 48 hours.

After the synthesis mixture is preferably allowed to cool, a flocculant

would be added. At this point a gradually increasing amount of flocculant would



10

15

20

25

30

be heated in 8 hours to 175C. The autocl ave shoul d be
kept at this tenperature for 48 hours. 30 After the

weynisivasize nmi xture is preferably all owed to coBCT/U82004/019346

floccul ant would be added. At this point a gradually
i ncreasing amount of flocculgnt would WO 2005/ 035120
40 PCT/ US2004/ 019346 be added until there is

detectable settling of the crystals within the vessel

B3 apdoA e gt BteRorthRisehla o/ GirtEls it BrsSed Sen
erigeddes) 4 QualifRive eddudfio® ﬁﬂh@ Bo1idRRbRIH A8l r8la ﬁ@él{/‘ high

lower in the vessel. Solids determnation int
éﬁ ﬂéls Vﬁ@yl \Mbemosmmlredaty thosnlils |cn1gemthbt@mupd(alt tyoint 1dwes in
el eyations. After .the crystals

sg? @olcf:i Ieer Hatio 1 p

g e ner s defepmyngtion LIS Sieb WAY PO HiSHa! by iremparg fhe
bPity I biS sdrifiBs Atl Eitférent IRk ch& Waer WRWHHLihe ﬁ%&?%@ﬂle to
by decant ation or punping. In a preferred

aepdithe boitein ofthe vessolu fiy sobds-bedd éiduidngpetHeygrvanid be removed

REBRhfalleR o PRESRE" Wb Sifbafadhtadpisfaplivathy gould be
a@del|aad 1ty proéaRl fepuitll gs AtetsaRerot aEFx@ﬁ% §|§ﬁ§gatméley dhear clear

ing to a filter and recoverab
Eqmd@bsved@e s@ledystals. Thesettbdderystas weilkktherchd @hnssdrred by
simlar ta.that. descri i.n _Exanple A in the form of
BUiRE£Q ¢ gg?’i:aé’sgere%ﬁ?mfbg%’%ﬁ Erthsr P’F?C?ﬁﬁélgp resence of a
flocculant using on a 15 filter. (Catalyst A). The
recovered Catal yst A was then washed with water until
nt water had a neasured conductivity of 6000
gS/c The, resul.tin Cata st A had g LQ of 54.98%
and ol RSPBISEURE PR el gryiap e et desoraedg i ample Al e
?o@ml%f@@@& fﬁt@f&k@w% re@@@ré}&y ﬁfthﬁgﬂ:@et@é R Iﬂl%c liérﬁ utsﬁg on a
formof a wet filtercake nps was pl ace
Blerat@atalpdit)aiThe redovergil iatadysh ddwhsthek wasited ofitlRwait tugtil3

eGR40 et GROQHL A G196 SO A5 GBS TeRnE
CabBhY & hada VT oRSAgHS ﬁ'ﬂtaecgclr ARt f)ﬁ)?lafant&g{é £ 13, 3.87%,

hours. The circul ation rate air 1n
8 to 10 CFM (Cubi c Feet per 25 Mnute) ( 0.23

e to 0.29 nB/mnute). After the heat
]mez Catalyst A had a LO of 30.34% and a
car boR 5608 5&fb1e 08 CHa¥ysPAY R nptkSt AR form of a wet filtercake

in lumps was placed in a ceramic container to give a bed thickness of 2 cm to 3

cm. Catalyst A in the ceramic container was introduced into an oven that had
been preheated to 180°C, and Catalyst A was heat treated at 180°C for about 3
hours. The circulation rate of air in the oven was at 8 to 10 CFM (Cubic Feet per
Minute) ( 0.23 m*/minute td 0.29 m3/minute). After the heat treatment, Catalyst A
had a LOTI of 30.34% and a carbon content on dry basis of 13.23%.

EXAMPLE 3
An amount of 500g of Catalyst A of Example 1 in the form of a wet
filtercake in lumps was placed in a ceramic container to give a bed thickness of 2

cm to 3 cm. Catalyst A in the ceramic container was introduced into an oven that
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EXAMPLE 3 An amount of 500g of Catalyst A of Exanple 1
in the formof a wet 30 filtercake in |unps was pl aced

wOno@/oceiranm ¢ contai ner to give a bed thi cknesBCofus2004/019346

cmto 3 cm Catalyst Ain the ceram c contai ner was
i ntroduced into an oven that, WO 2005/ 035120 41

PCT/ US2004/ 019346 had been eheated to 180C, and
Catal yst A was heat treated at 180C for about 15.5

hours. The circul atio at.e of a| in th

ik bson prebeed b B e s host RetgpTablRRC 185yeRly
{98 hgRt T The € Sﬂé raf?&f% bV b AoRa R ot Sko 06 CRAB(RAY
and a" car content on dry basis of 12.69% 5 VPLE
£ ni6r0 go Cg aarlmf’emnﬁu@ GdteathpdicatBrangmerfti Catelystak dad e AT of
sane as talyst A of ove, except that it
%&94%@%@&3114‘?11\&8{1@?“ ?fbdréf%ggﬁﬁléﬁﬁuent h)a(\vieﬁg a -
nmeasured conductivity of 1000 gS/cm Catalyst Bin a

ceram c container at a bed 10 thickness of 2 cmto 3
EXAMPLEY r oduced into an oven that had been preheated

to 120C_ and
about AZ00R GamEle Of AL ET gt Trc ke B s iy CRAD T A 3
9 g "nlw‘r’l g@(ze %ﬁ({:g} li%h ng%s(vpasﬁgd B4 A tovd & Siidéht having a

Put at treatnent, Catalyst B had a
h@bs@éd dohdbéiveigned 1800 pdrdnonCatelystdh in mcﬁraimy: doatdiner ¢f a bed

éﬁ@%ﬁ?&@?«r%@%@s Rrp e B BRESn oA eep pEpeged t
3261’# {fgtﬁi;/gt BlyaR e tfe%teﬁ af MA@ S0l A upay ﬁ@lﬂrs' The an

been preheated to 180C, and heat
tir@dhtesh ate FAAGH filr ovadaous 298 th bl CEM (h28 @O/mpivte o 82Pon

n%?n%ng&e Zk{ﬁé %etigﬁt Ao i tystjé fwé} g{ggfmig@; 3 .
ggrf) gelﬂént WBXﬁéoﬁ%}?ﬁ/a LO of 17.71% and a

cont on dry basis of 12.42% EXAVPLE 6 25 A
final slurry was prepared using Catalyst A treated in

t he same manner as
EXAMPLE 5

A 500g sample of Catalyst B as described in Example 4in a ceramic

container at a bed thickness of 2 cm to 3 cm was introduced into an oven that had
been preheated to 180°C, and heat treated at 180°C for about 96 hours. The
circulation rate of air in the oven was at 8 to 10 CFM (0.23 m>/minute to 0.29
m*/minute). After the heat treatment, Catalyst B had a LOL of 17.71% and a
carbon content on dry basis of 12.42%.

EXAMPLE 6

A final slurry was prepared using Catalyst A treated in the same manner as
in Example 3. The final slurry was prepared by: (I) adding 410g of the heat
treated molecular sieve, Catalyst A, to 882.3g of deionized water, and mixing this
slurry using a Yamato{ 4000D mixer (Yamato Scientific America Inc., Orangeburg,
New York) at 700 RPM for 10 minutes. This slurry having a pH of 5.47 at
26.6°C, was then mixed using a Silverson high-shear mixer at 6000 RPM for 3
minutes. The resulting slurry of t}'lis Step I'had a pH of 4.50 at 30.5 °C; (II) a
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in Exanple 3. The final slurry was prepared by: (1)
addi ng 410g of the heat treated nol ecul ar sieve,

wQ@av@logsio A, to 882.3g of deionized water, andparTNSHEY4/019346

this slurry using a Yamato 4000D mi xer (Yamato
Scientific Anerica Inc., Opagngeburg, New York) at 700
RPM for 10 mnutes. This slurry having a pH of 5.47 at
30 26.6C, was then m xed using a Silverson high-shear

B0 Faeaints S seraony i erbAfak B o Rall T
é@%@%@&%%ﬁ ;%ﬁ@&k&éﬁﬁé@h&?ﬁe&gﬁaﬂm@ thén added

um chlorohydrate (ACH), a
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FLSS, | AP B 6000eRPM ot S niihuted.y
ﬁg%/tlh%{g?r%%%%s%sg‘é&%?% .659% was then m xed usi ngp@l

Bhe seulsiag shinyhof Stepdl afréndkis nzxingGeP RPN HEbef 3 53phiA

Th [t | f, 1 aft ] i Xi
ARt b Smspde af Viydrite O Rugliy iy Fmalyty ol 2aBH 8
?rfom’_ﬁ/lﬂag%s} gxogfeﬂ( @oh%a)‘,: LAY ad @d 18 e résulibLélindY of Step I, and

avai réom lmerys, Roswell, Georgia), was added
toxddhe 70@ RPM usigg selY anyato 0GR mikdr, for Heiminktsse dlTu slpop

iP5 PR Hg0a o118y hsh B vyt Sijat Flsfrke
%ﬁ&é}%‘[ ESQ(ZD ﬁ%{fl‘/f;& fsa%llﬂiieg.hTﬁiQ @RA1 slix 8f Stap 116 BAD2 PAMIBB0 at

m nu inal slurry of Step Il had a pH of
3250, aid 2 AgoGty ardsiaed s Btopkfreldsuscothetas jand using a #3
Brookfi el d visconeter ap ing.a.#3 . Spi e 14
eringles g meosesd AL Ao tif il suff iy Rigepfiiea
' Ak BEGniA 200286501 Cut st Wi m AR Bedi B, 1519%
é*%{()%?@%{ha&\,g? {PhicfiaopeHERE e Candlt W) MO bei n ’
abupgiahanide derred fiomithet AEHADK bintdes, il 44l kenlh clay, 107
kaolin clay, the matrix material. The final slurry of
Qadpx majerighove was spray dried using a Yamato DL-41
spray dryer (Yamato Scientific Anerica, O angeburg,
New Yor k) under standard 20 spray drying conditions to

gi ve ahb@maldlairedf Swb &l ubave wasepeayahted ugisig a Yamato DL-41
conposition, that was then cal cined

at | LN ffle
fspa lever 4Y amafg Selengific Ampgrica, Wé‘g%lﬂt“ff&i%l"?% %Or@t“élde’i Yiapdgrd
of t .cal ci | | ' P
Sk 5L BTG5 okt o s,
Gh4Gvas then calcined in a muffle furnace at 650 °C for 2 hrs. The attrition rate

index of the calcined molecular sieve catalyst composition was measured at

0.82%/hr, and had an ABD of 0.86 g/cc.

EXAMPLE 7

A final slurry was prepared using Catalyst A treated in the same manner as
in Example 2. The final slurry was prepared by: (I) adding 198.6g of the heat
treated molecular sieve, Catalyst A, to 298.0g of deionized water, and mixing this
slurry using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg,
New York) at 700 RPM for 10 minutes. This slurry having a pH of 5.77 at
23.9°C, was then mixed using a Silverson high-shear mixer at 6000 RPM for 3
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wa@2008masional slurry was prepared by: (1) addi rRgTA88008919346

of the heat treated nolecular sieve, Catalyst A to
298. Og of deioni zed water, d mxing this slurry
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Inc., Orangeburg, 30 New York) at 700 RPM for 10
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clay, the matrix material. The final slurry of Step
1l above was spray dried using a Yamato DL-41 spray
dr yer Th¥#@mal shuBg b£Step Tl abdveewdscspray@rzd geingragy acigoyDL-41
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was neasured at . e
index of the calcined molecular sieve catalyst composition was measured at

0.81%/hr, and had an ABD of 0.84 g/cc.

EXAMPLE 8

A final slurry was prepared using Catalyst A treated in the same manner as
in Example 1. The final slurry was prepared by: (I) adding 263.0g of the heat
treated molecular sieve, Catalyst A, to 287.6g of deionized water, and mixing this
slurry using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg,
New York) at 700 RPM for 10 minutes. This slurry having a pH of 6.66 at
22.8°C, was then mixed using a Silverson high-shear mixer at 6000 RPM for 3
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final slurry was prepared using Catalyst A treated in

woOhersgameo manner as in Exanple 1. The final skarmg200a919346

prepared by: (1) adding 263.0g of the heat , treated
nol ecul ar sieve, Catalyst A, to 287.6g of deionized
water, and mxing this sl ur%y using a Yamat o 4000D
m xer (Yamato Scientific America Inc. Orangebur g, 30
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Yamgaip 4000D mipees ford@emmutes: Aaissbuy having a
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36.95% sol i ds of 15 which 40% bei ng the Catal yst A

drveddien tha Ch, Siedhindes, Bekdddi’h aclingti hetepirixavateriam
the ACH, the binder, and 44. 1% kaolin clay, the matrix
material. The final slurry of Step M above was spray

dri ed TUs ifingl SurYREBS©p DI abidve welsphaydiite fusin¥ AMBdr@ato DL-41
Scientific Arrltlel??ca Ig)rangeburg 9New Yor k) Eun der

spray dayed (ﬁé@n:o;tp rsaspnaﬁy Am@er@@,r@ﬁang@msg NevgYegk) amder standard
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a8 wad BiRnahlcidediif A niiiI€ furhst@eX 690 °¢ R 2085 CIRefkrition rate

mol ecul ar sieve catal yst conposition was neasured at
index of the calcined molecular sieve catalyst composition was measured at

1.21%/hr, and had an ABD of 0.67 g/cc.

While the present invention has been described and illustrated by reference

 to particular embodiments, those of ordinary skill in the art will appreciate that the

invention lends itself to variations not necessarily illustrated herein. For example,
it is contemplated that the molecular sieve catalyst composition is useful in the

inter-conversion of olefin(s), oxygenate to gasoline conversions reactions, malaeic
anhydride, phthalic anyhdride and acrylonitrile formulation, vapor phase methanol

synthesis, and various Fischer Tropsch reactions. It is further contemplated that a
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present invention has been described and illustrated
woyorsaBenence to particul ar enbodi ments, thosecofis2004/019346

ordinary skill in the art will appreciate that the

invention lends itself to variations not necessarily

illustrated herein. For exa e, it is contenplated

that the nol ecul ar sieve catal yst conposition is

f inth [ - f ol ef
35 dioat dee SepethiiniacCBimbemsrons: weder somshatimt poticlarly
331 ﬁffeﬁéﬁf f&&lon%h%%ﬁnﬁwr%qi&dﬁpﬂlpg acr lontri
ase ano

formul ati on, vapor WP?{ gwg e, s also
vmnt@uglaﬁdsmmed'mlmpﬁm datadwst b@Aposifidnsidesdribeld R6lein are

con t ha WD 2005/ 035120 45 \
%@g @S&?W@%a%s gﬁreabﬁ E‘Fsrﬁﬁpérﬁiok%deﬂﬁmnbr whieupuifes) and
bV £R0S Ssed bEcibeSSribnnko igagpﬁpe%{dggul rly in

di fferent reaction Zones w thple
r eomanaplatsd stodevulak siev s cathlyst coﬁ@ahﬁaﬁé ﬁbﬁ@ie bhSoMbRGhG"

si eve cat.al yst conpositions described herein are
Jeglelangicvds iy, pqmmbinations diw this reason, daen, wépeancatshosld be made
dh of her various u
oy 2 e o ok bR Sees e GrBiniigar o eape e
duesestipiventesh. nol ecul ar si eve catal yst conpositions

i nclude one or nore other nolecular sieves in

conmbi nation. For this reason, then, reference should
be made solely to the appended clains for purposes of
determning the true scope of the present invention.
WO 2005/ 035120 46 CLAIMS We claim PCT/US2004/ 019346
1. A nethod for formulating a nol ecul ar sieve catal yst
conposition, the nethod conprising the steps of. (a)
provi di ng a synt hesi zed nol ecul ar sieve having been
recovered in the presence of a flocculant; (b)
thermally treating the synthesized nol ecul ar sieve;
(c) making a slurry of the thermally treated

synt hesi zed nol ecul ar



sieve, a binder, and optionally a matrix material, (d)
formng the slurry to produce a fornul ated nol ecul ar
weiizeosd3siab al yst conposition. 2. The net hod of PCraiSm002/019346
wherein the synthesized nol ecul ar sieve is.
synt hesi zed froma synthesis gixture conprising a
silicon source, a phosphoroué source and an al um num
source, optionally in the presence of a tenplating
agg&?$ﬁ§. The net hod of any of the preceding clains
—the slurry in step (d) is formed by spray
drying to forma spray dried fornul ated nol ecul ar
sieve catalyst conposition, preferably wherein the
sPfeglaigyi ed fornul ated nol ecul ar si eve catal yst
conposition is calcined. 4. The nethod of any of the
precedi ng clainms wherein the anount of synthesized
npl eculpsamesil ' ' | n_250.Kg.. 5.
The. ot crof (2 oty el B e L el P St e
sigthod gympriging therstdpesifzed nol ecul ar sieve is thermally
treated,to a t eratyre ipn the range of  from80C to
150C, @ha o‘?f"%ﬁ Hothrsizehwolpgiiay sieyehaving bashaeaovered in

si eve tharedencedFRMdcEAMENt i n the range of from 0.1%
to about 50% and/or whefein the thermally treated

nol ecubar sthewellyaeating e symhediedrmasigeilfsidieom 10% t o
50% 2005/ 3512? 47 /'US2004/ 019346 6. A net hod
for sy¥t hes SRy Qe thermapldy/iaeatedwynthesipedimolecular

conpr issdvada binGer, %@&ﬁioﬁlﬁllé g)mat&?%ﬁlt%%hlai zing the

mol ecul ar sieve'in a slur P’y conpri sing
one or(dhor gouting th dliwyto moticea, fofrfiulalet MdISUHIE RUVE atalyst
and acﬁhosgporous source, preferably the slurry
conpr i“SB¥OH8R | con source, an al umi num source, a
phosphorous source and a tenpl ating agent; (Db)
contacting a flocculant with the nol ecul ar sieve; (c)
e cov dihiemethdreofimbdinc Livherei 1w eynthdseled hallbotldrRBove is

r. sieve Ls recovered by filtration, nore

mol.ecul .
SYIéts%S:‘J (5P A S¥hesibuAtuIgcempEpng BaHicpB Sokrge,;a phasphofal)s
Rete b AIRSitAesSREE %H{i&{alﬁlliﬁ #% presence of a templating agent.

3. The method of any of the preceding claims wherein the slurry in step (d) is
formed by spray drying to form a spray dried formulated molecular sieve catalyst

composition, preferably wherein the spray dried formulated molecular sieve

catalyst composition is calcined.

4. The method of any of the preceding claims wherein the amount of

synthesized molecular sieve in step (a) is greater than 250 Kg.

5. The method of any of the preceding claims wherein in step (b) the
synthesized molecular sieve is thermally treated to a temperature in the range of
from 80°C to 150°C, and/or wherein the thermally treated molecular sieve has a
carbon content in the range of from 0.1% to about 5 0%, and/or wherein the

thermally treated molecular sieve has a LOI in the range of from 10% to 50%.



7. The method of claim®6 wherein in step (d) the
nol ecul ar sieve is heated to a tenperature in the
woanmg®3siRof rom 80C to 150C, and/ or wherei n t hePCT/US2004/019346
nol ecul ar sieve after step (d) has a carbon content
in the range of fromO0.1 %tzg about 50% and/or
wherein the nol ecul ar sieve after step (d) has a LA
in the range of from 10%to 50% 8. The nethod of
clainms,6-7 rein the nol ecular sieve is conbi ned
wlth & WF‘&P% g’f FEBeSIZINS 2 Bedeclor Figvmlthe/mathbil namprising the
faegpqr fornul ated catal yst conposition, preferably
wherein the fornul ated nol ecul ar sieve catal yst
conpos(@a) i orcrysaliipingyhe moleealar sievt iBIsurp), eeS1@P) Yomprising
wherein the fornul ated nol ecul ar sieve catal yst
conmposTHi B Anqre Ogg FiicpiespuIee, amalygingy spwee, fand mphasphogpua

Mol eCc WodfceShie I | tL.on, the mnethod
conpri si r?S’S}% hge?%l?ggéo ; (% Is;%/r%gt#elglc% Oee: AR plurimyn
si eve sonrcg, 3 plasphaouyesse andpriehplaght ¥gdht; reaction
vessel . capabl e of producing greater than 250 kg in one

C
bat ch,®f he CoRiacHRg Saerylans Wit thevmolsculas sisve; ( a)

ne i . : 's

a7 et RS e by BYAhClERUR sieve s

r eact irervered byl filtrytioMOnRBOBIcBBEHLR th HhMR QAP %l?a%%?i%,
c

[ ntrodugi ng a flocculant to the synthesis m xture;

recovéPfng the nol ecul ar sieve, preferably by

filtergng thg ¢ ] hxture; (d) thermally

treat i(n)g t he rmﬁ%ieﬂc}%ri%?h@?éeﬂ\}%;s ARd (B) conbining the

thermally treated nol ecular sieve with a binder and a
material tqQ formthe nol ecul ar sieve catal yst

gat ri tl ne
0n'po>ér'rh{3 msodief clapmed yhemidn step ¢ ethemodeantre sipve igtidatetl to
. ' f | OAHod 1N, th synt hesj s
aflerdbtuicih e RAES bEROR s0%: kel Ptk Al diiooerd dhe plgsutar
aigvlé aftarstdp (H) hascudasbvn coatglt B thatdist bORdM 0.1 %4b Iy dtgoo
11. The method oF

in rodHce.d ﬁo the synthesis m xture. .
rarmEhgedhomelcsnlsr pigva el siep)(d) ikes afgDiindharangé ef/om
g@9,ab%eé, conposition is spray dried to forma spray
dried nol ecul ar sieve catal yst

8. The method of claims 6-7 wherein the molecular sieve is combined with a
matrix material, and optionally a binder to form a formulated catalyst composition,
preferably wherein the formulated molecular sieve catalyst composition is spray

dried, and more preferably wherein the formulated molecular sieve catalyst

composition is calcined. '

9. A method for formulating a molecular sieve catalyst composition, the
method comprising the step of:
(A)  synthesizing a molecular sieve in a reaction vessel, preferably a
reaction vessel capable of producing greater than 250 kg in one batch, the
method comprising the steps of:
(a) crystallizing the molecular sieve in a synthesis mixture;

(b) settling the molecular sieve in a reaction vessel by



conposition, preferably wherein the spray dried

nmol ecul ar sieve catalyst conposition is calcined. 12.
wohersmesinod of clainms 9-11 wherein the nol ecul aCTRIS2008/019346

in step (d) is thernmally treated at a tenperature in

the range of from80C to 150 and/or wherein the

nol ecul ar sieve after step ( has a carbon content in

the range of fromO0.1 %to about 50% and/or wherein

range of 11 SERUREE 2eblert 1S Bethgiemiowe; any of the
preced ng. clodi morabinghembleoeRHLiaY ol 30 ferifl e

cationic. 14. The method of any of th rec n
cl ai s wher ®ifhesisanigfwe;hesi zed  nol ecul ar si eve or

| | i ' ted , ; f th
aroup constdt ¢ riyemrl il bR oS o, an
al um n@hosqanaiiging e Florm A1 AFBRNR 1L NS sme %fﬁl eﬁr)igder and

sieve, an AEl franmework-type nol ecul ar sieve and

CHA arfimAfEx maferslde demththe mateoudat sievenamaiystcompsition.

nmol ecul ar sieve. WO 2005/ 035120 PCT/ US2004/ 019346 49

15. A process for converting a feedstock in the

pi0es erite méthbdef BNy Asreil BIGE to & LoD
of tgg% of the preceding cl ailﬁrrl\é). 016.91; g)%ﬁ%g@glggﬁ%}qmc&nthe
PYBGETS MiktBreds sepamiecdeiromdhic mokpulat sieve aod Rédtional flocculant

GRARF L&d; .St 8 f. i ntroduci ng a feedstock,
pr ef e?%gﬁ%%g}ng ] }ﬁ lﬁt%%(f)uf%%é’é%% éﬁ@“ﬁ??bﬁﬁf}’r’qﬁgés one or
nmore oxygenates, to a reactor systemin the presence

35) t?ﬁ formul at ed nol ecul ar si eve catal yst

rrpf £ ﬂl%ﬁﬁh@rofcqlﬁmfﬁlﬂ,o wgrey in buip @) thg nf(lcrcl)emmrrseeve catalyst
&R - n uent stream an passi ng
th eﬁ es???rﬁ;eé%bleag e@ of ﬁ? g‘ﬁﬁlﬁl Sgr?ye(_{:rﬂ%é??}e%‘ﬁ@’t &3¥e cplalisier i ng
aombesittn, pheferably vHerd RS BLBTdrlMiSolecular e QLAY at ed
Erocess for maki ng one or nore ol e i h S), 158
PR LAY calsingdess conprising the steps of: (a)
passi ng a hydrocarbon feedstock to a syngas production !
zone to producing a synthesis gas strean (b)

12. The method of claims 9-11 wherein the molecular sieve in step (d) is
thermally treated at a temperature in the range of from 80°C to 150°C, and/or
wherein the molecular sieve after step (d) has a carbon content in the range of
from 0.1% to about 50%, and/or wherein the molecular sieve after step (d) has a
LOI in the range of from 10% to 50%,

13. The method of any of the preceding claims where the flocculant is anionic

or cationic.

14. The method of any of the preceding claims wherein the synthesized
molecular sieve or molecular sieve is selected from one or more of the group
consisting of? a metalloaluminophosphate, an aluminophosphate, a CHA
framework-type molecular sieve, an AEI framework-type molecular sieve and a

CHA and AFEI intergrowth or mixed framework-type molecular sieve.



contacting the synthesis gas streamw th a catalyst to

forman oxygenated feedstock; and (c) converting the
woxygassized feedstock into the one or nore ol ePCWUS2004/019346

in the presence of a nol ecul ar sieve catal yst

conposi tion made by any of he net hods of any of the

clains 1-14. 18. The integré ed process of claim 17

mherein t he process further conprises the step of:

3P DALBOBFS 207 et BB AP GRE BEaP{RSERe A hemoleculr sieve

RLNB! &nhfdsition of any of the preceding claims.

16. A process for producing one or more‘oleﬁn(s), the process comprising the
steps of:
(A)  introducing a feedstock, preferably wherein the feedstock
comprises one or more oxygenates, to a reactor system in the presence of
the formulated molecular sieve catalyst composition of claim 1;
(B)  withdrawing from the reactor system an effluent stream; and
(C)  passing the effluent gas through a recovery system

recovering at least the one or more olefin(s).

17.  Anintegrated process for making one or more olefin(s), the integrated
process comprising the steps of:
(a) 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 made by any of

the methods of any of the claims 1-14.

18.  The integrated process of claim 17 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.



