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WD 2005/ 039761 PCT/ US2004/ 026547 1 MOLECULAR SI EVE
CATALYST COMPCSI TION, | TS MAKI NG AND USE I'N

WEANYBRE,ON PROCESSES 5 Field OF The | nventi onPdi®S2004/026547

present invention relates to a nol ecul ar sieve

catal yst conposition, to a Inet hod of maki ng or

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

conposi tion. Backoround Cf The Inventlon 10 d efins

are tradil AR S 6@ AT ARYSE , BEON: ock by
catal yt rps MAﬁtﬁ@'mr)m m mﬂmmlv %@ESSES ki ng
process €eSpecial Ty steam cracki ng, produce Ti1ght

olefin(s) such as ethyl ene and/or propylene froma
\FeldOyThenveutswcar bon feedst ock. Ethyl ene and
propyl ene are inportant, commodity petrochem cal s

useful in dbggFssertynyntigp selass iost %Pcﬁlﬁk?lﬁ@e et cs
a0 S0 e b SEIPR RS o IBIRELL SEreman!
&5ppokitibh,yandte 8 batversi@r 1&06@! vsing ithd @tdlyst oopgition.
olefin(s). There are nunerous technol ogi es avail abl e
for produci ng oxygenates. including fernentation 20 or
ﬁg%%iLﬁﬂupéfixggggihﬁngas derived from natural gas,
rbonaceous materials including
coal , recydlefihgdrashdicisnalmprodicedlfronapdimlanm ﬁer&&stod:kt ther

organic material , GEnerallﬁ‘ t he production o
Syl StegrTaoking Rrecesses. JHAAFSIIENE Rré%ﬁé?ffso?ﬁpé‘flaﬂy steam

%%Cf'}égrgéﬁl%%ﬁce ?‘o eﬁnﬁ&i% et %ﬁd&%ﬁ%&?leﬁ? g{gﬁl a R

car € and/’or carbo

I hgdscpbos! ft‘éﬂ;*.t@dfk Priotar3as pRipyhone aveihipokiaavgomnasiity
i ncl ude conventional steam reformng, . autothernal
mstreshengals vrefu 1 H@, BivBiiehOf Biocesses s makingtiastiss and qfher

Cﬁlgﬁl‘r‘cra ?odm@& ?E for light olefin production, is

typi ca esized fromthe catalytic reaction of
hydr ogen, carbon nonoxi de 30 and/ or carbon dioxide in
a net hanol reactor in the presence of a heterogeneous
catal yst. Fd psitashsmuacal indugieh Wﬁ%oﬁ‘é’sﬁ%scﬁﬁ%'%’é@gh

E’%&g‘%&%oﬁ%ﬁ@@g&%gﬁ%l# ﬁfe%%n@er}fﬁe%&ggfg%‘)’ &%ﬁljt(s). There are

numerous technologies available for producing oxygenates-including fermentation
or reaction of synthesis gas derived from natural gas, petroleum liquids,
carbonaceous materials including coal, recycled plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Syngas production processes
are well known, and include conventional steam reforming, autothermal

reforming, or a combination thereof.

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 methanol reactor in the presence of a heterogeneous

catalyst. For example, in one synthesis process methanol is produced using a
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2 copper/zinc oxide catalyst in a water-cool ed tubul ar
nmet hanol reactor. The preferred nethanol conversion

wWEe@sm3w6i s generally referred to as a net hanoPET/U82004/026547

ol efin(s) process, where nethanol is converted to
primarily ethylene and/or peopylene in the presence
of a nol ecular sieve. 5 Ml ecular sieves are porous
solids having pores of different sizes such as

S Pl o S8 Cp mBfel rargt Bl Bt ey o
e felrEPmBatane] S3HPeAN RELLe w&%@b_rmﬁe@ td ésteasméthgnouo-

f

known as zeolites, for exanple al ufnosilicate

b fids) Ipswcess eveage metlgingbis|donestadrio gemeridy ethylvee anddre- |

t wo- . or .thlgee- di mensi onal crﬁ%talline pore structure
RERRYIES itROPIERSACE 0% B YR Sl enpl ecul ar di nensi ons
that selectively adsorb nolecules that can enter the
pores, and exclude those nolecules that are too

| arge. 15 TMelesubr sicvennre gorfolie salitts Haypepoods afdiffaredtaizes

e 0 Rk SR o TR b
ebintdislly ukahl 1%6%91'&1{; sie&m%ﬁ'lor ‘gmﬁ %ﬁBle{}Bl- anﬁgéﬁzz%&gﬁcal

descri bes the use of wn zeolite, M5, to
cdwsties arekimewiobs Fenlitespfosfek mfiple;alwhiBosiRedte ntolddolar sieves.
%O&%Q%S di%t(‘}%sses t he conversi gn of, net hangl. and
RS BoeaiaRe f ny RyP s SETHPBR TR otG
e L B R e B S R ectively
midsorld p@TE; eGBthdiesmnrentee ¢het preesy gad efclMhoSmblecdenthet dre
net hanol to hydrocarbon products such as ethyl ene and
%ne; and U S. Patent No. 4,310, 440 descri bes
producing light olefin(s) froman alcohol using a
crystal line al um nophosphates, often represented by

ALPO4. 25 (ierofretrhanyndffereuseped ofimbleculhagieves enellknbon to
AT KLY TN T -
e S DO S, b Ko T MO Pl i v of o
farciiiempmizesiite) ZSM-6, ©f conBeOR]cthandllHR] olafid(s); POS] Patert Ny,
G080 J08 S RS T o Agmctang G her GaiESRRSo cthylenc

R4 BldpyieHehing BERSIRRE hﬁﬁ'xlg&}’l'cr EhRRE Sror SRRPIE Feoli
gengrogﬁey sylnntgjhem zeg %y t he }13?5{ ot ﬁer’mgr ik Zeolite T,
ZKS5, erionite and chabazite; U.S. Patent No. 4,079,095 describes the use of ZSM-
34 to convert methanol to hydrocarbon products such as ethylene and propylene;
and U.S. Patent No. 4,310,440 describes producing light olefin(s) from an alcohol

using a crystalline aluminophosphates, often represented by ALPO,.

One of the most useful molecular sieves for converting methanol to
olefin(s) is a silicoaluminophosphate molecular sieve. Silicoaluminophosphate
(SAPO) molecular sieves contain a three-dimensional microporous crystalline
framework structure of [Si0,], [AlO,] and [PO;] corner sharing tetrahedral units.
SAPO synthesis is described in U.S. Patent No. 4,440,871, which is herein fully
incorporated by reference. SAPO is generally synthesized by the hydrothermal
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WO 2005/ 039761 PCT/ US2004/ 026547 3 crystallization of
a reaction mxture of silicon-, alum num and

| east one tenpl at | POT/E§ONL/026547
Synt hesis of a SAPO nol ecul ar sieve, its fornulation
into a SAPO catal yst, and itd use in converting a
hydr ocarbon feedstock into olefin(s), particularly
where the feedstock is nmethanol, is shown in 5 U S.

iP5l o tultoR e QNGRS R Bl phosohgpe- o

Bhireds aad et Wb tetplating RGP Syathess by a BAPEr @BRkeular sieve,
Typically, nolecul ar sieves are formed into nol ecul ar
i dymulatamainiose SASRealystorns! itsoise ipe@wertinged lrydrocarbon

ur-ahi,l i [ mrel-ci.al nversikon .1 r sses. .The .
SRR g olgef PP R Gl R SRS 3Rt BpEERT b bV
CRS dlayst Ndx0na9s327,006 PR241, al 6y, b e e 383 .5,d9%¢1 63
reactor walls, and other reactor systens cause the
531#166P 54 0ol 455250k oA vhinbgre hepindkllp rcprmskeisd bardlsance,
fines. The physical breakdown of the nolecul ar sieve
catal yst conposition particles is known as attrition.
Fi nes of t ermmypidallyl Melet@AEEiOVesiafe foie@ irfth URNMécusdrisRaa
resul ting in.prog[ens 15 in recovery systens. Catalyst
edayIomrsidng o Hapwvh fhpifedurpiliydn samaergalgonyersioon

ewer. fines,.less catalyst c 0Si ti IS
PRSP aTRE PolisiohE Pt £ Ema R Py b T RRE g et o

tOmbE¥iEdn PRGICRE kg =Bt Sthe Mg Wallk, Hid@Vier ¢etctr ¥§dtems
conpositions are fornmed by conbinin 20 nol ecul ar,

a
squse ghepadtialepta bregkdereeiniasmaliay amrt'yc%eis wall¢selipgse ddn pbysadal

L KR M R

siteNéh. FiRes URen ofit eneRis Atk Bhét%troBh &suBin ih Brdblns
formati on of nol ecul ar sieve catalyst conpositions is

Wetecovap aystems. Gatalyist eaypasitians peing iadiighsr taststanes fo 4ttrition
i S a%l 0._known 1tghat th% wa i.p whi ch .tgicraf nmol ecul ar d
gPasyle I s RS Israpsl Y cfmbe g ot ysahuited of Gt an
airleLlife thabaley et iCIOMRPShdrhidiy &sts | tion. Exanpl es of

nmet hods of naking catalyst conpositions include: US.

Patent No. 5,126,298 di scusses a nethod for making a
cracki ng cata t .havin igh attrition resistance.b
conbi i ng. CUBIeEF SPG Gy IR rer® sy 1SR Rp Y
sl dldohi 2 §ictletad @ iRk IntRerd] Wkl 1yaR thBprSRMES 6F Phinder. The

phosphorous, and spray drying a m Xture of the
phupesd elsthis dindey isstogidlddle apatGx matesial,Rdtearatclayo to the molecular

Ls"i’egg 7T1:1Lelgsevéq b%ggesré gg’ rzlg}ﬁxpr%l{eg% 919 ﬁ{eo oPrr?a 170n of molecular sieve
catalyst compositions is well known for a variety of commercial processes. It is
also known that the way in which the molecular sieve catalyst composition is

made or formulated affects catalyst composition attrition.

Examples of methods of making catalyst compositions include:
U.S. Patent No. 5,126,298 discusses a method for making a cracking catalyst
having high attrition resistance by combining two different clay particles in
separate slurries with a zeolite slurry and a source of phosphorous, and spray

drying a mixture of the slurries having a pH below 3; U.S. Patent No. 4,987,110
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4 and 5,298,153 relate to a catal ytic cracking process
using a spray dried attrition resistant catalyst

W@ ovsas9Teng greater than 25 wei ght percent nol BCTIUS2004/026547

sieve dispersed in a clay matrix with a synthetic
silica-alumna component; U.3 Patent Nos. 5,194,412
and 5, 286, 369 disclose formng a catal ytic cracking
catalyst of a 5 nolecular sieve and a crystalline

Ol B 5B FER ooBnas Crptts Diefhnaisinsdt prnidr . afiion
%éﬁantle'at%lysf’ @t hilWosreatdy B4R 03 1ii élﬁ @fc@ﬁt 1{1816‘&9?{@1% a

partl cul at'e i nor gani ¢ OXl de conmp OSI a zeolite
ahispessed i melay ohbox with obyntheic sus:araémhmatompbhemm Patent

Ve o kL Ere B PRI Toing § ebabB cinepinggalabot of s

%(lb'l%&ﬂar%ﬁev@ and Qrﬁﬁﬁlﬁﬁé‘ Eﬁﬁmﬁlﬁxﬁ BosiHatd B1RES Q{flég %é'uﬁg

and an externa phosphor ous “sour ce;
Noea I65s1thdy 2078 /g landst ot pera xméurhe levathanrd. béc/g; Uz&d?atetneNo

SRR s o Btting abdiein i w6 sfg?cg#l do potupori Epgeotie
NMad aﬁmﬁﬂ&n@ﬂ%rﬁﬁ:’lﬁl it fsCfeﬁ%cﬁe(/ltﬂ onhi St ZBRh lalBhesive

slurry wwth a clay and source of phosphorous at a pH
dﬁnctml B. Batett NS -Fa i 865 Nelainisa tiethdd, of %kdi@a:maiyﬁ tey drying

hod 0, ea a .nol ecul ar Sleve to re
é@@ (%Fglﬁf SIRYS: a8 1BOLGATHA OXj F’IS‘B:]st“P ré%’“%‘}ﬁ‘ﬁlay
%&Sbﬂh@r&ms%ﬁ@ 34 S@'a?e%‘i\]%r 53168996 ﬂRfoht’é? tis%f' n

and a silica sSol: U S. Patent 'No. 5368 I scl oses
azeolmbetcmidumcataﬂktm gatalysmmhydufymg tlecicbling veidt aplyesphity

t%'ﬁta i 1R et RobS b opfraes RebrsyaRnasotit
QtirElewitPa 88 andBYHRE of ?Bo%horotﬁg af :?gﬁtdf BB S Patent No.

Pept’i zat i on” Behavi or o tals in I's and
SR idisessses monethod) forGleaming/ imolebi]ar prge $o %ﬁ%&e Bb[6Qen;

S olite aggregatjon at_or near the,
AESerdet Noc Spanc e qf‘ft?gﬂ%F%’g 1198 APAR A uglgcular sieve
i f .an
A A Rk A0 R PRI SO LY S ol o
Podshodctat making® c2241966 bidckiag catahyssbymisichingahe abeleytsit pait
RN T L o
@bﬁ Méﬁ%&set@ll éﬁ“&%{%ﬁdﬂq&zﬁéﬁz&ﬁo@b&”ﬁv&gwg§m§@ysmls in

nmol’ ecul ar “si’e a matr mat eri a an i norganic
Solsdaddusygasions) dntli Eh@ Chewh afc. 40) pagleéGBl—l?.aW A0V disclsses

present in an anmount |ess than 40 wei Jer cent
Dt PegeEon ALOE A S PoREr PO G BrEREHBNEO 99/21651

S ek D840 FPLEBH B 51 1067

afiolecular sieve; PCT Publication WO 02/05950 describes making a catalyst

composition of a molecular sieve containing attrition particles with fresh
molecular sieve; WO 02/05952 discloses a crystalline metallo-aluminophosphate
molecular sieve and a matrix material of an inorganic oxide binder and filler
where the molecular sieve is present in an amount less than 40 weight percent
relative to the catalyst weight and a preferable weight ratio of the binder to
molecular sieve close to 1; U.S. Patent No. 4,443,553 discusses the addition of

aluminum hydroxychloride to an aqueous slurry employed in the preparation of
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al um num hydroxychl oride to an aqueous slurry enpl oyed
in the preparation of WO 2005/039761 PCT/ US2004/ 026547

w®2dosmsadecat al yti c cracki ng catal ysts i n or derP€DUS2004/026547

reduce the viscosity of the slurry; U S. Patent No.

4,987,110 di scl oses cracking5catalysts containing a

m xture of clay and a synthetic silica-alum na

conmponent derived froma silica sol and al um num
l.orhydr.oxide, 5 Although,the | equl ar siev

S St e S PR Bt tgodtef g sops U

IBatnOTRI HOB7 A0 \IRdchdsecREIBAL 88T sts cbniWRhdla Rexture of clay and

desirable to have an inproved nol ecul ar sieve

catyaibptie siisapbuning eamipanemi dethead feom atsilidatsoband aluminum

resi nce and commercially desirable operability. 10

§§%ﬁ%%§0¥§eThe I nvention This invention provides

nmet hods of naki ng nol ecul ar sieve catalyst particles,

nol ecul ar sieve slurries that can be used in such

met hods,  ndlteenghdhe giodsrulag sicut 9atelystompywisitioondesaribled

their use dn.catal ytic hydrocarbon 15 conversion,
aPBcus et in Rlodaon s HaRlRIaTaS, B oREbRTeirae o
aé ki {nSprovEdndlddul2 lsic?s BRG kst doRfhosEaHab 213 RV RN
met hod of making nol ecul ar “si eve catal yst particles,
trepastanoe lapd convmarrielly desirablesipepbilit: a) providing a
sol ution or suspension of an al um num cont ai ni ng

i norgani c oxide 20 precursor in a liquid nmedium b)
SuEkhAOF TR [mObkiioPN OF Suspension of

al um num contarnirng 1 norgani c oxide precursor with a
mol ecul ar sthaymveaten proptdes neethogls of hekingonoletwlti sieye
agent tq forma catalyst fo | ation slurry; c
SRS Toeptiden 2pe b SiaThrmier BRY e pipetlon Bishandibess,
idd16kuddrdleh ¥ catabRE 66RbEGRonsUnd HRGF ERSE catalytid %P@ro%ﬁﬂ%ﬁ y
the existing percentage, of alum num ators of the
SPUYArHOMPIRE cesgn Sathnasrigr theewanugasture nf bheorf mpra défin(s).

ol igonmers having a sharp 27A NVR peak at 62-63 ppm
and d) form ng nol ecul ar sieve catalyst particles from
the catal ygh a f16f S8kt fhe fnvehibs yroch{eéfa%&H&a/%frﬁg&iﬁg s
carried out at a tenperature and for a period o 0
miatecub sleve lvatalyst partiakss, the atethod ompoisingphe ftepsadtt y) 10

aton&.o/ of . the al um num . C . .
provi 1n% a solution or suspension of an aluminum-containing inorganic oxide

precursor in a liquid medium; b) combining the solution or suspension of
aluminum-containing inorganic oxide precursor with a molecular sieve, and
optionally other formulating agents, to form a catalyst formulation slurry; c) aging
the catalyst formulation slurry to generate in said slurry a percentage, or increase
in said slurry the existing percentage, of aluminum atoms of the aluminum-
containing precursor in the form of oligomers having a sharp >’ Al NMR peak at

62-63 ppm; and d) forming molecular sieve catalyst particles from the catalyst

formulation slurry.

Preferably, aging is carried out at a temperature and for a period of

time such that at least 5 atom %, more preferably 10 atom %, of the aluminum
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WD 2005/ 039761 PCT/ US2004/ 026547 6 atons of the
al um num cont ai ni ng precursor in the catal yst

wo eoosbeEsi on slurry is in the form of ol i gonePGI/ISR00410R6547

between 10 and 75 al um num atons per nolecule. In
anot her preferred enbodi ment® at |east 6 atom %
preferably 8 5 atontg of the alum num atons of the
aI um num contai ni ng precursor in the catalyst

SR ho S AT et aiin g P ST b oA SR BB R B Sy i in
m&h oflolGorhbh %%h%{be%@éﬂ deshdr IR llil.ﬁﬂm%oﬁae{ﬂﬂmmum

nol ecul ar Sieve catal yst particles,
conprising the steps of: a) preparing a solutlon or
precursor in a

suspensi on _of or C ,0OXi liq
medi um b) é%‘ﬁgffr ﬂ?‘ﬁgeﬂfeﬂe@@& {menirptdeast ) afomn €4 BFPf‘%?FbIY 8
laRNB2B he AinflSurR LREHE apfhe%mnam-mtﬁﬁﬂl;ggﬁe&ks%\f f1 theNd

optional I'y other fornulating agents
caw%meubupmﬂth iom thelforny pf oligamers hating ashap&hsliNR
ic oxide; and d) form ng 15 nol ecul ar sieve
Tlﬁﬁgl)ézf icles fromthe catal yst formul ation
slurry, wherein said aging is carried out at a
tenperature and for a duration such that the catal yst
f or mul at i oﬂn 3Iscuon¢ ahpex:t,a;hRiaivanﬁmeprivméis agndthéd of residyg

f : d .
GHRICGIA 57 B ko BClanne Bietiod seitnatitisnie Fives é)'frepanng
o B P Sy AL K
tomhBinimpthe sputibeordibspedsidiof inorgantouxide px:eplﬁsdsr withhe

resent invention es_.a thod of  maki
Gt 3176 0 PRty e P 86 seeie btbcatalys
0
Ry ?%%’?%’2%;9%158 y é*"%fﬁfé@f 8 AL Wftinfhs
ﬂmdeqmﬂar steyve camlystrianticleh ﬁ‘oﬁDﬂhH tatatysoformukipien shuary; @herein
' anl C oxl(ﬂe precursor wth _a nplecul ar_sieve,

d
Bt WH? R 3f BriFIPSa G 2B @%@sdur%ttpnf Wil the catalyst
g@mﬁim&hs a%élgﬁvébgidﬁl%’o]a‘fﬁm@& £8 gy/Phs,

ormul ation slurry; and rmng -“nol ecul ar  sieve
Patfedahlyt aging isicairedl duteitnatdreparatues yistt fof aperidbdbdf e such that

S%ﬂcééaﬁ; {pradian B RErisre Baukns BEC SonereERand
19, B ek ol gt e L e )
| ess than O. 5. WD 2005/ 039761 PCT/ US2004/ 026547

In a third aspect, the present invention provides a method of
making molecular sieve catalyst particles, the method comprising the steps of: a)
preparing a solution or suspension of inorganic oxide precursor in a liquid
medium; b) combining the solution or suspension of inorganic oxide precursor
with a molecular sieve, and optionally other formulating agents, to form a catalyst
formulation slurry; c) aging the catalyst formulation slurry; and d) forming
molecular sieve catalyst particles from the catalyst formulation slurry; wherein
said aging is carried out at a temperature and for a duration such that the molecular
sieve catalyst particles obtained after step d) have an ARI value of less than 1.0,

preferably of less than 0.5.
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7 In all three aforenenti oned aspects of the
invention, it is preferred that aging in step c)

wo 208839pbace by mai ntai ning the catal yst for nuPGI/DS2004/026547

slurry at a tenperature of fromOC to 100C, nore
preferably of from 15C to 80C for a period of at

| east 2 hours, nore preferably for a period of at

| east 4 hours, even 5 nore preferably at |east 5 hours
and nost p r l:4 1. al

preferred Fﬁ%lf {h??éex@%%nﬁigﬁg%%pg gtlsg |c()) Z Flhsei 1%)1}71&% ﬁi %gsrpgr gfr?lrrgd
hat Bging & 416 c)aglesk gladciemamiibing ithgcardlyd foraeulatidmesiurry at a
formul ation sl urr%t/CP ibaoqredi ents. In a fourth aspect

tavepoprtis O oy én 6 svreipesTerablyof fiom hald Rg0°gdor a

ggljioecf: (yfl at 'iea§t't %P{oqlr?,%g}éﬁgfepa)%ﬁ%fo? la%%rio& B?aﬁgéﬁ Q%ours even
onprisi ng e steps T a) provitding a solution or
PUSOPREr Wy of lehst O Igams Sndibsterefefbly stdéast B haulsi It also
medi uny b) aging the solution or suspension of
PrrovrRsithel thasdetion acsispersioncqf inpiganicokly is Rat agsf befosh
' j ' ' . rsor with
Ao ENAREDRA Bt Dl GRRORIE R MERBIREY PO 1) B ng
agents, to forma catalyst formulation 15 slurry; d)
form ng nol ecul ar sieve catalyst particles fromthe

cat al yst f &t #rintuath asnectsthgprgsenijpeention pagyides methed of making
t . i t th
Aol i EPRELS M orB0 e SlepRa UEBLRPR REGED ot o

?)ovﬁtﬁﬂga aoluBi oV adspengddn of iB6Fzahitaskide frecyis@figaaiouid of
ess than 0.5. 20 In this fourth aspect of the
impdai b sgingthg solpen ey suspenskay oftinergarie QKidstprecursor, c)

f.ormil at i AErY ' i n t t t Lk
T S T L R
BRuE,Snd BpeSeNIgRE Nerfotmiletiss ddvats, &b foPmrascatddpdt @réhulation
form ng the nol ecul ar sieve cat a@/st particles in step

alurry2d) tarsing meleewpssievaatalys spetslesdion e qatalsh farayylation
agi ng_of the.inaorgani ' recursare sol uti.on o
SRR Bl Sl R ARy B R o Ry e

fiEmolel1bi i@ Rfal$dt PRRIESsUdtBhed 410 GRPIAS hovd ALART value of
tenperature of from10C to 80C for a period of at

lesg §ran il .G praferablyr efflessdbiy0for a period of at least 1.5
hours, nore preferably for a period of at |east 2
hours, even nore preferably for a period of at 30

| east 3 hows fhis fsth A3p&d OF & iMvédiongit REreRFre@lthatthe catalyst
| east 4 hours. Mre preferably, the WO 2005/ 039761
FaTulgpochyrris Brging@ined at a temperature of from 15°C to 50°C for a
period of not more than 12 hours, preferably not more than 8 hours, before

forming the molecular sieve catalyst particles in step d).

Also, in this fourth aspect of the invention, aging of the inorganic
oxide precursor solution or suspension is preferably carried out by maintaining the
solution or suspension of inorganic oxide at a temperature of from 10°C to 80°C
for a period of at least 1 hours, preferably for a period of at least 1.5 hours, more
preferably for a period of at least 2 hours, even more preferably for a period of at

least 3 hours, most preferably for a period of at least 4 hours. More preferably, the
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WQRd@51089760C.

solution or suspension of inorganic oxide is

mai ntained is of from15C to 70C, preferably of from
In yet another preferred enbodi nePCT/U82084/026547
four aforenmentioned 5 aspects of the invention, it is
preferred that form ng the c%talyst particles is
perfornmed by spray drying and that the nethod
conprises the step of calcining the nolecular sieve

I i cl bef al yti.c. . :
FaliRolPhe BRein e Reple SRR it B i 151G e
pr&sERbIRA FIAPLFNMoG ¥, de precursor conprises an

al um num oxi de precursor and/or a zirconium oxi de
precursor, and is nore preferably an al um num ,

o onbar b SeChoBRr RGBT R PR Bl
ASRRELST 1S inbBRionlR id Prgtddmat foRRiRIBE BAthSst Patteiiéds

mediumis water. In a fifth aspect, the present o
ipasfermddory spravdrisg aaddbatahssietholeompirised tha siep @f cgicining the

R MRS R AL (o
optionally, matrix particles; wherein at |least 5 20

atom % preferably at least 6 atom % nore preferably

at | east 1@\l don ab fofur pfngemprytimet] pspedtsfaditing o entiamyiheum
oxide is in the.formof oligoners havi.ng a shar 27Al
Rl ot 3o TGRSRt R preursof
faBa/8¥ b afréiurd lowtideprésiirbdieind 18 PGE F?&*_éra@ly%%‘l@hﬁﬁ%ﬁﬁ

form of zirconiumoxide. 25 In all five aforenentioned
ablyeadtydragd o dnealimmingmp-izononijmm dhéorphwyfrater ed that the
catalyst fornmulation slurry further contains a matrix
material, preferably a clay, nore preferably kaolin
clay. In an@hbglarfebaodRiint Of al@&'&)mfa&'&%méﬁt%rf%%gl%éc%&qhe
aspects of the 30 invention, it is preferred that the
danteatig tthe prefamtedtliqoid slediunyishwatera vi scosity of from

1.0 to 10.0 Pa-s, preferably of from1l.2 to 9.5 Pa-s,
when measured at a WD 2005/ 039761 PCT/ US2004/ 026547 9

t enper at ur gy Q%’f‘fﬁl’@a@%\ec@?t@e ?P&e&qn@miéﬁw&viaes%r&%wel d

LV visconeter, with a #3 spindle at '10 rpm In"a
omatatassduty, canispre & moleqwarsidve papicdast (s hydrolyzed form

%?la u?nlﬁluanrl oxt e?’&:) water; (d) optionally, matrix particles; wherein at least 5

atom %, preferably at least 6 atom %, more preferably at least 10 atom % of the
hydrolyzed form of aluminum oxide is in the form of oligomers having a sharp
7 Al NMR peak at 62-63 ppm Preferably, the catalyst formulation slurry further

comprises a hydrolyzed form of zirconium oxide.

In all five aforementioned aspects of the invention, it is preferred
that the catalyst formulation slurry further contains a matrix material, preferably a

clay, more preferably kaolin clay.

In another embodiment of all five aforementioned aspects of the
invention, it is preferred that the catalyst formulation slurry has a viscosity of from

1.0 to 10.0 Pa-s, preferably of from 1.2 to 9.5 Pa-s, when measured at a
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5 catal yst conprising a silicoal um nophosphate
mol ecul ar sieve; al um num oxi de; zirconi um oxi de; and

w@2obagy76wherei n the catal yst has an ARl of | eBGT/UBBING/026547

1.0, preferably less than 0,7, nore preferably |ess
than 0.5, nost preferably | s than 0. 2. Preferably
the catal yst has having an alum numto zirconium
atomc ratio of fromO.1 to 20, preferably of from

.0 to 15  por bly f . 0,
Griseprtsolf 2% SIS P ufbe BN LY dechud vl
gakahiRtas 10tphhe present invention, or made by any
nmet hod of the present invention in the conversion of
hydr ocar bon feedstocks. 15 In all aspects of the
invention, .th | ecul ieve | refer.abl .
nmet al | oal urlrll1 %%ﬁﬁagg%cgft@é ﬁ%%sgrétul ggnt%n \]/fg{la%r %’renglecular s1eve
PRsEt i@Ringfa siltealhiné pigsspiritd wiechl SR, AdhindVBkide;
spectra of alum num chl orohydrate 20 (ACH) sol utions
pirepawB @xidet imdaneayiiviiseuin theFatglystiiag gr AR oflesndhaprlag,
NMR spectra of LCO- 1056 d L 8676, sal ut,ions
Ui Saesha Oah e RECe: el e 5 Dise ) R HHE T s than
Pes arrbREdbBthEtatdlys: Hab ¥ePinoQn alhhinigtiechitconiuih&omic ratio of
invention is directed toward nol ecul ar sieve catal yst

Siompd s ite Pormseferahlyi of fivak 2rltoakdd mage pressrablyod fiom 3.Q9do 10.0.
conversion of feedstocks into one or nore ol efin(s).
30 WD 2005/ 039761 PCT/ US2004/ 026547 10 The nol ecul ar

si eve cat alyishres@pB&htibAR%0QElatdd€o fHeameBF tHeBaRiMstOsT the
are formed fromwhat we shall hereinafter refer to as
aresertanvyestion,or madaby eny srethed/of thy peeserftiaygpdion in the
formul.atien slurry repared by conbi ning a sol ution
SPnéﬁ%ﬂéﬁgﬁgﬁma%Pxéﬁ%ﬁﬁsgganic oxi de precursor
preferably an al um num oxi de or an al um num 5

zi rconi um oxi de precursor, with a nolecul ar sieve,

opti onal | y It il adpectp pbihe dowegfonathe melgenlacmesera preferably a
formul ati.ng .agent. The .slurry then goes through a
PE?ﬂ#ﬁﬁm%P%%gggm%UnOGPgaﬁggvéhaped products, e.g.,
spray drying. After calcination, nolecular sieve

Brief Description of the Drawings

Figure 1 shows *’A1 NMR spectra of aluminum chlorohydrate
(ACH) solutions prepared with and without aging;

Figure 2 shows 2’ A1 NMR spectra of NALCO-1056 and NALCO-

8676 solutions prepared with an without aging.

Detailed Description Of The Invention

Introduction
The invention is directed toward molecular sieve catalyst
compositions, their making and to their use in the conversion of feedstocks into

one or more olefin(s).
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catal yst particles are obtained, which have a high
resistance to attrition, i.e. physical breakdown. 10

waookaswsesur pri singly found that when the cat aPgBUS2004/026547

formulation slurry is submtted to a mld thernma
treatnent (aging) before forlation of the catalyst
particles, the nolecular sieve catal yst particles are
more resistant to attrition than when the catal yst
formul atio slur

I S.not bef or.e formati on of 15
the car al yore SRl cBtngtBoutiRe idigRynvention
f R RAMED &om \bvflattvl?hesh%‘ﬂl HE iR @ refeB t6SRONGk APt %rmulatlon shurry.
i norgani c oxide precursor is submtted to a

tHeroatellyst fosmubatinn slufagie gyepaedddrecondriningg sbhmonaur abspshsion
formul ati on slurr t he I ular siLeve C st }

S tn o Bad Bekinsl e dIRrP Y 5t Ap BT GRIdE REAS gihgHmum-
tﬂ"l%oﬁlﬁintﬂ}dl&%‘pﬁéur%fsﬁﬁﬂﬁsd IﬁBle@{llar 48R Q?fib&alg)ih I8 Ibléseﬂeé of at
aged. In addition, we have found

§9asu enadlper (ftvnmﬂatmgsqg@ms ilbn Sbﬁryr thon g@tm through defomuag prawess to

[ d t I d t h t . d :

e PE SaneiprfieRe b tainy e Al S o ion PRt gy

Cgataﬂﬁ?{)é‘rﬁ&l@é Y2 lobtal ATWHEH R e HEK YesPRUL & Bition, i.c.
revented in order to obtain catalyst particles W th

mhghe@tbr@kﬁcbwm on resistance. 25 Wthout wi shing to be
bound to any theory, when appropriate aging of the
solution or suspension of inorganic oxide or

appr opri at ayaghRdudbridiisly fs@{@tw%héxpeh%hﬁwspfbn%hmlaﬂ

is applied, there appearS to be an ideal di'stribution
olurryie a@hmm@d tonigldsthenna dreatmertt ¢agiag)dlefst féraratioh af iten

I det er m pes. t he ndi nq efficiency of the
iR BB BF Sk € Curab i idles %s'm'r@ qsloggyt to
Tk ifUh fah WhRHRESIRystHBImEMASP lslﬁrry\i‘% 10t a%é@ﬁ%o?@fo?m%on of

al um num oxi de and ~precursors of um zi rconi um
dlwé chealystpartictass Alyod veet ey efsorprsingly foluadithregif WO solution or

2005/ Q39761 PCT/ US2004/ 026547 11 io niumions,
AP PR I00 PGP iSOG B, 1 Tl (heTHEioatnent
QYA beBRMOANTHEIN Q¥ BEmAfafoR Slub§VEd ntfefari&s € Ralyst

in water solutions or “suspensions. “Various forns o
alartivlasane morepesistdst taratritioaskart when thi eolutiquiod syspassion of

such as aqligonerigc forns of alum ontai ning from

InQTgag ouls = HAsrE an 2 EHRPRUNE B2V Had fhef, vHismdbepution or

\éagpeﬁﬂén Bpm% aflc &a&&%m&g TR 18 il fRERA thdtment
he Ti1quid phase, such as oligoneric forms o

z(agedb)be:fum formmgn]m cegalfystoioriAulations elveyadging of the catalyst

formulation slurry should be prevented in order to obtain catalyst particles with

highest attrition resistance.

Without wishing to be bound to any theory, when appropriate aging
of the solution or suspension of inorganic oxide or appropriate aging of the
catalyst formulation slurry is applied, there appears to be an ideal distribution of
reactive ionic species in the catalyst formulation slurry, that determines the
binding efficiency of the inorganic oxide precursors during the catalyst
formulation process. For example, with precursors of aluminum oxide and

precursors of aluminum-zirconium oxides, various hydrated forms of aluminum
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hundreds of zirconium atons per nol ecule. The
di stribution of oligoners depends on several factors

WO p@bosti7eg, but not |imted to, the al um num oRCTES2004/026547

precursor concentration, te erature, the pll, m xing,
treatnment history, and the O ionic strength. The

present invention provides nethods by whi ch an opti nmal
distribution of reactive ionic species is obtained in

t.h e catal.yst fornulati dur i cat al
PR oo bt o o . i e R oxice
| 20126 cSROHI REde 2k bRIKEE IAR PredeBRGH Wé?er%b}ﬂﬁbﬁéj&? suspensions.
species, is OPtI mal in that the catal yst formul ation

sVamuy fqm@l of ¢lurpinwmdompowids\aee pmsamymtthqahqmd phes, wichhas

her .attriti.on r.esist ance t a cordin
EPRErif Frbisior ok Eh b A e 13 St gt s
S.itéiﬁé’ &ALl \H?ff%ué: QR %E ZRlonlilf) RnSstRRks hﬁgﬁ&%ﬁﬁﬂ ithe
t he nol ecul ar sieves synthesized above are

dmmfbplmsalsudaaml;gomnp foosd esg-cofiom t;dmtslnmgrfnnﬁ &, to several

d f | at t I
R T e
faepends %hlse%rmrm&bys%cmahg Mt Rot. GALRHYS (thd AL AR 'OQfa
slurry, which is then forned into cat’alyst particles

[pequiser conventratiant temiperature stbepHi, muigntg, tmatmdnehﬁﬁ)ry, and the
Iecular sieve-containing slurry which is forned into
&3‘%?@ articles shall be referred to as the
catalyst fornulation slurry. The catalyst fornulation ,
slurry is made by conbining the synthesized nol ecul ar
si eve(s) vvﬂih@ pa%ehfriuvg‘ainh@rcryi(dwhampﬂmdmbs wthichnoh optimal
a matrix. mate

f(P lhlﬁfqg)lln: %" éeagagﬁ {ognc §PRCIESHLS é)hﬁgapm%e %g%gor o hﬁl‘uon slurry,
20084 Q%%%@lys?%ﬂ%@gﬂ&%@ TheldisGMudby oF rJaPﬁMoﬁfc s?@mes,

slurry is foormed by conbini ng an aqueous sol ution
puefprehlyirorctiyt abminworsgeniés isoptisealpn de mlswcrata/lyit fioranulation

| | d Pr ef I
SoUPE molEy B P eV Caudlet ettt Wi pigpetisbrsesipignossthan
SHfR aBhgicldiinglio ARkavaRbAINRY Afligs. ol ecul ar sieve

synthesi's, often referred to as wet filter cake. In
anot her, but | ess preferred, enbodi nent, the nol ecul ar

sieve | %IIX |ed and optionally cal cined, before
( miin ution or suspension of

i norgani ¢ exhl& RIREYF BPreseh? invention, the molecular sieves
synthesized above are used in commercial catalytic processes. For this purpose,
they are made or formulated into molecular sieve catalyst particles. Molecular
sieve catalyst formulation involves making a catalyst formulation slurry, which is
then formed into catalyst particles. In the coratext of the present invention, the
molecular sieve-containing slurry which is formed into catalyst particles shall be

referred to as the catalyst formulation slurry.

The catalyst formulation slurry is made by combining the
synthesized molecular sieve(s) with an inorganic oxide precursor and optionally

with a matrix material and/or other formulating agents. In an embodiment, the
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15 The catal yst formulation slurry may al so contain

uncal ci ned nol ecul ar sieve-containing catal yst
weansisd7es, which are recycled in the fornul aPCDNS2004/026547

process, as described in PCT publication No. WO

02/ 05950, US Patent Nos. 6,105,749, 6,541, 415,

6, 509, 290 and US Application publication No.

2003/ 0135079, all incorporated herewith by reference.

B S LR L BR300 B
B% ds18h (0f S i X SR (%ﬁd rek@'ﬁl‘sspwitﬁ%l rHS’l@ctHXlasﬁév%l{ﬁldEﬁ/lﬁﬁﬁng

ydrat ed al um na, i cas, /or ot I norgani c
OXI de sol. Exanples of pr eferred i norgani ¢ oxi de

precursors ursors re 20 ef er
al um num c rﬁS@Eﬂ%@df %FIEYF{ ISUHTE9 11} 2 B9 f[l:)}{]r}’ drie S c,
kRO ifERlRe oJtHRed 'aﬁé}" H81M61aP Kb RIEEIY S8 d toasa

according to the present invention, 1S converte
awetiffiter galei In ameibds bat fes\mzrelﬁtrﬁed;) embedsncnarthe m_olecular sieve is

ufa uri,n Iar catal yst. rticl.es.
Y Aged g 8&?%{1392‘{33 PSP Hﬁfi&@@@ﬁe gofytion or
| NP RdL Gf RorERic &ﬁ@é:lw’eéﬁ-%oﬁct s like glue, binding the
synt hesi zed nol ecul ar” si eves and ot her 25 opti onal

catal yst formulation materials together, particularly
after dryl o IC|nt|on Upon heating, .the
i nor gani c %FE@W&@PO% WHHRIEY flsa crman! %afcmed
aVs] n
oo %%V?Z“")%?g% Sy RIS TP RSB B 0BT
cfmmildailmt priogess,ais |[dosviribgd hveHCTtplmatmtmﬁNarW 0205, US

AN 02 3EbAL LIS 301 b Db e emiscion o

Q@Hié/‘d%ﬁ%/ Q?ﬁé&%oﬂa%eﬂemv 'Bk‘%gﬂe&[fnegydr ate, also

referred to as al um num ch or al um num
hydr oxychl ori de, a hydroxyl at ed al um num based sol
cont ai ni ng chl oride counter, ion, has the gener al

formul a of A FEry moePRE PGS PrFeaFsorhihatare gseful o
O?ag%oorﬂiggsto thelResBnt 19vér§1|%)? &hﬁgﬂtl éﬁn@pl&%ﬁ@hmﬂ%lﬁ&e' S

. Alum numb5 ¢ I's ‘usual 'y prepared
kyyridlh@srpdas\nfrhgdmtekilwnnme,mhbascami/onrnthermnorganila)oetﬁc&tsaﬂ
?6‘?{ aln rochlorlc id under controlled

Bip{ss Qre s nsrgAvC Ry RERSHEIPQE aTe; AUy nrggywsors, more

SETERGE b Uy RS Ay, o
Adae@H BCde prd2sonused acqordingrie tar @dsent invention, is converted
into an inorganic oxide during the process for manufacturing molecular sieve
catalyst particles. During the catalyst manufacturing process, the inorganic oxide
precursor acts like glue, binding the synthesized molecular sieves and other
optional catalyst formulation materials together, particularly after drying, and/or
calcination. Upon heating, the inorganic oxide precursor is converted into an
inorganic oxide matrix component. For example, an alumina sol (precursor) will
convert to an aluminum oxide matrix following heat treatment and a mixed
zirconia-alumina sol (precursor) will convert to a mixed aluminum-zirconium

oxide.
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commerci ally avail abl e, aqueous sol utions. O her
non-limting exanples of useful 10 al um num oxi de

w@e@soseoer s that may be used according to thi SPCT/US2004/026547

i nvention include alum num hexahydrate, al um num
pent achl or ohydrate (A12(OH) &35), al uni num
tetrachl orohydrate (A12(OH)2C14), al um num
trichlorohydrate (Al 2(0OH) 3C 3), al um num

di chl or ohy ate

sesqui chl o L&?Alﬁg%%é‘%ﬁogéépeg% _aLsa-al}ang% ehjgehydrol
2 laltndi il hatikoREHIBR &) b%&%ﬁﬁﬁ%ﬁl‘ﬁfﬂiﬁl BRNE @Elrdo‘ﬁtalmng a

di meric, oligoneric and pol ynmeri ¢ al um num speci es,

dbjperdd ICQ@H’[WOQ,EM@ itlzl genfrat faymslas ot A LA (QH @ix(H,0) wherein

SE R iRt L S A8 A0S houth 1aane P T Sienturgme
TRREOISRIrate lﬁlil%fpreﬁ%{ﬂed bydidsOR 16X SR Ene@d11i0 bRERASM or

useful according to the " present invention are
pydeatadsdunsingfin hydratieme 2did onddr lﬂtvntmllctbmndﬁm Alummum

S RENREHS o Bl oot G Telrrmionts. s sl procirs,

Zbf SQRIPWH dotillo® E@M@ﬁl%ﬁnul@lM%GMJCFh(ﬁz@'}' d#13% pre-prepared,
tetrachl orohydrate, 25 al um num zirconi um

pemre@maléy oraylablat aguceuissalutions. ADtheonéntimiting examples of useful

ARt e A Pk PR SRRl t@%ﬁh%%gémflwe
ammhﬁ hexatlydfite) Lamrﬂmﬁﬁ%htaemb%mlr&e PRYAHEYCIY), x&hﬂﬁum

npl ex, al'um num zi rconi um t et rrachl or ohydrex gl yci ne

é@rﬂﬁhl@mh}’étwﬁdn(ﬁ}@u(ﬁhb nhmnnurpdmnhbmmm’w (IH&EQOI@]3¢I§) ),ne

GRRR R e Bt PGS L B e brphetn?®

glzﬁbHﬁ's@h sprmgels in aqueous sol utions. Reheis
em cal's inc., Berkeley Heights, New Jersey produces

a variety WO 2005/ 039761 PCT/ USZOO4/ 026547 14 of

al um num zi.r coni um loro drate terials can
be prepar ed® f‘?lt?ﬁ}l%so‘i IB?mﬁiﬂ%Bgﬁcﬁ?ﬁega PR [PAgOmeric,
Bh&dd, 3ligorAssdarS M&Wﬁnﬁﬁh&’ O—E&%S( gézg)lqrf&l%%'on several

zi rconyl —hydroxychlori de (ZrQ ium

Higedore gychomithopld; tempeastue, t(MHrOMi(AERMN G prasance of other
conbi nations o ese zirconiumstarting material s,

W RSBS S /Y WF%tﬁaq‘Qplﬂ%om?H% WYH: such as a

sol ution of alum num chl orohydrate, alum num
hexahydr ate, alum num sesqui chl orohydrate or al um num
Other non-limiting example of binders useful according to the

present invention are precursors of aluminum-zirconium oxides. Such precursors
include, but are not limited to, aluminum zirconium chlorohydrates, for example,
aluminum zirconium trichlorohydrate, aluminum zirconium tetrachlorohydrate,
aluminum zirconium pentachlorohydrate, aluminum zirconium octachlorohydrate,
aluminum zirconium chlorhydrex, aluminum zirconium chlorhydrex glycine
complexes, for example, . aluminum zirconium trichlorohydrex glycine complex,
aluminum zirconjum tetrachlorohydrex glycine complex, aluminum zirconium
pentachlorohydrex glycine complex, and aluminum zirconium octachlorohydrex
glycine complex. In the absence of glycine, these materials form gels in aqueous

solutions. Reheis Chemicals Inc., Berkeley Heights, New Jersey produces a variety
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di chl orohydrate solution, or a solution obtained by
conbi ning one or several of these al um num species

wa@elossoes. Al um num zirconi um tetrachl or ohydr BEBESZ0€026547

used in anti perspirants and deodorants (Joe Parekh,
"APD Al uni num 10 Chl or ohydradfe", in Soap, Perfunery &
Cosneti cs, July 2001; Allan H Rosenberg and John J.
Fi t zger al d "Chem stry of Al um num Zirconiumd yci ne

ngf‘rngﬁmﬁé’i?%l@@m‘&%%ﬁ% TR AR R b P igesl fom 2

NRFies of PRk B Em stieiho Bhtériald 39D asBArcoh chiéiie (grBC‘P ucts
from Reheis include REACH AZP 902, REACH AZP 908;

m@ﬂlhzdrosseﬂom@@w(m{)&zz 2O UREACHO AT BrBG B ms&:

W 83?@%)0 %;I{Idecgo {953 tggtglﬁfegélgcgorﬂugnrp §* a(lz')tllrlflgt matenals with
A 33 d* A imirdind Pl on! suchds 4G B8tor aﬂﬂﬁﬁﬁfn &ﬁ&r&hydrate

nmononucl ear hydrol ysis species, are predom nant
tahemipbny gy dodte Calurpingm 2@ droinydustestri ahgmimmnbe bou nd

b n rtlclartheo elieved that the
HeaTe it S0 ¢ daRialin bR IR mPiaing TR gpoveral of
Zhése %ﬁin&iﬁhm%?b&és@%ﬁﬁfoﬁ& AIaRihh E’H%oﬁﬁﬂlst%§achlorohydrates are
depol yneri zati on of the high-nol ecul ar-wel ght

alsedvinrantipsspicindsantdotpeddrents Woe P ateieh, ' APReA lvomnof

RSP ap S e T eR s CGRERES R M Sl oRosegbere
ah8 QohrAF @@Eérhﬁh%egﬁstf%ﬁﬂ%lﬁ%ymdnﬁﬁﬁ I@9cift lexes

various zirconium Specl es. G her non-limti g exa
oft Aatiperspizants aciipewiosntsh2nd EérnobeRews&UamlsExpandgna mdcby

Rl Elho Bl DL Vel 166 A4 o SR A rodheii i
REHBY FHAXITREA CYE AZPGDS aREAQeﬁhmP 9)08 ORBARYS gzp SIREACH

transitional alum nas such as /3-alumna, 'y-alunna,

A4 0oa, @A@Wm,an&mmﬁmsgiﬁl
PCT/ US2004/ 026547 15 al um na, and p-al um na, alum num
trihydroxi de, such as gibbsite, bayerite,

nor dst r andith @enc@d@itskd SifsonfRe SJHJ’BEBH§ estidhe 5%}1 uclkd} A%

enbodi nent, the |norgan|c OXI de précursor ution or
@mm@es; @Lgn,ang(m}é)ﬁ SrapOH)sn, M(@HMJ” mathm theimononuclear

um zi.rconi u o>qde rec sor Iutlon IS
@Ha%b%sospﬁﬁﬁ%&rea& n‘}i‘%me%‘ c}Pr:ruI ation from

an inorgani c oxide precursor in povvder form and
wat er. Such i norgani c oxi de precursor
Without wishing to be bound by any particular theory, it is believed

that the presence of the zirconium complexes in aluminum zirconium
chlorohydrate solutions causes depolymerization of the high-molecular-weight
aluminum species together with the formation of aluminum dimer and monomer
species. The acid catalyzed depolymerization of the aluminum species is also

accomplished by further polymerization of the various zirconium species.

Other non-limiting examples of alumina precursors that can be
used as inorganic oxide precursors in the catalyst formulation slurry include one or
several of the following: aluminum oxyhydroxide, y-alumina, boehmite, diaspore,

and transitional aluminas such as $-alumina, y-alumina, §-alumina, e-alumina, k-
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sol utions shall be hereinafter referred to as "fresh"
sol utions or "not-aged" solutions. In an enbodi nent,

wo b@s50s8Esh | norgani c oxi de precursor sol ution PGI/IS1004@6547

aged before conbining with the other catalyst
formulation slurry ingrediedfs, i.e. the inorganic
oxi de precursor solution is nmaintained at a
tenperature of from15C to 50C for a period of not

re.than 8 hours,. nmore preferahly not e than 6
Bite] BBt phRba B EoR et bn Bvos e areiand
R dstRh e UaRlite, 38 nliRfufes thdigdy, 2 hours, before

conmbining with the other ingredients used to formul ate
the 15 catal yst. The fresh inorganic oxide solution is

conmbi ned wi.th the nole ar sieve to formthe .

cat al yst fJPﬁﬁleﬁ’?’Pgﬁ"@ﬁ@? YT ?’Hé?]p%ﬂc}l@%ﬁﬁ‘t‘%onaﬁe
bﬁ%%éh@ion,f QDY A 8uiR L5 WhiRkd §lﬁﬂiﬁu&a$iﬁ!o¥ﬁ%rb oxide precursor
particles. In this enbodi ment, aging nmeans

swobtiont ispeepated imatediapaly béforaxdtalystdursilatioy fibm a inbigdnic
thermal treat msnﬁtiﬁ with é])_r Wi %h ut agitat i,gn and/ or

STHG PRGSO i BYW TPy ARt u PUR BRTEc tdds Prep wrger
tdoRRMONE MalIHe Ut GnatRr %éfé&é&tb%&t"ﬁ%%"aéohxﬁy E'B?"&%?E@* I on
of the reactive ionic species at a su ]ILI cient rate
anatitions.aln aarembhodingertt f the ffrestt inbogamlid avidée prechst solution is not

attrition resi.stance operties.in the catalyst . ]

et Prfolcomanige Rith the hibel eyt tprBatsrs Retradians i

tth@inoAd RV @ REQIrEH Rofulibs is heRMihed 5{‘:% t\éﬂl?érature of from 15°C

mai ntai ning the catalyst fornulation slurry at a

tte #PC frarperiod of natmor® thand HAGE, mpregfrefesdblynafmbreahan 6
0C to 90C, nore eferably of from15C to 80C, nost

Eh_ﬂ@fse PUBOIG P By SORTRES e BRES sk mestgwelgrablypaef more

Fharf2 ho&s, HRbord orhbRfa il El%%@héﬁﬁ%rfedgﬁ%%g& 9rePRulate the

various factors such™as the type I norgani c  oxl de

patdyst.sor, the concentration of the inorganic

precursor and the tenperature. WO 2005/039761

PCT/ US2004/ 026547 16 The hi gher the tenperature and

the [ower the foR ﬁﬁ)?%d'n% 6795‘7 %cﬂgﬁ&? fs%ﬂjlbq%éﬁ?\!vgﬁt e molecular

precursor, the less Tine w e require 0 achieve

tsheve o Gperthé eatalystdbrmadatin sirry,hemd that slloyedd thagebbtd on
sd)ur.rg according.to the invention. Periods of aging
Topng RegmIspy iy Siey e cptafshRartiolepo lit us gpladimany, geiag means
| . . . rs.:
gt Dok BE AR RUANI S Bl B or
prigfost aditatiombnd/easirridaibersixing. nThe firafied o£he thermal

mbodi nment , . aqgi .of the catal yst formulation slurr
ﬁgeag%qnlt &q%beg sutflciont to allow tﬁqe g%neration of the reactive ionic gpecies

at a sufficient rate and in an amount sufficient to allow the best attrition resistance

properties in the catalyst particles.

Conditions of duration and temperature that allow to achieve this
result include: maintaining the catalyst formulation slurry at a temperature of from
0°C to 100°C, preferably of from 10°C to 90°C, more preferably of from 15°C to
80°C, most preferably of from 20°C to 70°C. The duration of this mild thermal
treatment can vary, depending on various factors such as the type of inorganic

oxide precursor, the concentration of the inorganic precursor and the temperature.
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for not nore than 150 hours, preferably not nore than
120 hours, nost preferably not nore than 100 hours.

w0 200agsaTen t akes pl ace at a tenperature of fronPGDUS1004/026547

50C, aging of the catalyst fornulation preferably
takes place for a period of ¥rom 10 4 hours to 80
hours, preferably of from5 hours to 75 hours, nore
preferably of from6 hours to 50 hours, nost

ef.erabl of fr ur.s t 26 _ho | n .a separ at
PHETERRE e Shsfits Al ReSubindSiteitation MfodERE Wik
Srbetré@Nthe Bdss tlﬁiésvplﬁrb%l r@d%\.ﬁ?edh@ﬁclﬂ@&ﬂh@ﬁ%}%} @éier\@f égmg of the
before comnbi ni ngw\évth the first nol ecular siev

staitplysy | forhllléatlonh agadiding te ltheonwényignaBeriods of ¢ agmg fnald

b 15 th_t
R AP 2RSSR Bolh el bk b ks
ERcUA bon MORIDrERAIFEY &ildist ¥ hawa hllldiﬁ}ibﬁ p%%kéfma@ RB1e8St 10 hours.
i nor ganl c oxide precursors are used

elmsqupivnad emhgdlmynb pgingof thematpbyist fcmoulactmqmimrya sg@rformed

FesdBod it RoPEaRR ST st SRR AL IO n i Hafinererably
Lifttitad Han @D Bik, W do Okl SR o R ARAREARGAOI°C to

stirring and/or m xing, 20 before conbiningt
s¥I°Gt #ing of the ndalyatrﬁoun@batlol@plpfm tabes y»iatch fcblmepemdde)f from

' dj r.mu e the taI

PG bt ot Rt Ply i Sy BS7 BN R orefsebly of
Sfedrh i6GioBR 1o 150 MAlFOMobI R BEMBES SR 7 ‘RBUH‘% JERGkL Ve
ionic species at a sufficient rate and in an anount

slofafsepdratetembledimant dhe tlorganisroxade prespersiqueowd solution (or

PR 165 b PROFHLNEh PRy SRR st e Bt wplseylr
AgRG1ERO UL AhdSluRBiR CABEb S raf §oﬁﬂ]%ﬁ h@isWHeln ANGwELT fe

period o time sufficient 'to allow the best attrition
rs£ors p@mbmlrmwb thej fést mpletier sevealuyst Tias wiouldds:, the case, for

X Condi of durat ntﬂ erature that low to
ARl WiRp Somrerally VAT FeURs L T BPTE 93 deppgceutsors are

SRkA InQRisAnbOURRGRS &fthéfh% AR i R*pFRuREE oMt
a tenperlasture of frog%w{goc to C p%ef%ra% Iy %‘#{é%gsm IOP

mcans sulggiGingnthe eolwiionR Oﬂ@lsmmﬁbf BOTZAISE 0Ll 65usor 1T a
rabl.y from 15C 0C, .nost_preferably of from
,@E ﬁ’é‘ eatfﬂ%’t %Wl@}? g?g”taﬂ?%al?ﬁ/ defli‘i’é‘Bﬁ’B or mixing,
tHefdt BEIBBmﬁfg‘thE %‘é?lﬁtloxij SPR0aAY onHeéﬁé’c‘u?Hoc‘r \if@ﬁ Y GFherSUCh
as the type of inorganic oxide preéecursor, the

ongmélnmls as¢dolo fofmulhte thereatajpsti The duraonr sbihismild theemal

The h] er t he tenperature and the | ower |
SREerE ol br SETGHAN! (@ 4L e BrE IR € B Bk Sojonic ecies

|a$§§uitﬁ'cf%t Wid ind38 ah @HYuhEitfQent when the solution or suspension of
inorganic oxide precursor is combined with the molecular sieve in the catalyst
formulation slurry. Aging should be performed at a temperature and for a period of
time§ sufficient to allow the best attrition resistance prop erties in the catalyst

particles.

Conditions of duration and temperature that allow to achieve this
result include: maintaining the solution or suspension of inorganic oxide precursor

at a temperature of from 0°C to 100°C, preferably of from 10°C to 90°C, more



achi eve the proper |evel of aging of the solution or
suspensi on of inorganic oxide precursor according to

wa b@siosprent i on. Periods of aging will typical | BCDESHD4/026547
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| east 2 hours, preferably at |east 4 hours, nore
preferably at |east 5 hours ldnd nost preferably at
| east 6 hours. In a preferred enbodi nent, aging of the
solution or 10 suspension of inorganic oxi de precursor

c BERSal B Bt e SRR Bt hirefhal ST a0 by e Hhe
t QITRESIPO AR ifld iRl 13 mdnPeanfard g@ﬂ&m oR§4H86 Btors

from5 to 20 hours. If the |norgan| oxI de precursor
atjeh s thedppaef inergemic 9&319 ersear, las corksniratéon afifhel i morgamc

bef t h t | at I

F R e e T T
a@defitioh &n Tk Fin RO NEprERir &R the ﬁes%'tﬁﬂ@wﬁﬁo@{fe)ﬁtcﬁred to
particles. In a preferred enbodi ment, the i norganic

oschige phecpraperdeves of agmgmf the Solotiors us pepension ebinbeiants oxide
romi1%to 80% efe from %to 7
o Sl or e T sBony Podedt of e ARl DRt thdeast 2

PHRE4) pBsTErablyad ?éa?c' £Efchrd fmor<¥\g1% hs1ytd ?eabmﬁ&ﬁg 'affid okde

sol ution or suspensi on has been aged or ore

curisrablng loast ﬁ hptti@ Itapeefored amp@cﬂmiamt ragireg ¢ fathe solution or
redi ent si.des the |norqan|c oxi de LSO

SR o By PRaiG R PTaR fagemhgahEs Shirom 30°C

Ct@@bac Rfid 8r d RADH 0P HEmMPISAH A s, PréNRbLAN 2 t%@éﬁﬁ.ﬁé b¥from

matrix material or other fornulating agent
rﬁﬂ°@dg I547C g faz atprriod obftolnd tngO@dhduns.t he cat al yst
formul ation 30 process of the present invention vary
within w de ranges of conposition and structural

features. V@t}%‘lﬁ@ﬁ%@ 68ille E%H%Qﬁ‘llﬁg %@glﬁgoﬂ- 8r susgeI}smn has

Mol ecul ar sieves have various che physi
freamagest beforedhomiag tIErqataiystﬁ)rmMaheanllmy $t ie peferhad/hat the

AR B BlioR ok B Sesb el SprmaBE SpeAnnlFonlgr ks catalyst

I% eOf the 1TJPAC Commi ssion on Zeolite
mencl ature. A ftamework-type describes the 5
connectivity, topology, of the tetrahedrally

coordi nated ato uting the framework, and

maki ng an g[ﬁ %nl{g’fr?cg %‘?‘fl@ﬁ’%t é’aPlfaaEme&%rﬁ?lggorfsewﬂon
td?@ﬁ@)ension contains from 1% to 80%, preferably from 2% to 75%, more
preferably from 4 to 35 wt % of the inorganic oxide precursor, regardless of
whether the inorganic oxide solution or suspension has been aged or not before

combining with the other catalyst formulation ingredients.

Besides the inorganic oxide precursor, the catalyst formulation
slurry of the invention contains at least one molecular sieve and, optionally a

matrix material or other formulating agents.

The molecular sieve that can be used in the catalyst formuylation
process of the present invention vary within wide ranges of composition and

structural features.
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materi als. Framework-type zeolite and zeolite-type
nmol ecul ar sieves for which a structure has been

w@gioabsi7ehed, are assigned a three letter codeP@nUSHN€026547

described in the Atlas of Zeolite Franmework Types,

5th edition, Elsevier, Londd%, England 10 (200 1),
which is herein fully |ncorporated by reference.

Mol ecul ar sieve materials have 3- dinensional f ramewor k
structure

h T04 t et.
. tet r ah QISP O3 BTALEE LTI gy goavaR
%h@ﬁé@t%nﬁ(c% MyRCGRE Elb!ve@@ﬁ% bR 1dsHi b by &Strhéiresi z€ of
the ring that 15 defines a pore, where the size is

Kaedission of therlntehmtiond] ZEoktedrmsodiatiarhascordigg taGhheules of the

f rk-type characteristics include the arr

SR Gty o Sempinclsie. vh GHBY SEEAPe ERGIDeS the
%ﬁﬁ&ﬁb@ tsgo1@§3a8ﬂ@1ka$etraae&aﬁlﬁ SoctRRGRE aaﬁhw@@rﬁumﬁl the
cages ee van Bekkum et al., Introduction to Zeol ite

Singaveek,zand nﬁeﬂmg ancabstracBen o the@pagifie peiperiResvios tusand

e Ed|t| Vol yne 1 ges 1- 7 20. El sevi er.
SR ee. Frameorape drln o R BT i O B BjoveR i wiich a
%%Et'ure Hﬁ'é‘%éif'és@al%%l'l Al 98 RIEE DRI R, c%ﬁ@‘éﬁ& afd@Eeribed in

froma 4- ring to a 12-ring or greater franmework-type.
Ithe dtlpy @i Zeplied rembwditriBpes, Stlh@htuzre &ljevier, hohdoouEagland

Si s have 8-,. or 12- n ructures or |arger
éh@gﬁnwg‘%ahm%{ﬁ%‘gb' %Org?r%ed qé(ngirs?éenrc%nge of from about
A to 15 A In the nost preferred enbodinent, the

nol ecul ar sieves of the invention, preferably
silicoal uniMmﬂopﬂmsqﬁvamtmﬂlssh,aMeér dignepsienahfimmeBerkrstugiire

and an era or th b

e BPmahring 40 RS helisr Ve iy S A ethe gty Sodsdinatgg tion.

pflﬁ@@ﬁl@i%ﬂlalf SO 3R tXﬁc@l@Q&’ésc A t4RR JFRAL siRE 8F 8l3Rlohhat
from 3.5A to about 2A." 30 WD 2005/ 039761

REThSSLR04,/WAIRBS e siz8 idvbased uh dre rinshee of Tpetoms autherring.

zeolitic and zeolitic-t ul ar sieves,

;ﬁtg‘%‘{‘%?“{/o Eé %Wf?ﬁieé‘é Sd‘?‘ﬂoﬁll Wl&gea?e% r?é rings that form a
gé %ﬁ@Whlén bmmﬁrthgafn@elﬁgm%harﬁﬁaﬁr hOhET ?Q(les between the

tefrahedral "units, nore preferably, two of nore

[chéM]See BfﬂdBdlikurmwdﬁlq tnfr&dtiot et FadiedSalencnandsPraatice,

RS ol RS abhia i U Tl S
AR D

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
zeolitic 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 of the invention, preferably
silicoaluminophosphate molecular sieves have 8- rings and an average pore size
less than about 5A, preferably in the range of from 3A to about 5A, more
preferably from 3A to about 4.5A, and most preferably from 3.5A to about 4.2A.
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used include the small pore nol ecul ar sieves, AEl,
AFT, APC, ATN, ATT, ATV, 10 AWN BIK, CAS, CHA, CHI,

WORG5/0BDR EDI, ERI, GOO KFI, LEV, LOV, LTA, POADNS2004/026547

PAU, PH, RHO ROG THO, and substituted forns
thereof; the medium pore nmdP ecul ar sieves, AFO, AEL,
EUO HEU, FER, MEL, MFI, MIW MIT, TON, and
substituted forns thereof; and the Iarge pore

| d f.
e G T R T L AN
%éfera@h@av@%ol@uﬁr fhatdew oMESY o FrefMMY a;GQ og%re corner-

limtin exanpl es of the preferred nol ecul ar

§hm[,TCp&1tqtnah@drdrunyts froerequefenablyi Wg) armomsxyBi@nlafA104]

ST FALTE VLR LA Aand
MRheMETunidW TAM and TON. In one preferred

enbodi nent, the nol ecul ar sieve of the invention has
an 20 AEl topology or a CHA topol ogy, or a conbi nation

th f, t f bl Non-|imtj
exanpl e5_ oR N BUEAR B 0 g5 ISs AL IS AR Loleetlar
frraATERRL KnadB BEctherCRRARE Eﬁbﬂrdnﬁ%[@;]} Aanefh bRRHhat can be
optionally with [Si04] 5 tetrahedral units that can

isedimebide thet mllqmanyvbicufao sinvasaAEL AT, ARG sATNoATTTHATY,

AP SiF I B EACTdRABBE b el Bgvs o,
RateNoNop Ay, PBE, RAD, RFARPIONLH QuiRinitSd MbmdMRere6R thOr
Co), U. & Patent No. 4,440,871 (SAPO), European

Paddaurn ppmpholcaﬂameVEP AFQ, ABD, B0, HEELREBOMEEIMFEIMTFW

Ot o DdTipsiBted Pimsiinst mdikedye pbis mplecdly Sokis

‘El\@f- ZFAI?Sand“su@%t%& fornfs tKé%@fg PherhSIBRPSD) sietdd- 1i%clgdél-zi§1A
Pat ent No. 4, , 216 (ZnAPSO, EP-A-0O

MI(CEQ@EQ D@I‘P@TSUSPDDMEBZB'KAH MMWW SCDAPSG); 11m1t1ng
EP-A-0 1 97 AP where EL | , Ti
SFaBRps OEF%% Pr%ﬂ@%m ﬁsulaw%"f& P@&ttfué%%ﬁwfwon\t“_%% & 158

%§gg&1§§%ﬁt§@mg fée@tocl?ﬁ%oe(m*ﬁ nﬁl&i@%ﬁ'@ UN3! ﬁﬁgobHA
Pat ent No: 4, 5 (Li U.S. ~Pat ent .

EJHQEAU5EERC§ISD$G))A L[IBME&JMEI MﬁR MTHBM]Z\GW (I@éAIa@)l

FOR s RredeRpbeybofiment Brislpailigsie e of the Gigaon s
%ﬁﬁ%péll% & AHD topdlosy, P bERbRaARStheftof @ﬁosdt]p?eferably a
CHA topology.

Non-limiting examples of molecular sieves having a molecular
framework made of comer—éharing [AlO4] and [POy4], optionally with [SiO4],
tetrahedral units that can be used in the catalyst formulation processes of the
invention include those described in detail in numerous publications including for
example, U.S. Patent No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or Co),
U.S. Patent No. 4,440,871 (SAPO), European Patent Application EP-A-0 159 624
(ELAPSO where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S.
Patent No. 4,554,143 (FeAPO), U.S. Patents No. 4,822,478, 4,683,217, 4,744,885
(FeAPSO), EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0
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Wo 208P8%1 U S, Patent No. 4,913,888 (AsAPO),

5,434,326 and 5,478,787 (MJAPSO), U.S. Patent No.
4,554,143 (FeAPO), U.S. Patent No. 4,894,213
PCBUS2004/026547
Patents Nos. 4,686,092, 4,846,956 and 4, 793, 833
(MAPSO), U.S. Patents Nos. 200 5,345,011 and 6, 156, 931
(MAPO), U.S. Patent No. 4,737,353 (BeAPSO), U.S.
Patent No. 4,940,570 (BeAPO, U.S. Patents Nos.

PO gl B335 Va6 B iac et Bl 633, ooz M. i

aten 28p 5%
S o S ATt

2Rterg p. (@&93@0 (MS@)QJ& Phicatioct, 853 H ELIARQ), U, Patent

41%8‘;6%89%?0 d{f f@ffjs Ha% o Sgégo]zﬁ%g? %)OUS Patent No.

SR TG Sty SIS O

vMi;@h%& enhd ;851,106 (THAPQINDIE. Patcatsiosby, 7 SBeF10f 4,862,038,

ettt TSR LCYES ¥olan Mo sdna e Ml ars

NeaenY QU 4, 95811 Y PAKAKSSP D). P’é(fen@ ilro' 3 913’32 gg ﬁgeéﬁo} Yy

i ncorporated by referehce. The nore pr 1T1con,
al?amntﬁum ATRO192 ph 84MHTT uisd, 72308 3aMN ARS O, 1€ Su Patents Nos.

gkt an%%oﬂra;r?rrr@% R 9087 3o 1Ba kR0, s
qbz%ﬂtrwh@aolsab 3G g %Hﬁ%&s 2PY S22 RRY17 7 gnd

silicoal um nophosphat e (SAPO) mol ecll’ at” st eves’ an
880, SAUESAPSQ), &0S. PG Mosl 4SM0®SAD4,6511246 and dy60s,49The

kel TSP oo P h T S AP OIS, Pieaiie.

|4ﬁ73‘$”80 TRAPSTE Hp.- A IOL‘%I NG gyf’% H‘?Eﬂs ﬁrgﬁ{e%orﬁ oxide unit

Goup | A of thé Peri Tabl e nt's,
dQcal), aewehnt H.SrPemhtsMosGh o'a"nom,ﬁr 636,008 4P@n ;md; 4,793,984,

PR P ARITTG ATt R SO ity 65 EhTSS,
Ty o TLge BREYS B0, 308 S T et Wil nsymsmiey o

zgfectyrgpr Otfieumoldvolansiavgs aeds besaribed inW. iSuostalt HekdBosmoand
_ﬁz?]e lun&, an?r}é gndl ugr 0i{ttrlum of _the_Periodic

GG Eres ostgang Reindiold, dyeviEprk Neww Bosud9oRBwhich is
\ﬁ%relnM1§’mMrﬂiﬁateylb>llr<§er pd 1B of the Periodic Table of
El ements, or m xtures o any of these netal species.

In one preferred enbodi nent, the netal is selected

fromthe 5 Ao rf15|st|ng of Cp, Cr, Cu, Fe, G, Ge,
My, M, Ni,*DSAnorgpreigre ozra u@ﬁ}}lm and/or phosphorous

containing molecular sieves, and aluminum, phosphorous, and optionally silicon,
containing molecular sieves include aluminophosphate (ALPO) molecular sieves
and silicoaluminophosphate (SAPO) molecular sieves and metal substituted
ALPO and SAPO molecular sieves. The most preferred molecular sieves are
SAPO molecular sieves, and metal substituted SAPO molecular sieves. In an
embodiment, the metal is an alkali metal of Group IA of the Periodic Table of
Elements, an alkaline earth metal of Group IIA of the Periodic Table of Elements,
arare earth metal of Group IIIB, including the Lanthanides: lanthanum, cerium,

praseodymium, neodymium, samarium, europium, gadolinium, terbium,
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m xtures thereof. In another preferred enbodi nent,
these netal atons di scussed above are inserted into

wao b@soseasewor Kk of a nol ecul ar sieve through a PCT/US2004/026547

tetrahedral wunit, such as [Me02], and carry a net
charge depending on the val @ice state of the netal
substituent. For exanple, in one enbodi nent, when the
netal substituent 10 has a val ence state of +2, +3,

+4, +5, or +6, the net_ char et rahedral unit
Icgysprlgélf% ﬁlnggma iup, t hqlﬂm&%@ &WB&P ?{unit ;rpad scallildl{lm or

hRGHbhe PLEYHe TASle SPBfchidARa | tPanSRIBY

ggtents rr%ntl on%e;ilr agove%ﬂis r%pr esent n%ftabf/)?thﬁ%&bsswlg’ VB,
eVitd, MIER IVIIBL and B oftthe Reriodid Tabib pfl ERusentsasi mixtures of any of

02 wherein R represents at | east one
fgtﬁﬁlf%tttlﬁge% e OHEP@E oéﬁnwgfiaﬁn@tal t%%qc&%ct fgm the

I gz Of 0
Rz 4G m'@‘-“@ﬁhast’éé ‘%ﬂ?’siﬁ% M N T2 Bz pd
Onbmxres tﬁﬁreaﬁ dinransthepprefeered b otlincamnt, Ohetse nﬁateﬁ ,atoms aﬁ;ctyssed
and z represent the nole fr ct| P and M as

taépw%méatssrte 1teythe fragpryyosk (1)%911 flsve @&L@@taetfmah%ﬂwl

VI I’B and o 1% ﬁglﬁ‘# déé\’ys %t%%‘g Sg!%“glgg’é’ “%%Yaléﬂéf@state of the

Ehetresubstjtugrt e Fer aampld/in snsaheatimdnt, fvhemhe nest4lf sube@tuent
%{oup consi stin gof Co, O, Cu, Fe, &, G, My, . M, o
as aggleneg state 9 72,0, 7 +3.19T 4R, bRHERhFEESOL the tPEaedal wt is
Ao 6¥ab to 0.2, and x, y and z are 25 greater
t an or equal to 0.01. In another enbodinment, mis
greater than 0.1 to about 1, xis greater than 0 to
about 0. 25, is in the range of fromO0.4 tg 0.5, and

z isin tH@OP%%BO‘BWGPF%%IGOI%“IWWGS&S drsfribed in'many of
p[fl@f_]%‘ %Q s?ﬁ&%ﬁlgﬁé@ QBCR/S]]S réﬁes%n%dibg tl#eser{%; 8@:} f?ngélasf}n an
%ﬂﬂ]&susrtadsisy, the nol ecul ar sieves of this invention
are netall oal um nophosphat e that contain Si and Al,

at a Si/A atonic rati & MadtP 2005/ 039761 22

%@Téré%r?%%é @fﬁéé‘ﬁe f 6 %ﬁagﬁé?i%grag p,?ﬁrgt%ra% b & %%I&b' y

not great out efera
geplating hdeart mboiie nBmBer «ftrhdles O pennhele of QMLALIYFQ)OZ and m
reater than_about 0.15, and nost preferabl

aivalue fiogn0 t, b prefgraply (o). &g gost prggerably fr%m 010 0.3; x,
AL B RARORAE PO 2 B\ e
ne & enetal selected from one of Group 1A, ITA, IB, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's gf 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,
Zn 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 O to about 0.25, y is in the range of from 0.4 t0 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
0.01t0 0.2, y is from 0.4 to 0.5, and z is from 0.3 to 0.5.

Desirably, the molecular sieves of this invention are

metalloaluminophosphate that contain Si and Al, at a Si/Al atomic ratio of not
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5 preferably at |east about 0.01. Non-limting
exanpl es of SAPO and ALPO nol ecul ar sieves of the

WO posgnsd7en i ncl ude one or a comnbi nati on of SAPEEBS2004/026547

SAPO-8, SAPO-11, SAPO- 16, SAPO-17, SAPO- 18, SAPO- 20,
SAPO- 31, SAPO- 34, SAPO 35, %8 SAPO 36, SAPO- 37,

SAPO- 40, SAPO 41, SAPO- 42, SAPO- 44 (U.S. Patent No.

6, 162, 415) SAPG- 47, SAPO-56, ALPO-5, ALPO- 11,

ALPO. LP ALPO- 34, ALPO-36, ALPO- 37, ALPO- 46,
a%f&a e %ﬁ&%ﬁ)?mﬁﬁﬁm@k&ﬁ%{? fghaut 083y, gpasg prefqrgily not
B 0 0. TR Ero LB R DR 13, gd most
AL by noklgR@idr8hamnabolt PO Brbferdbilyethe metalicalpniebphciphyte

one, or, a.conbi natian of SAPO 18, SAPO-34, ALPO 34 and
APPEFUE sicyey crpipmy Sqéaﬁ M iEhatRiomin Tatie Ph#t lspstphaut 0.005, more

thefedly aiabd: sk oprief erably one or a conbination of
APO- 34y and ALPO 18, and netal containing nol ecul ar

si eves thereof. 20 In an enbodi nent, the nol ecul ar

sieve i s an._int. rowt h mat er.i al haV|n two or nore
di stinct phadS¥ mé N FXREPLS| I%‘%Q ?‘I{S]c%?asm%e?ﬂ%s%‘f?é of
Rk BREh@n mauax%nseﬁpeéh&h%n Jf@. 9@/3&54231 are
described in the U S. Patent |cati rlal 7

mmimowomecs%mms&eo zopsAa@da 1Psm>m3@ 3 ABBYS,
RS eSa P, 2 0 B e 0l B S aTEE et o,
%P&z&ll%) M@SSQS@SA 4 ]Pi) E%@P@%ﬁhpo 1821203

framewor k-t ype, ~an as a amewo
IzhLB(adﬂhALPéhiﬁ;dﬁxmw, ADRO#6| aciheial caiteivithgansigthlatsieves
a}fl one |nte phase of AEl and CHA
qﬁ%ﬁéﬁw oz dgete ﬁna Vlaysieves énclugegug o aff@imaétqnmf

SSAE‘(‘)MSa%R?OC VAP 3 DA RS 44 JA PBISR E@PH- 1PO:34,

mat eri al Matrix materials are typica

iaven epucprefprahe oad br € admbiygionad S PRES, %PDM MPO 34 and
24‘)18%6 gssnstl n i n.shielding heat fromthe WO

U8 o3shmetal eantainjag aepdscn e sigvestherspsy and sensppesiferplels one

i1@n

G DL 8 PR F e e
sievhs tsreof.ush strength and attrition resistance, and
to control the rate of conversion in a particular
process. 5 Non-limting exanples of matrix materials

i nclude ongy Qh HBLEinRnt, the molecular sieve is an intergrowth material
having two or more distinct phases of crystalline structures within one molecular
sieve composition. AEI/CHA intergrowths are described in the U.S. Patent
Application Serial No. 09/924,016 filed August 7, 2001 and PCT WO 98/15496
published April 16, 1998, both of which are herein fully incorporated by reference.
For example, SAPO-18, ALPO-18 and RUW-18 have an AEI framework-type,
and SAPO-34 has a CHA framework-type. In another embodiment, the molecular

sieve comprises at least one intergrown phase of AEI and CHA framework-types.

Optionally, the catalyst formulation slurry also contains one or
more matrix material(s). Matrix materials are typically effective in reducing

overall catalyst cost, act as thermal sinks assisting in shielding heat from the
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rare earth netals, non-active, netal oxides including
titania, zirconia, magnesia, thoria, beryllia,

w@e@sn976si | i ca or sols, and m xtures thereof, PEDDS2004/026547

exanpl e silica- magnesia, silica-zirconia,
silica-titania, silica-aluniZda and
silica-alumna-thoria. |In an enbodi nent, matrix
materials are natural clays such as those fromthe 10

fam.lies of .nrontnorillo e and kaolin
Y S A S M Nt A

Q%%ﬂoofsﬁ 1n§:f?sa§1ﬁé Hzltﬁyﬁlé Su rhf s PhshQlbibih tha ?@tlggo Ks

slurry, Iit" has a low fres ace area,

trogjstahes, aedi doptrdutbe taie bf eonpbmionlivt pagticulie pricess. A
preferred average particle size of the matrix
material, nost preferably kaolin, is fromabout 0.05

pmto abOUtNQn ﬁrﬂﬁhé"é){;afe}l s Pthd Hafe'rﬁlssihglﬁdé%ne d)? Aore of:

than 15 about 1 am)unt I norgani ¢ ox

p‘ammﬂbonetéwlmn - P, ersaﬂabx&k:s mahnh@mamapmcﬂm)a imagidita,
taI;&t formul atj on S|lf is from about 2% by wei ght
18013 DE A R, Silis ghsols, BP%W%S;} FefnioassunPIgsiisg-

Viﬁ!l@féﬁlat ﬁh@ﬁﬁ%m?ass’ﬁlg%tléﬁavﬁkgﬁglugﬁtﬁggr@;ﬁl&%pegﬁ%ﬁl L3R Ya.

from about 4% by wei ght to’ about
Ha@a@mhodtrmnt tmzttak nvabdripie are ﬁattli‘aé claposigans cha¥ ifide the

urs q(g_ﬁ x re o{ i norgani ¢ oxide), the
Zﬁﬂogﬂn aﬁéi(ﬁ(? B W&S@?reféqrabhémrwnﬁ gnaiesial is
|1da9Hh dKaNi’ﬁ‘hilé H&:ﬁ B 8 %mﬁﬁa@% lﬂ%lssgﬁﬁi 08&%{1’[ slurry, it

formul ati on agents that

dms alloy\stfreSlm surfdcaareamrﬂl itpacks to@eﬂhadéasﬂyl diartieylstelef or
3330 from Vul can Chemicals |nc.

S RGBHor4 Protgrreiieiaen aripiaie oLde meie THomyAemost referably
e%81P!i§ froﬁpé%\ﬁ g5 nglr tggabl)ﬁtqp@ﬁlg W Xf& d%tg%girt%clé QR %ﬁeﬁs (ihan

Anerica, Rockway, erse ages
mbbetcluumr si eve catal yst for mul ati on process, m Xing,
and preferably, vigorous mxing is needed to produce a
substantially WD 2005/ 039761 24 PCT/ US2004/ 026547

honpbgeneousryg a?ﬁ{olﬂlﬁfe%f 1{15]1'g%§18 ofIiR %%c'ﬁ?s%’ 8?/111%;1 erz[(%{‘e% [di%s' S

subj ected to high shear or a

smdrgamic emtde) m the cdalge forenlatimi shael 8 lfton Yodue RVt eweiShE &
d/or igglﬁstrlbutlon of catal yst formulation
a‘ﬂtr pEetprgblyHeom abapt gio l@owmhb@rabp@u B0 by

Sk bl r I Lin
i ud.lﬁgrﬂﬁ%ﬁ%%é%ﬁw?% AR g bt
[baseel. on the total weight of the inorganic oxide precursor (when expressed as

inorganic oxide), the molecular sieve and matrix material, excluding the liquid.

Non-limiting examples of other optional formulation agents that
can be present in the catalyst formulation slurry include surfactants, for example,
Calloway 3330 from Vulcan Chemicals Inc., Mongomery, AL, or other water
soluble polymers, for example, polyvinyl provilidone (PVP)-K90, from BASF
America, Rockway, New Jersey.

At all stages of the molecular sieve catalyst formulation process,

mixing, and preferably, vigorous mixing is needed to produce a substantially



VWil e the present invention is illustrated with
slurries of nolecular sieves in water, other |iquids

w@20503%61 i n partial or conplete replacenent OPCINEHSBNG/026547
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Non-limting exanples of suitable |iquids include one
or a conbination of water, 2 al cohol's, ketones,

al dehydes, and/or esters. The nost preferred liquid is
water. To ensure the quality of the catal yst

f ton slurry before.. form ng cat al yst rt.icles
oSN R mlsE  oEigbaieRl Thlorh Rl Sl e R e
aftdl a peges® bt fme kuffldRnbloWrbduca g ddsfed ﬂﬁﬁ? BiARE Yize and/or size
moni t ored using respectively, for exanple, 15 a Cole

PaisimbHtioHohestadyst foynulasion siuriyoeon@enents iroB7 Sorsuefisatié

' : t il able f M rics._|pst t
SRR BTt (v e R Turep Miblee S fllide
niuflfs| il hiiREs, @theltd. d content determi nation

avai l able from CEM Cor poration, Mathews, North
Carolina and any standard volune neasuring device

that can beyagcurately wei ghed. .20 L ng, duri.n he
catal yst f o‘?@glfea elpgﬁseéf’ lgggg%o_ndf llﬁﬁgﬁgﬁli @gﬁr@?ﬁqﬁéﬁ‘ﬂeﬁﬂm
r g6wek 15 whiter, Gl 1) §ids tat B3l ad B&&ﬁaﬁéﬁoﬁip?&e YcB¥ent of water.

rel atively high viscosit referably, before formng

t Nen-tmtiting exanppdestaf shidable fi/@éds:iaphxkiy ote bog eruhlznation of water,

S a_ Vi sity of from1, 000 centipoi.se to
1045 ReReralulRRs ettt e pootsp s g en dem,
of from 1,200 centipoise to 9,500 centipoise (1.2-9.5

Pa-s), when neasured at a tenperature between 23 and
30 C, as nebsensatt the pwalitaofihe chialyet Brmuletiah/Eurry before

7 et ith a #3,spindl.e at r I n one

R RSP B e R8BS miongome
CAURBIB EfMthe sIuS aFDAQCHEREabIY £¥RitoleAALER Pésﬁec@%gﬂ/?for example,
precursor, matrix material’, and othefr ingredient, Is
preeele Patraeriph] metepddickingeriiod €remiSie?f 76 sudacfaraddithinnent S

f 2005/ 039761 .25 PCT/ US2004/ 026547 i t,
o Ch SR AR 1Sttt BB o NP AssaD i
tVIASE7 08N BicRiwdvB enu B g aMledbr filRMSntehN Gttt ion 29514018 ;

matrix materials, have opposite charges, negative an
posn GBEM Cogporatidn dfaghewsc Narth € addimgiand esy stéslaad yeimearal

rule, .after size eductiaon is cqnpleted, if
AR Ly ée,vuiehtbatl Cﬁgie §?Célﬁat$]é' We&hedadi ti on and i xi ng of
the 5 opposite charged particles. In one preferred
enbodi nent, it is best to add the

Aging during the catalyst formulation process of the present

invention results in catalyst formulation slurries having relatively high viscosity.
Preferably, before forming the catalyst particles, the catalyst formulation slurry has
a viscosity of from 1,000 centipoise to 10,000 centipoise (1.0 to 10 Pa-s), more
preferably of from 1,200 centipoise to 9,500 centipoise (1.2-9.5 Pa-s), when
measured at a temperature between 23 and 30 °C, as measured using a Brookfield

LV-DVE viscometer with a #3 spindle at 10 rpm.

In one embodiment, the sequence of adding each individual
component, the molecular sieve, inorganic oxide precursor, matrix material, and

other ingredient, is performed in a specific order. Sequence of addition is most



conmponent selected fromthe nol ecul ar sieve, the
bi nder or the matrix material, having a higher charge

wa@lensiosyreper unit nass to a component havi ng aPCDWE2004/026547
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charge density per unit mass. 10 Mol ecul ar Sieve

Catal yst Particles The catal3st forrmulation slurry is
formed into catal yst particles, wusing a formng unit.
In a preferred enbodi nent, the formng unit is a spray

T S )220
| lictlaf e, tehinddrabiat nfaflx mb@tihg nha%'%: H%g&r/stite %ﬁ%rsgfeQ rm

the resulting nolecular sieve catalys I'C ‘The
r begalive aeyl pesitatey ot difforepodiatgeatensitien A opereshlirile] Bitsr size

S RSSO Y Bl ShosRler s, men 2
t BsposkOcledbad phsticlEL rmh@bfe@%&ea! oirhéht [P e thMd the
| h"a drying gas wit e

spray drying volunme wit [ an aver ag
i eaneponeriyséactedifram thengolagnldmsiave, 1106 Girder @ABEmaaire néuterial,
cggpineﬂ. ou Ietd{e erature ranging from50C to about
SEES Y hiend S eh {PET PL MasS (oA comnenebiesing g lopiss
S¢Hange dhnkiBPpdranighsgat al yst conposition is from about
10 mto about 300 m preferably fromabout 20 pmto
about 250 m nore 25 preferably fromabout 30 mto
? %u 5 U nd ﬁt preferably fromabout 40 mto

IS drying, the slurry is passed
t hrough a nozzle distributing the slurry into small
droplets, resenbling an aerosol spray into a 30 drying
chanber . At Bl cagelyst orivsilagiohisbweyds fyrmded b egtalysep sitidles)y
t.hr.ou a.singl nozzl e or Itiple.nozzles with a
pre 3350 n&’rgo‘B‘qﬁ- e R@?’féﬁﬁ@l@%ﬁn&ﬁ%@@nﬁﬁ Wity a\gpray dryer.
2D 9908 To i ' B
R R S ey VS TG L
duost@d thet li'crliug@hmahs catglys fonnddteoncdurny bhd firer the zedudisng

along wth an atom zation fluid such as air, steam
FpRlScjaicys; cas Bfigles. o bhe eiling sadelyitcRmgoption svies

doaRed # thidGvds Qi psig (6.9
pfed i sy Iy 3RIRab tak IR orBiehib g 0 (5,9

slurry descri bed above is directed to

When a spray dryer is used as the forming unit, typically, the
catalyst formulation slurry is fed to the spray drying volume with a drying gas
with an average inlet temperature ranging from 100°C to 550°C, and a combined
outlet temperature ranging from 50°C to about 225°C. In an embodiment, the
average diameter of the spray dried formed catalyst composition is from about 10
pm to about 300 um, preferably from about 20 im to about 250 pJm, more

preferably from about 30 pm to about 150 um, and most preferably from about 40
pm to about 120 pum.

During spray drying, the slurry is passed through a nozzle
distributing the slurry into small droplets, resembling an aerosol spray into a
drying chamber. Atomization is achieved by forcing the slurry through a single

nozzle or multiple nozzles with a pressure drop in the range of from 100 psig to



the perineter of a spinning wheel that distributes the
slurry into small droplets, the size of whichis

w@ovsosd7bed by many factors including slurry vPGDUSI004026547
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surface tension, flow rate, essure, and tenperature

of the slurry, the shape and 10 di nension of the

nozzl e(s), or the spinning rate of the wheel. These
droplets are then dried in a co-current or

CoONOLRIg | i ' -
P O K 1o 0 RheL I DR St it P B povfed
stheongh eaingleysizzbonmpogiipliemozzlesnaiorg witk ah bioadtdtyomafluid such
nmol ecul ar ﬁieve catak%st conpositign in a

Sl SI5FBY e8ass O qRy otlisT efable gasywith ypressusesdrgp infthe range
N3 GF QRS R SToa8 1158 pSigk. extent Dby the

sol i ds t(g)or%tetentégf g?ﬁ?%ﬁﬁ%@@%\%@ier, control of the
size of the catalyst conposition and its spheri cal
characterig%ics are aI%o,controIIabIe by varying the

slurry feed®gFbBeier eabadigneap i gy desshbeg W?gﬁ digected to
2Qe &ﬂﬁﬁéteff@it ;Péiﬁlﬁmﬁé‘) whtQ rtl'fgé ﬁ%ﬁ%t@% Jﬁig %L%S' gﬁb %é?(lelnc%roplets, the

catal yst conpadsition 1s descri

Aqirs dfodticlois cBetrolidd Byoma)oféibik, idddding skReryJudcysity, suZ@6d
(sgna dryi ng usiQ% a réﬁgcled nol ecul ar si eve

! Sé‘ffyé]f’ B BT o AN tppicedueo! thidlwry thedbePpendt ed

bymeRTiSH 6MGE nogz'?!e(lsjt? of‘ﬁlgtspﬁ%ig%p@t%?gf R Wheel "EudsQ rcﬁl#}!él%ts &%

nol ecul ar si eve cat al yst osi tion contains
abeudridbintaeoatvoreht &3Mntpr-edresnalfloy dffairpasdinihrdGolYe ksray
g(gg?u%%%O% re preferabl X from about. 10%to about

¥ A0Eh agpesantially drise oy dried malegplausievermgalyst gpaposition,
AN g&qif t %QE& . t %
ggd%élghf&%lE?ﬁg@%%%g%%¥§%&'ieve ggegq%%n%%gg?g%gp?gnnl
wei ght of the nolecular sieve 3.0 catalyst
conposition, W éO&S/ 039761 27 PCT/ US2004/ 026547 Once
the nol eculGFegliyyibe size 8F (hemmicknsples is epntrallef dprremeientent

i ' S . r. harden
SR b Bt Y. HONERrn i) of B ML b (ARG
heatpositien tmditt sphieribal @baraatbiditioa titeilso @htraNabdd By alaBfing the
t '}8;61%%{ ure is usually perfornmed. A conventional

SHE P@He@ﬁ%ﬁ?dg‘?ﬂ?émonﬁ ef gipmizgtioRat typical |y

i ncludes a snmall anount of water vapor. Typical
calcination tenperatures are in the range from about

400C t o abdtherim&Bods, fopfoiigdmylectiianieve catalyst composition
is described in U.S. Patent Application Serial No. 09/617,714 filed July 17, 2000
(spray drying using a recycled molecular sieve catalyst composition), which is

herein incorporated by reference.

In another embodiment, the formulated molecular sieve catalyst
composition contains from about 1% to about 99%, preferably from about 10 % to
about 90%, more preferably from about 10% to about 80%, even more preferably
from about 20% to about 70%, and most preferably from about 20% to about 60%

by weight of the molecular sieve based on the total weight of the molecular sieve

catalyst composition.
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about 500C to about 800C, and nost preferably from
about 550C to about 700C, preferably in a cal cination

wepwsostaent such as air, nitrogen, helium f|PRET/USHE4/026547

(combusti on product lean in oxygen) or any

conbi nation thereof. In one 2D enbodi ment, cal ci nation
of the fornul ated nol ecul ar sieve catalyst conposition
is carried out in any nunber of well known devices

i ncl udi ng reta %lca CI ersV éyd bed cal ci ners,
bat ch ovens, epQIcqulg sicvegitalystomprsifipfds fagmed in a

t yipiseatidly di?l%@ BeledStatcOfd hillifer @GR Gn@br :ﬂ:ﬁfv@ﬁéq&@ Gorledt N€

nmol ecul ar’ si eve catal yst conposition a
t@%‘i@i@ﬁ*&@m@esmamgﬁs:af trcamnati@ud:h ds qrlaindtien, 4t emadderatedl O
es 15 to bout 2 hours. In

B D P e e bl
nbbegpically FicRMEs a SRLRhMSint &P m%? Iy };d}n @g%?@aé&ﬁ%on

using an Attrition Rate |ndex
viemphratiyses e thoaaegeyfoim elmmp é@ﬁ)‘t(] t«»rabamt 100G, pesferablyf from

1o g g@tl t§§b§1ﬂ%§098 ‘\9@2@@%9 Br:%gee Ly %rgﬁzt(ﬂraoﬁt ur C?jsqeabl&lslt
G CJprefetaly iPRER8inSn @vAGamdd %ach #HIIC Hfﬂrczgeneﬁeqiuﬂ‘t flue

fully 1 ncorporated by reference.
oR8S ¢pdnphustipn pfoduhtelearemtoxygn[),rw\anyl ecknblmatﬁdile tiexenfpliesne

oe%éb \ég%%’gt %(:‘;}lfléty Stcg%ﬁ)foge&egﬁ Ié%fg E%.Igﬁlﬁ)}gt cc%nstpésrlltlon 1s
Coaffasdu: i AnyHumted BFWeﬁ‘k%’wﬁrHE\ﬁEéél lﬁ'tflu&hﬁ Y&aé%a‘%lﬁ?r"s fluid

conposition has an ARl |ess than

th?drcalctneéﬁ brighoyenseasl thhtike. 2Caleingtion e ¢etypidadly dbpéifdent
gngreger§? y Ieaf thar 1 wei ght percent per hour
e Bt PPEFELIS Of the wojaqiar ge %é%l%fonwés@@ﬁ@n@éhe

h@tﬁberaﬂulﬂe ARG AbARN minkiRE (SR RE lI'{) ﬁBu@'ﬁr‘é?er&ﬁ%%% inutes

conposi tion or 30 fornul ated nol ecul ar si‘eve ca P

de iZhpers. has an ARl in the range of from 0.1

wei ght percent per hour to I ess than 5 wei ght percent

per hour, nore preferably WO 2005/ 039761

PCT/ US2004/ 10288 4hibe@ndeh? 'tﬂeai?t?llﬁbn Qecfst NEL %P L nﬁ)oqé&lgﬁt

hour to | ess than 3 weight percent per hour
setalyst abng/o Sftromtrrs a@amred)usi’ng/\m AtititigreR ate Mihd epefARIY) Lthezts@red in

| es ercent. per hour. 5 Process For
Ty o F%Pp@ﬂl%t@?daw%pu@omwmwam@ be
eaéefoy # s tal " f f

SRy s oD b 008 e N BREUR i) ol e
deampl, pages 38 it #10.al BB eehich id hegdih ﬁdl}etﬁlbcnﬁ)sl)atédb}sreference A

detailed description of the test is provided in the examples below, that illustrate

the present invention.

In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARI less than 5 weight
percent per hour, preferably less than 2 weight percent per hour, more preferably
less than 1 weight percent per hour and most preferably less than 0.5 weight
percent per hour. In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARI in the range of from

0.1 weight percent per hour to less than 5 weight percent per hour, more preferably
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Patent No. 6, 300,537) or higher nol ecul ar wei ght (MN
hydr ocarbons to | ower 10 MW hydrocar bons;

whyasosyracki ng, of for exanpl e heavy petr ol eunP@ntsmn4/026547

cyclic feedstock; isomerizggion, of for exanple
aromatics such as xylene; polynerization, of for
exanpl e one or nore olefin(s) to produce a pol yner
product; reform ng; hydrogenation; dehydrogenati on;

dRMe%bAE ,O.meﬁgﬁtrpe@éﬁf@r%ouf‘ﬁé%é%‘%ﬁd}p?%ighﬁ?érw15@( hour, and
straight chain paraffins; absorption, of for exanple

angey preferably drom lput dApcrighd efoont pee hawrpilesy tiomt? weighter s
therepf: .al kyl ation, of for exanple aromatic
ﬁ§ﬁ?8§%?68H§ such as benzene and al kyl benzene,
optionally with propylene to produce cunene or with

| ong chain olefins; transal kyl ation, of for exanple a
Ryobéss Aok dlsi aMotacilar Sievie Catalyst |Gdnapasitioatsi ¢

hydr ocar bons; deal kyl ati on; hydrodecycli zati on;

di sproportionation, of for exanple toluene to 20 make
benzene andriRah@ny @iosRiohd QERFib&PIHoIB ardfsefin a variety of
exanpl e strai ght "and "branched chain ol efin(s); and
Pedoedses ayadindingeiadnng, Pf éfrexamplepr opbths deedi tn dightddefin(s) (U.S.

RS T 0 A Do PR e
WISt hydrad Loy déeordditilol 6Hk SxarkRIB YAy ﬂé@oféﬁﬁ%}@ﬁﬁ Eyclic

to olefin(s); converting light paraffiins to olefins
derdistck giseomettizagion, cdifiet axemplerarometiasrsech e stlec;

OGS o5 o RUBb R oep AbTote SIEids) oL Gl pe
. ucP,rr@fo%fr@%%ﬁﬁ@ééﬁ&%r@ﬁeﬁﬂ?ogeﬁyﬁd?ﬁ HeWating DS xbple

irected to t he conver si on of a feedstock to on
diydresabons efrempyg straigh ickaih pgraffirsealisegdmnpatkfor enmnmlasTkyl

S, e B B R P B2
Rt 15RARSAIARs §uch L %eﬁz‘%n@%ﬁ*‘ﬁlkﬁ%eﬁ%n*é?({)})tﬁ)%&’l’ﬁ'ﬁv&dtﬁ uch

as froml to 20 carbon atons, for exanple from1 to
Poonyderisda petdupscunzand op awithileng erafinyolefimtibnsadkydatioay dthior

SRR Aaa T el arera ek S mR e
%E%lﬁyﬁﬁo?;éﬂyhbﬁdeé%ﬁ%haﬁl ﬁﬂ&ﬂﬁoﬁaﬁioﬁﬁ?&ﬁﬁék exdIBpP1E ?(ﬁgﬁ/&?lg 1o

and et hyl’ mercaptan, alkyl sulfides’ such as ne
sudkieibdazenalaky bamkyles; okgmrherazation ol foraaxamele salght and

%tral}l%flgd c‘?‘l*lfla‘i:Aq ol%ﬁng;; gr% Hglllydregclgfcelgz’atigril.et hyl ether and

N
ALAI'YS

Preferred processes include processes for converting naphtha to
highly aromatic mixtures; converting light olefin(s) to gasoline, distillates ancl
lubricants; converting oxygenates to olefin(s); converting light paraffins to ol efins
and/or aromatics; and converting unsaturated hydrocarbons (ethylene and/or

acetylene) to aldehydes for conversion into alcohols, acids and esters.

The most preferred process of the invention is a process directed to
the conversion of a feedstock to one or more olefin(s). Typically, the feedsto ck

contains one or more aliphatic-containing compounds such that the aliphatic



nmet hyl et hyl ether, al kyl halides such as net hyl
chloride and ethyl chloride, alkyl 10 ketones such as

waleowsosorbl ket one, formal dehydes, and vari ous aPCTHESHOQMR6547
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as acetic acid. In a preferred enbodi nent of the
process of the invention, tH feedstock contains one
or nore oxygenates, nore specifically, one or nore
organi ¢ 15 compound(s) containing at |east one oxygen

atom In the.nost preferre enbodi nent of the process
oS A O o R Geetbom TG hkidioge k ' 38 GHrbosy
MRb&s Fbof SRRIS FromP! & R GRboh Abi o Grigh!

t he gl i phat ié: rrg?lety ofﬁ%e g‘é\*@%ﬁ%k%@?ﬁﬁggﬁjpﬁh&fﬁt%gﬁm
2@owar bon atons, preferably from1 to 10 carbon atons,
and nost preferably from1l to 4 carbon atonms. The

al cohol s useful as feedstock in 20 the process of the

i nvention iREA-UEBHA s’ & r hed | €

al i phatic al cohol1 sgji%%d pt?hsedi?ﬂralg nasfgtrh%}lgg@gg SH8 Shtude
caeohtody quah bsmettianell andietliang], etksimpkrsptads soxly gemathes

OO Ry O DaHPEP el A SH EREHOR SCE KR el oy egmines
Zeuch A9RARYAMiRE, RAN efnefsTRLIHENY; EEEL Bitn Bongy e,

fRth o
di met hyl ketone, acetic acid, anaﬁjm xt’ureggt ereor .
| methiflethybstherp riif/halides srrhadinratint chibhée ielesdlfloblorids, alkyl

el ected.frop or re of t hanol ,. et hanol , )
3%%}65 WC%@?&Qﬁieﬁfwﬁ%wﬁ@hgﬁ&aﬁnéaﬁﬁ?%aacwéﬁuchs,@s acetic
thereof, nore preferably nethanol and di nmethyl ether,
and nost preferably nethanol. WO 2005/039761
PCT/ US2004/ 026547 30 The vari ous feedstocks discussed
above, particularly. a feedstock containing an
oxygenat e, ]i“n?r ‘?frﬁ"arigq Fl@{a?@meyt o thepigssss ok theamtationdgean
ARk cohfBins SAD YLD LARES I |
ol ef i n(isc)o. lIl'lﬁe ol e?ll ﬁf%@ggﬁ%écf at‘é&é %%%r%g?ﬁégﬁ? é@gg e
toppipoahd(y) drentenihg anie2st boe 8Qygeanbon &ithemostyrefeata@bl y 2

to .8 car boE 5 atons, nore, pr %f erably 2 to 6 carbon
AR Imetof fhegpeeshofipgrniiony th oxyecnatedp Hisrfsedsiack i one or

e : .
SR RIS Bl BT O B RBRYL BN T
wdesthol(s)ibras fiohel pr Acesbort ftains, e@eaddr @bty to @0 etibes diéms,
as .t he 8%&‘-; %I ef{ns (GIO process or. 10 _
AnE ITEPS ?‘33? PRe! it Rt 2teps o Tae plsehqlsmrafulss feselstock in
lthe bloksssRE BRERPentidf include lower straight and branched chain aliphatic

alcohols and their unsaturated counterparts.

Non-limiting examples of oxygenates include methanol, ethanol, n-
propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,

and mixtures thereof,

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

methanol.
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oxygenat ed feedstock, nost preferably a
nmet hanol - cont ai ni ng feedstock, is converted in the

w@e@smesoel of a nol ecul ar sieve catal yst conposPaT/U82004/026547

into one or nore olefin(s), preferably and

predom nantly, ethylene andB8r propyl ene. 15 Using the
catal yst conposition of the invention for the
conversion of a feedstock, preferably a feedstock

cont ai ni ng .qne or enat e t he unt
olefin(s) p E?d‘(?&’@&ggegg%é%%‘l%@ei Bhayes B@Tlgﬁ%ﬂ)b? edstock
o688 Q?Bxﬁeﬁgc@clﬁgre' particA e aGEedshRR cofkaitl alcohol is
percent,; typically greater than 60 weight p nt,

Sookertesl pronady erto vhanr ﬂlﬁre\/\l}ef’gﬁ!;) [t obafings) Epmﬂuced from the
ef er abl ater. than 75 ght ercen In 20 one
B tiohdm oAt ot ot et PaPlyh G s
REAHY Gt B f’e‘i@x‘éblgrh tB'?Secarﬂoﬂta%m hﬁ or \Agreﬁ?f{%lgﬁ% BRrbons
product produced is greater t ercen
smmhsasdQKEEMEﬁKMﬂﬁan%ﬂnmnwghdbppn@yhme for exanple

greater than 75 wei ght percent, and preferably
greater than 78 wei ght percent Typi cal ly, the anpount

et hyl ene praguced s Bo &fﬁ%nt A58 arﬂ@ul%ﬁ ?%1

wei ght of hydrocarbon 5 pro ct produce I'S g
ttheprogesswt ghgenemllyeeferred tocds ths geg;rteaﬂc&'rnst(ﬁa‘ D) Poocess or

e f oy exappl eat er than 40 wei ght
g@*@@ﬁifa%l the BﬁmapP{)W e ( peess- By isyareqess, an
fo ht

T AU e (P A S S S A

wengﬁmedpe ltlwqm:senswdfa aslegulendiere cataﬂba;ncﬁﬁpmughhto one or
perce f.or ater tha O wei ght percent,
ARere gk 'Flésrmbfref%raabgg edapin Wﬁa}h %?@449r MePYERt . WO
2005/ 039761 PCT/ US2004/ 026547 31 In addition to the

oxygenat e conponent, such as nethanol, the feedstock
may cont ai ASsigghe eatatyst @ngiokitien tof te, invéntioh f@rthe conversion

n [ 1y non-r t t he feedstock or nol ecul ar
2»? é&ée%é IR %ﬁefaggh‘b Sﬁt?%rfoamna& 8 grgnerg|oxyeenatss. the
I N f :
AT En BRIty SR e prcet s
arepder than i()rwglght par@anlt;aypwaﬂychéaﬂﬁ thared(owei gt exéeah€, such as
wat er sentigal |y non-reactjive paraffins (especiall

oalat ShancTIONOI5at Bru a8 PE Hable 2rcaiva thapy Bpasiet percentt
&S ERbba ﬂeﬁt QR@?rﬁglﬁﬁtngtﬁ @ﬁ@ﬁﬁf/#{ép @g&%ﬂ?&i&ceg IBgsed on the

m xtures théreo The  most pre uent’s ar
bwe1gh1cbfrhyt1racg1€mn pradubt padered iegrogenhnh 68 wesihk yerc ent,

ferred
sugh as greater t111an 70 weight percent, for example greater than 75 weight

percent, and preferably greater than 78 weight percent. Typically, the amount
ethylene produced in weight percent based on the total weight of hydrocarbon
product produced, is greater than 30 weight percent, such as greater than 35

weight percent, for example greater than 40 weight percent. In addition, the
amount of propylene produced in weight percent based on the total weight of
hydrocarbon product produced is greater than 20 weight percent, such as greater
than 25 weight percent, for example greater than 30 weight percent, and preferably
greater than 35 weight percent.
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The diluent, for exanple water, may be used either in
a liquid or a vapor form or a conbination thereof.

wab@sasd7eent may be either added directly to PEEUS2004/026547

feedstock entering a reactor or added directly to the
reactor, or added with the 3hol ecul ar sieve catal yst
conposition. 15 The present process can be conducted
over a wide range of tenperatures, such as in the
range of fr

0 0 00C to ,about 1000C,., for . ex le
from about B g%‘?’:g?lg%oa%% Bi‘ygg%t&mlinﬁgﬁ?gi SR p% Wh%@ﬂge
288¥stocR n?agQBhtainE 28e 6r meRIMBRhEH! Wiich emRANTE n8RP%ctiPe to
about 650C, typically fromabout 20 350C to about 600C

drifepdgtodkoarinagleguldrsinve sttolyst @B@Osition abd ate tHi0dly used to

Simlarl t he.present. process can .pe condyct over a
Trdise g shnoinifalh L8 relSORE T Ror At EodG bR
Qﬁ&&&é&i&ium-[ﬁ%oﬁ,ai_{i{r}égénh BarBéd trofbxiBE, aHoh R Sidd, kl)%ter, _

f eedst ock exclusive of any diluent therein enployed in
tehsenpalbceysrepgtiviepatadiing (gerpeially akbnés swnh aboethak, ttheRgand
to about 5 thP@a, sucrtl as fr?.m about kPaa.to about .1
WS s o AR PRSAOS SERP o B BB 00
h@@@nosf?ﬁf&@d%eﬂ@ biFd WatSPARiYEIACH It waliBYing paRicLRAY

as the total weight of feedstock excluding any

oréfemed.s per hour per wei ght of nolecular sieve 30 in
the catal yst conposition, typically ranges from about
1 hr-1 to about 5000 hr-1, such as fromabout 2 hr-1

to about 3069Q ditentlfor bRm é@ﬁ'ﬁ@r,em%sf B RB Qitherdn BiqhidlR a
WO 2005/ 039761 PCT/ US2004/ 026547 32 about 1500 hr- 1,

ampordorn.eniacenibynation theatndu tThe diliknt ntay beleither aldeDdingcetly to

. Lln.on nbodi ment, t 1SV i reater th 0. hr
e Toh e PR ag B bt SO LY TRt oo Wi he
hdTBIMM sicRk RISt onigdsfiidg. range of from about 20 hf1l
to about 300 hf 1. '5 Where the process is conducted

ina fluidized bed, the superficial gas velocity

S of t f eedst ock i ncl.udin i | uent and reacfion
o otnors wiiBRPrsoRnoress (U Condiciid SCERe Wik EPEa Ty |y

WerhPrBufes! diRR hs IORE tRIE 8F frommSabdlit @S0 Qodut TBE®T, fher
second (nfsec), such as greater than 0.5 nisec, such

gsagpledicen abdvaASA°Chtosboyt 00°C onclesdiagpitoe ghens0°C haho®
%é?@éﬁ:q%sfgl\{iggtllyeggrln%bgﬁt%%bgé tcE Hnacplt gS (W CS, ?y%’ica?l?%rom about

350°C to about 600°C and particularly from about 350°C to about 550°C.

Similarly, the present process can be conducted over a wide range
of pressures including autogenous pressure. Typically the partial pressure of the
feedstock exclusive of any diluent therein employed in the process is in the range
of from about 0.1 kPaa to about 5 MPaa, such as from about 5 kPaa to about 1
MPaa , and conveniently from about 20 kPaa to about 500 kPaa.

The weight hourly space velocity (WHSV), defined as the total
weight of feedstock excluding any diluents per hour per weight of molecular sieve
in the catalyst composition, typically ranges from about 1 hr! to about 5000 hr,
such as from about 2 hr'' to about 3000 hr™!, for example from about 5 hr to
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greater than 4 msec. See for exanple U S. Patent
Application Serial No. 09/708,753 filed Novenber 8,

WQR®S/039mi ch is herein incorporated by referene€l/UuI1ve4/026547

process of the invention is conveniently conducted as
a fixed 15 bed process, or dre typically as a
fluidized bed process (including a turbulent bed
process), such as a continuous fluidized bed process

and ticylarly con uous h veIocrt i di zed
b@&ugfi@@ s anﬁrf@ﬂﬁ%%’é/s@ ﬁb%rle%ﬁr fcaboph1 O\}Hrﬂr & gne
oém‘tfoﬂﬁrﬁe NARIe Wﬂ Q/tlg gﬁg@g hZQnd Weréjfeegﬁgékoc{ﬁta‘i&at
have a dehse e react’i on zones

f mstharidl ahdloz énindnleﬂ etheaas imothe zzmige of Grompibedt 2100gettbabout 300
cinculating fluidized bed reactors, riser reactors,
afd- the Iike. Suitable conventlonal reactor types are
described in for exanple U S. Patent No. 4,076, 796,
U. S. Patent No. 6,287,522 (dual riser), and

Fl ui di zat i oWhErghapecessds cdadutiudii a ﬂtmdlz@i bed\(BOSpeficial

Rober t eg 5 Publ j shing Conp New Yor k, New
Y& P(elf%?(g%%) %ﬁef%a%e@d%rprk weﬁém %tr«mwnd TeRSHPPBTodtets Wipin
rRE RILEHRF Systehl & @r %ft G ?' v%ﬁgl‘f b e Xz&‘?&( S a{ 1656'0.1 moter
reactors genera esc RISer “Reae

Rieu s@pndi(mtsac)amlzbhlfals \gi-ccktcPatiani OcH m/ﬁ;zsstuelﬁs glﬁ%ﬁthaﬂ& nb/Gec,

5 F.A. Zenz 30 and D.F. O hmp, Reinhold Publishing
d%ir PO Sli’?atef\éw%%éec £9B(SICRHY SrsatsT thapgh mafsec, ged typically

%égag%ttﬁﬁg%ﬁ%g: R A R L SN

S¥Y108 7 SBIcfileDBlbSEAL G B3 2000, exchidiiy héreir?idO6pormddttyakRrence.

riser reactor), which are all herein fully

I ncor porated by reference In one practica

enmbodi ment i di

bed process o:}ﬁ% (1)11(1:\%{1 ?/61?1@ I&‘? %ﬁggaédpl{rcgec% eagé1 Zﬁ%d

Uteid Iprazie sy oamb%typmally SSyzS fleidized bed g€ nchidirpy:suesl i Bed
a rec verﬁ@s ystem In such a process t he reactor

& A iCapinupus ﬂerdwé@e@ Prqcgisgandypatiqudabt gontinuous
V action zone within one or nore
Cftl (?} Bécig[%%cés

er a second reaction zone within
at Ieast one di sengagi ng vessel, typically conprising
one or nore_cyclones. In one enbodlnent t he one or

more riser LHeQERYest gaw)talssplacs i @ritgrgy g colalyse reagtoss such as
qgﬂ%@kél@ ré’\fhaﬁ#eﬂfea LR dr ?RE4 BLa 1"69&%0% Zonef :{n%%} fast

f éedstock, preterab y containing o

diydjesbticlsrcaaiphizona doyiplet tidgether, 01rcu1at1ng ﬂuldlzed 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 types are riser reactors generally described in
Riser Reactor, Fluidization and Fluid-Particle Systems, pages 48 to 59, F.A. Zenz
and D.F. Othmo, Reinhold Publishing Corporation, New York, 1960, and U.S.
Patent No. 6,166,282 (fast-fluidized bed reactor), and U.S. Patent Application
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one or nore diluent(s), is fed to the one or nore
riser reactor(s) into which a 15 nol ecul ar sieve

W@ 200840361 conposi ti on or coked versi on ther eof PEBUS2004/026547

i ntroduced. In one enbodinment, prior to being

i ntroduced to the riser readPor(s), the nolecul ar

si eve catal yst conposition or coked version thereof is
contacted with a liquid, preferably water or

SRR, ooy RE ShaRANER 4 ot ARl Sierariat iR srcalt
fiRedds Faskint GgoAgedthy defttinde. and/ or a vapor to the

reactor 'systemis in the range of fromO0.1 wei ght
percent to about 85 weight percent, such as from
about 1 weight percent to.about., 75 wei ght ercent,
more typic |0yegr%ﬁf§ﬁg\?}9d@%§itmmﬁgﬁﬁ g“.e‘fﬂld{%ﬁe‘g%%t 65
VRiigibtd P& 518Bdss %_5h@ﬁ%@cfﬁﬁﬂﬁiﬁﬁeﬁ%@@kn&_e@és%{l' e A& tor

f eedst ock ‘i ncl udi ng any diluent contal ned fﬁeﬁeln.
Fivsiein, g ugggnemtow system irdledstockssystyn.be t he sane
conposition, or may contain varying proportions of
the same or different feedstocks with the sanme or
different  ihiedbocdhehifb SaRhAGn LA id
reactor systemi _sbprgfereabl y C nverteg, pgjrlt Ingfl 3‘1%1%1
fhell Irgactarsystem havingta firstactotion zomewithinena ogameotiser reactor(s)
ef f.l uent that. enters.the 2005/ 039761 :

e PRSP 68 290 Y R GL EHGIH A PRESIIE WA YRICEl ¢ he
Colieismalaak b8 ot OFRAstHe.| Rlbne |eﬁlbbaﬁné?ﬁﬁf1ﬁ 548k more riser
enmbodi mént, cyclorne(s) are provided within the

deata(r gnd diseesagilg tesseb apapaihimet Mathicokiagleaedcadrystsel.

i e e
Ak BeHRe EXEnABE S RH % PESHE g{ £re lgsre?gég&%ré) ﬁ&g@{i{gﬁ a

wi t hin the di sengagi ng vess can a e use
sepeguarsiaviesatalitshtyspositionmp oskeddi versidn tharebfis inas@oud In
ef fl uent. her met hods fqQr separating the catalyst
EBhEBEP ST AT o PG Rsooirsd & e iset Fpsien oibeniioqnie
QfevBlabBRs cdRRitioRl P AYEed RBRSbn thBRok iskEntad@d WA Fquid,
enbodi mént, the disengagi ng vessel 1ncludes a
refepblyngatezamnecthanagd, andlok g ghs) far dxampie, poirteitqs efichtdse
di.sengagi ng vessel. In the stripping zone the coked

e8St conposition is contacted with a gas,
preferably one or a conbination of steam nethane,
car bon di oxi de, carbon nonoxi de, hydrogen, or

In an embodiment, the amount of fresh feedstock fed as a liquid

and/or a vapor to the reactor system is in the range of from 0.1 weight percent to
about 85 weight percent, such as from about 1 weight percent to about 75 weight
percent, more typically from about 5 weight percent to about 65 weight percent
based on the total weight of the feedstock including any diluent contained therein.
The liquid and vapor feedstocks may be the same composition, or may contain

varying proportions of the same or different feedstocks with the same or different

diluents.

The feedstock entering the reactor system is preferably converted,

partially or fully, in the first reactor zone into a géseous effluent that enters the
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an inert gas such as argon, preferably steam to
recover adsorbed hydrocarbons 15 fromthe coked

W@ 210800361 conposition that is then introduced POT/UR®04/026547

regeneration system The coked catal yst conposition
is withdrawn fromthe di sengdgi ng vessel and
introduced to the regeneration system The
regeneration system 20 conpri ses a regenerator where
t%g coked cat al yst conp05|t|on is contacted with a

sisariae vewcakeneuiih Blesrksdhtslys cgamonbio apriheireferred
el PRI AT il RIE L BlorRRe BN iR

eoo&n@baslyafcompbmabh €rofretfe gadeahis eﬂﬁlueiﬁdioﬁtamcg ditteoraitie

g nor e of & gen, 03, SO3, N20, NO N205,
a‘?l? n(g) Wlﬂaiﬂlﬂ&ft EFORPEIRE Npsselo ghlthayeh exglonss 2 mfeaféd gravity

L C

QAR ATA 1 g%{agvesﬁa EkIBe luﬁed%% et e ALRRY
cmnmbotsnmnfrom Ehetgh@:@&s cifinaiy, Othér Ibethﬁdsf@r sépaketing tHRratalgt
coked cat gl yst conposition, preferably to a |level |ess
t%&}?oeﬂ@n%w@? teagsere %Wtuelﬁd%lad‘b@etuﬁ"eof RIetss. opes, ghhpwssand
theigoked nol ecul ar sieve catalyst 30 conposition
enterlng t he regeneration system For exanple, the
regeneration tenperature may be in the range of from
about 200C to about 1500C, such as WD 2005/039761 35
PCT/ US2004/78285 870 Pﬁllwié&‘iﬁfils%’@@@ﬂg yesploneludeeotipries

a
L R T
ghe sskad&atalm’ydirﬂ:npcmtiohés canggedwith b@as, phfetabynp ot @

(103 kPaa) to about 500m£5|a (3448 kPaa), such as
fqomhl%@apf sigamsigthane gaopi dioxids, eashen meBeKige .hadl(om@r

B i O D QLR Rk, €534 R b ochons
afbe the3ddkps catalyR@onipBeitidn that libet inGOdmseiddo (il tdodsBRatdn
The residence tinme of the catalyst conposition in the
rs¥¢feMer at or maybe in the range of from about one
m nute to several hours, such as from about 10 one
mnute to 100 m nutes, and the vol une of oxygen in the

r egener ati Gji’hegyaBed’ﬁfayalysh €ompoditién fsanigrlrdin fro@thedigetgaging
nol e percent to about 5 npl e percent based on

tVﬁ:éseﬂ aadmtrgdycsdio the regracrghien system. The regeneration system

comprises a regenerator where the coked catalyst composition is contacted with a

regeneration medium, preferably a gas containing oxygen, under conventional

regeneration conditions of temperature, pressure and residence time.

Non-limiting examples of suitable regeneration media include one
or more of oxygen, O3, SO3, N;O, NO, NO,, N;Os, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide
and/or hydrogen. Suitable regeneration conditions are those capable of burning
coke from the coked catalyst composition, preferably to a level less than 0.5
weight percent based on the total weight of the coked molecular sieve catalyst
composition entering the regeneration system. For example, the regeneration

temperature may be in the range of from about 200°C to about 1500°C, such as

)
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The burning of coke in the regeneration step is an
exotherm c 15 reaction, and in an enbodi nent, the

W@ eospesEsure within the regenerati on system i SPCT/US2004/026547
controll ed by various techniques in the art including
feeding a cooled gas to t he 3 regener at or vessel,
operated either in a batch, continuous, or
sem -conti nuous node, or a conbination thereof. A

P A AU E 1OQEC S Rt HoghitiRe 4 E gnabants on
SysePEMARINdnPas&itRIrdh aBSutBOAUE T @ocatrak iéfgt%n&gt%%reeésﬁre

forma cool ed regenerated catal yst conpo I on.
caeabs/tthe sage of frpm abeuiehbpid (98 kPad)so abde 400 exia lizger
t .S ocated either. n r externa h
rlg%t‘é% 3‘?%1} Pon's )&}]%?ué% pﬂaﬁﬁ : ﬁ%ﬁaﬁ %%g’o%‘%g Osia Qt7 {Z% Elg%s’
riegledias Fdn0 fbowy s 182k RSB deiaT1 058 :
6, 290, 916 (contr Oﬁﬁ% Ko™ e). B priat10Tken. 4
fagnyniemlydr e pbew & Oppiar(@0 ekBan) én al@ht Ghpsia &idridna) ed
catal yst conposition withdrawn fromthe regeneration
system preferably fromthe catalyst cooler, is
conbi ned WTH r8siflérRe Bimd @1 (RS sl A st ShBY¥Ssitét B thS tecenerator
conposition and/ or re-circul ated nol ecul ar siev
dadyaraigithe wagpoesiremahouimieaninfiedol severk haurd/ soch fis &sia about
liquids,. and returned to.the riser 30 )
138 oy el 100 Rron BB ahbis hBfee ShondEruigdhreensmtion gas may
GRUREShn EOSITRSTh bhAU 0V 1t A P& eni|th AF3 it REnb RIEREHA A on
si)a/stem is returned to the riser reactor(s) directly,
phefosal aplunond thog®i 039761 PCT/ US2004/ 026547 36 after
passi ng through a catalyst cooler. A carrier, such as
an inert gas, feedstock vapor, steamor the like, may
be used, sefctafihs BEQIKE!N R rePBLAiBY S iYan &@thermic
facilitate the introduction of the regenerate
deactipy.smdde ap ewbediorent, the tempemtre withinglis te@pneration system is
pr.ef Ly t.o t one ar nore riger reactor(s). 5 B
BTl g e R tiesrn e bbRGe i mlass to the
GEYEROSIdriveskeD bperaRAlcffler iR AMRRMA RntRsab Yt ni-continuous
co 05|t|on'frpn1the regeneration systemto the
rng%t ora enyshinationtthercofdtA praferteitethnofue dokodveswithieawing the

PBL e Rl BRSBTS IR AT

WoeaNs EQhRBoleP R forAW Rbled rE@hal¥dtcat Jsflbn. The

described in M chael Louge, perlnentggP%%@%%lques,
Citelysal eoplanginBhgindhodrgerBad 8 hedhreaclmngévhatdanloandd either
internal or external to the regeneration system. Other methods for operating a
regeneration system are in disclosed U.S. Patent No. 6,290,916 (controlling

moisture), which is herein fully incorporated by reference. )

The regenerated catalyst composition withdrawn from the
regeneration system, preferably from the catalyst cooler, is combined with a fresh
molecular sieve catalyst composition and/or re-circulated molecular sieve catalyst
composition and/or feedstock and/or fresh gas or liquids, and returned to the riser
reactor(s). In one embodiment, the regenerated catalyst composition withdrawn

from the regeneration system is returned to the riser reactor(s) directly, preferably
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Know ton, eds., Blackie, 1997 (336-337), which is
herein incorporated by reference. 15 Coke |evels on

W b@sozt7el yst conposition are neasured by w tdr/ES2004026547

the catal yst conposition fromthe conversion process
and determning its car bon>€ont ent . Typi cal |evels of
coke on the nol ecul ar sieve catal yst conposition,
after regeneration, are in the range of from0.01

i ght . rcent to.abaut, 15, wei.ght percent c
PR iRR oS Py et PR sh BT S her B Bl
REpdTEREam bPthedkaMBhEbd hiRH) RBAWbnEdUNGiod BéntRRIESN ot O
about 5 wei ght percent, and conveniently from about

fachlitaksithghintnodveimtof itlee rgpengrated ceatdlysh coppesison to thagmedionn
t@; mei?pt ?f %He nol ecul ar sieve.SThe gaseous

EY P rd N ELoTAR IO G PR TS MSPHE P BN gagi ng system 25
and i s passed through a recovery system There are
many well known recovery systens, techniques and
sequences Bysongpling def é/ﬂw phthe eesenerated gaglyst compositiomedr

Rian el b Blsnutnarioy " Bl B AR 1 BF
SEUIIr BidANLO BFm_mnq@&el SNl tAOmoldcamkt kiehatdtalpst
and/or distillation towers, colums, splitters, or

compesition edeningihe ssastos ismsigtaineds Therecripabe regbpigues for

f.act US Patent No...b5 476,978 h
Ganr/ s e ey o el Bl BhrRBiac Ecrith MiRRed ke, g
ESpEImEBIUFRAhEs, Citetlatil@F RNz 0B eNGFH0A KR Hd 37
PCT/ US2004/ 026547 5, 675, 041), and ot her associ at ed

Eqoinvitionneds., Blackex AAPI S368817 b vdiidois deregeinsorphesdad by
e%fchan ers, refrigeration systens or chill trains,
COfSPessors, knock-out druns or pots, punps, and the
like. 5 Non-limting exanples of these towers,
colums, splitters or trains wused alone or in

conbi nat i ofokadé¢vgtieonchecasalystsomposition desrmasdsanei byr |

TuHER e e S Pospim o ool oF et fha
liefeRhn@i 1tQcaSorPoonnd t T6i MR iV elsQMBbk AR mdlet@MG Rieve
tower, absorbers, adsorbers, nenbranes, ethylene (C2)

spialyst eompopitiopydfean sege@I ptiorp lajet indhe range blilfremd.qIoxyight
splitter Var.i,Qus recovery .syst.e sef.ul for
BBk P Ahept s TR oot i P yuR e iy igpeto about
309/ e¢ht ?Hﬁc@ﬁl? for¥&SmPRIFIn BRFht 02 Whight Jadefio MBut 5 weight
5, 960, 643 (secondary

percent, and conveniently from about 0.3 weight percent to about 2 weight percent

based on the weight of the molecular sieve.

The gaseous effluent is withdrawn from the disengaging system
and is passed through a recovery system. There are many well known recovery
systems, techniques and sequences that are useful in separating olefin(s) and
purifying olefin(s) from the gaseous effluent. Recovery systems generally
comprise one or more or a combination of 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.
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rich ethylene strean), U S. Patent Nos. 5,019, 143,
5,452,581 and 5,082,481 (nenbrane separations), U S.

WOP2108/089761 672, 197 (pressure dependent adsor benPGh/PS2004/026547

U S. Patent No. 6,069,288 (hydrogen renoval), U S
Patent No. 5,904,880 15 (re ered nethanol to

hydr ogen and carbon di oxide in one step), U S. Patent
No 5,927,063 (recovered nethanol to gas turbine

p a § ten . 6,121 504 (direct
PSP DR o Bt SRR g or exehanr® it pidpnsers hea
penchiuygend, esfliparation §Ruts o7 CRRT tHAiAE LbRPREER kno@NGutldrSns or
Pat ent No. 6, 293,998 (pressure sw ng adsorption),
wPRSHPUENS, andithelkei n ful I'y i ncorporated by reference.

20 Ot her recovery systens that include purification
systens, for exanple for the purification of

ol efin(s), Woelidasss xh@ehlédbrithdsk I&/&@,Z&lumﬁpgﬁ’fﬁﬂe&%q}aﬁls
of Chem cal Technol ogy, 4th Edition, Volune 9, John
Virsed yloge osreombingpn ipelydes oy 120t ofindeBetha®os:, profiratiy a

[ ' ' d 25. reference.. Purification
gl BB RN B MR 5 oS airs: & v Opit ohan
Neferre 1@ #sla diiti¢ Pt foweRbh@8r Qfendh Bhivitk SfkarbBY ARGBERON
stream, U. S Patent No. 6,293,999 (separating

pREBYTaBe Sty lone (RIS, prapilete & 3)Ralitier andbotene 4€4)asplitter.

. i ber 20,
(i R8PSy 3 b OB R oGS, SRUER e
i propylaes aided byene ofedeaaBed B M AOANO3DE0 143 %sec%r\lldearr%/

PCT/ US2004/ 026547 General | y acconpanyi ng nost rec
cdhpdenesstiepra), 348 dRasentd¥ps. 5,04 Ht5,452, 581 aad 61080)481 1 on

I . t - c¢ts and/or
Jinefiiild SRR, Pt e Tbadnoiindnt dspracets)
ThS. PateiteNd. 6@69[288E(hycﬁ6g&1%ﬁ1§val?ﬁ§ s! pabit . %fdo.ﬁ,%go such
as ethylene and propylene, are typically purified 5
flgeoyerad methgeel to Aiispaemant satomudipxige pr owesesUSuBHeatNo.

[ ' rocesses. Therefore, in th st
PSR R BRI BRES TP S gk Bogryp apSianD-F istent No.
M TX1YS04Y(dir&t ptRRcByRAch)O! 3! BageneNBUE 1 51 56 K
For exanple,‘the_??ght)olefin(s) produ’cedcq)éhl’c,&fﬁ};Smins
pafhonE enpgriFaptipretion)ipad BF.SRatent Aoe 6,223,968 (jirbssotegiviag

[ i cati stem .t renpve ow | .evel s of
%ygdp f(l)cgﬂ,c gﬂ% ?!yecaéﬁl?eéwﬁglﬁx Jél.corpora%ec{ by reference.

Other recovery systems that include purification systems, for
example for the purification of olefin(s), are described in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &
Sons, 1996, pages 249-271 and 894-899, which is herein incorporated by
reference. Purification systems are also described in for example, U.S. Patent No.
6,271,428 (purification of a diolefin hydrocarbon stream), U.S. Patent No.
6,293,999 (separating propylene from propane), and U.S. Patent Application No.
09/689,363 filed October 20, 2000 (purge stream using hydrating catalyst), which

are herein incorporated by reference.
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10 Non-limting exanples of contam nants and
by- products include generally polar conpounds such as

wowi0s/0397al cohol s, carboxylic acids, ethers, CcBCDUS2004/026547

oxi des, sul fur conpounds sug% as hydrogen sul fi de,
carbonyl sulfides and nercaptans, anmmonia and ot her
ni trogen conpounds, arsine, phosphine and 15

chl orides. O her contam nants or by-products include

hydr ogen a E\_Qng%ﬂﬂ} 9&%5&%@%?%3%95}63&%%?%%%2? t%e%&d%{ion,

acetyl ene, propadi ene, I'ene an

Eyeratmiloy acdumudstivresttaddigionsiepreducts) b paxiyeenal/es to

ol efig}ést)5 havi n,g} 2 or_3 carbon atons, a m nor anount
RO BIARTS SHrue Vb e prfared prime prodpely. Thewiefred pridg or

nt.. o +

P e e LA et Sy RO By b8 SRR Pt
fuabe Bsddrivatvd hanufAGuieg plotesey tebs pdiPmeri XidAPtRedses S
&gan 5 weight percent, and particularly less than 2

Frgiore: g Heanest praferseterabpdimenttod the regpsieghtysism, thegecovery

: | f t ces | udl

Aottt A0 peRfth bRARAMn 4l 06 BLBETE T Tplied,
prodhecdepagtivalnty in AMTOr @ocesaalcipaibes abegba p@ification system
ﬁénvertln the C4+ inpurities to useful products.

hemoes foMglessda rpb¥grascts 98 poniaaiRentSn systens are
described in U S. Patent No. 5,955,640 (converting a
four carbon product into butene-1), U S. Patent No.

4, 774, 375 Wosdiniting exansleboft@aRmind zﬁﬁrBSiﬂofbré@@cti Rcde
al kyl ate 30 gasoline), U S. Patent No. 6,049, 017
gacttlyipokar compeynds sueh 84 wien alcohals, caogiic adigss sthers,

7 £ nyl at i or
et e R e p—
IRETTANS2) AnQRGEMAM GBeralieddensomipbiindsasibing, pﬂogmiiﬂ@arﬁin d
&){d[ ogen maki ng carbonyl conpounds), U S. at ent No.

lepides > Oshersniaminaneordyrpipdictcinplude bydipgenang hyieecaons

Ponap agﬁ%@&g?%%@é %?n%égff Aiefle, by YRk ¥hg piice, COSYNS:
Aefinic Streans, Pet. & Coal, Vol. 37, No. 4 (1995)

(dinerizin% or 5 oligonerizing propyl ene, butyl ene and
pent yl ene) Tyrifallyhingoaveting pog dymprsrozygenafes dopising) baving

L A
@unéreYaidoh Aoy i8flsd (pBddurE@ dEd Smbihdbf CPPhRirBeafbotk RY! €
normally less than 20 weight percent, such as less than 10 weight percent, for
example less than 5 weight percent, and particularly less than 2 weight percent,
based on the total weight of the effluent gas withdrawn from the process,
excluding water. Typically, therefore the recovery system may include one or

more reaction systems for converting the Cy+ impurities to useful products.

Non-limiting examples of such reaction systems are described in
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
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wa@sgoognaaser than 95 wei ght percent,

10 carbon nunber olefin in an anount greater than 80
percent, such as greater than 90 weight percent, such

| east about 99 wei ght percent, based on the total

wei ght of the olefin. In ondpractical enbodinent, the
process of the invention forns 15 part of an

i ntegrated process for producing light olefin(s) from

d o] ) t ock, f bl
YRS SRS ot BPRotrs SRl EmEb St B
TLRANRo. 7582 957 Bhulflieh: ddlatllle pRIBRFSS S! PatBASN. 3184

gaseous feedsto preferably in Conbination with a
Walefin-hytirogamyecveery), sychGasynprlodialt, iPeocezofee Upgrading 8,064

AT AR R SN E I

Fbon” ;20 td
%1%)81%%&5@?&&%&&8,_ ty R dnd/FRAoneR AehidiY Rl G ey 1PNGRGRS

eraturesare 1 n'the range"of from about 700C to
aboupord200g refertncsyngas pressures are in the range of
fromabout 2 MPa to about 100 MPa. Synthesis gas
streans are produced from natural gas, petrol eum

l'iquids, angc £aERANROR QUT (G pEEdRLE by G orRSord8@brocesses
recycled plastic, nunicipal waste or any 25 other

alesraibied abertesare high pRritf mimadbblefis(shplvdscts thpasostinemngls
produced vi team reform of natura s. The Xt
Bodiot e SR Ge e s el i A erongh she: s Atwara o0
GASeht Hef@RATLAINRTRAL tiiJ} doi BRIRIQAL BEUSHER A1S about
typrcally & copper based catafyst, 30 to produce an
SYyagatperaeot basedionghestotad sweighd bf the olafirconbi nation with

water. In one enbodinent, the contacting step is
conducted at tenperature in the range of WO

2005/ 039761, %g@gi&@&’&%ﬁl@g&ﬁféﬁt, ﬂi@a Hrb O 6??1‘&?11\%%9 Fms

about 450C an pressure in the range o rom about 5
Magt oftan imbgrated podviafor fifvidacing Yigkindtfen(s)ofintmmiarhiydgpcarbon

stream or_crude nethanaol, typically 5 contains the
4Pedsios aﬁ?@&%?ix 3 gHEotraPIEnsar Sh s ok D ek

r . . ,
KA R R SR D G
qa¢fomblyoxicdmbarationivithagester sredmf toed syaghs profection ygeniat e

COmbaL oS8 Lo e ude, MeLha0l e B! L8

AP AR FHORESESS ol DB RN a0
congaitempgatsteseanin thorangx affpdbm,aboat 08P C it@hbdat 421€0°A aadd
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.

The next step in the process involves contacting the synthesis gas
stream generally with a heterogeneous catalyst, typically a copper based catalyst,
to produce an oxygenate containing stream, often in combination with water. In

one embodiment, the contacting step is conducted at temperature in the range of

for exanpl BCHIUS2004/026547



10

15

20

25

30

wo@p@s039760r e di | uent s,

AA net hanol. The oxygenate contai ning stream or
purified oxygenate containing stream optionally with

ina 15 process to producehgight ol efin(s), such as
et hyl ene and/ or propyl ene. nlimting exanpl es of
this integrated process are described in EP-B-0 933

345, which is herein fully incorporated by reference.
PR £50°006 %bfnkt'zisl@% Bh&9 pRlsfite Y @6 BfTe of h@fn about 5 MPa
optionally is 20 conbined with the I ntedrated

o elas $@dRescri bed above, the olefin(s) produced are
directed to, in one enbodi ment, one or nore

pol ymeri zation processes for producing various

pol yol ef i ngyig(x8Serdal cAXARL Strbins: or%ﬁ{dgﬁlietlﬁﬂie 't%ﬁédlgn
Serial No. 09/615,6376 filed July 13, 2000, Wi

lrenteing tlfewl1¢qhol pﬂ@duqzt@ndtvetiomthere:bﬁmenmm sucﬁ Bs ethers,

A RS e e R TR W
QI%if?dn@ alak iy Jxlikfé' ﬁfﬂfmtrg Snt Rt by, ’Pﬁ%@g?&% ¢chtdiningas

phase or a slurry phase pol ymerization one or re
eiredm ro@x)e ra¢thired,sh tiongrefsired whibotinient stplayded tigoogh a well

These pol zation roce ses .utilize
A b S S R R e e LT
¢OaBIRALd &&g@ﬁaté %tﬂﬁin%%%ﬁﬁ foP LRMEDIE, %Bﬁ‘ﬁﬂe?&él Grade A and

di scussed above. However, the preferred pol ynerization
dedt adeytsinel. WO 2005/ 039761 PCT/ US2004/ 026547 41 are the
Ziegler-Natta, Phillips-type, netall ocene,

net al | ocene-type and advanced pol ynerization

catal ysts, TaB r
enbodi ment mt ﬁéﬁeﬁ%ﬂg 5 r%gttaIedﬁ%%)B;argsiﬂbg gfnl'géri ?g}gg?ﬁﬁg containing

pirene sptiballypeitly o orznomg dnlments,rcarrmlnea bceluséd oy sfeedstodkiie a

prese ol rizat stem i
e Mg ORI A s L A
@ﬁlﬁéy% SJeehid itbs a@ﬁ?r&ressrﬁ?é Belifid 1&&(@ BIRYS Daen
nverting an , particularly nethandl,
wrdiichgis aemmi ety limorgmiraeé by adfedeyst conposition as
descri bed above. The preferred pol yneri zati on process
is a gas phase 10 polynerization process and at | east

one of the 119 fhep 1?&6%%?& Iﬁ{)@éék i o?flonallg

propyl ene, pre era pol yner’i zation catal yst
symbaetd i\)\&tha‘he;umfgnztb@ﬁrocesses described above, the 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.)

Polymerization processes include solution, gas phase, slurry phase
and a high pressure processes, or a combination thereof, / Particularly preferred is a
gas phase or a slurry phase polymerization of one or more olefin(s) at least one of
which is ethylene or propylene. These polymerization processes utilize a
polymerization catalyst that can include any one or a combination of the molecular

sieve catalysts discussed above. However, the preferred polymerization catalysts

can then be used as a fredEs1W0k026547
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net al | ocene catal yst system In this enbodi nent, the
supported netal |l ocene catalyst system conprises a

waapose7s1 a net al | ocene or mnetal |l ocene-type coP@DURZN04/026547

and an activator, preferably the activator is a

non- coor di nati ng ani on or al unoxane, or

conbi nation thereof, and nost preferably the activator
is alunoxane. The polynmers produced by the

B R PRSP AR BRb e G BB AP At ivancea
PIBiGh catd1ds, 404 dan@lds¥hR@dryet hyl ene, | ow density

Pk
pol'yet hyl ene, polypropyl ene and pol ypropyl ene
copol yners. The propyl ene based pol yners produced by

th | i zat | i ncl ude .at act i :
pol ypr opy! dha PraEae BT pERt e dresraled P sogmmaises &
RROERY RPYb SRR HZABGnB P RMLEAeriH (B H AR {n*é'sé?ﬁg oPh pj)lgﬁéﬁ%ation

copol yners. 25 MPLES 30 In order to provide
[setelyst systeteingt polytherdzatipn rdaetop taepyedicei ame onnioseipolymer

T e
%ﬁ%@?ﬁ%a@%ﬁéﬂﬁﬁb%ﬁ a BASR.CRIdRReE Eitb!@;é,‘tlt Snfosfon as

m xture used formul ati ng catal ysts w general ly

closaribed abwiea flibe prefompbpaymerizating pragessgs algas plese

limted to, water and in 005/.039761. 42

2 e Ef?_%‘?&‘i‘n‘? ﬁtgle%%%é'%ftﬁﬁs “HEUPLT EhEAYIggEN;
trRd e Cand! PrefefabGPIMBPB R Rhtl drtatalysH SRt RS subE@tted
anmount or proportion of these constituents as being on
anetgdlconaetalys sysgem. IChliscdnptandiroent; the sippestet ewetdllogerse
materjal, in the. presence of air at an el evated

Ceyit S SPLeaRiT L P SRPOTio? B AR comATloZF- B Fophupd
VR4 8h bétfrabRrefkallly He 22tiPAG TR b GoRlcoSrattatih® bni@R Sy O

nore hours).” On a ™cal cined basis" is defined, for the
phmpowes, cofcomhmation thentof, and exmist pireferaldy theeactimgonis or
fégﬁtion of each conponent remaining after it has

BEE A8 hemat i cal |y reduced to account for |osses in
wei ght expected to occur if the conponent had been
calcined. The termLO (Loss-On- Ignition) is used

her ei n i nt dihe pahyeabprpduiedivytthepdlyactizationlprécesss derciibed

cal ci.nati.o 10 on a."calcjned basis". Thus, 10 .gr.ans
ot Be Risrt Yoot Ao oy Rly g Gine i merg platomers, gk
density polyethylene, low density polyethylene, polypropylene and polypropylene

copolymers. The propylene based polymers produced by the polymerization
processes include atactic polypropylene, isotactic polypropylene, syndiotactic

polypropylene, and propylene random, block or impact copolymers.

EXAMPLES
In order to provide a better understanding of the present invention

including representative advantages thereof, the following examples are offered.

AMOUNTS AND PROPORTIONS ON A CALCINED BASIS

Constituents of a mixture used for formulating catalysts will

generally contain volatile components, including, but not limited to, water and, in
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woul d be described as "7.5 g on a cal cined basis" wth
an LA of 2.59 or 25 wt% METHODS. Attrition

woempmsance Test 15 The attriti on resi stance OPCHUS2004/026547

nol ecul ar sieve catal yst conposition is neasured

using an Attrition Rate Indéd (AR), neasured in

wei ght percent catalyst conposition attrited per

hour An apparat us such as described in S. A Weks and
& Gas Jo al es 38 tqQ 40,

fB% 7"‘36\% P%%eﬁugar ﬁ’@?f%uoﬁgﬁfﬂb‘i Ry ar’i%o]iI b‘g‘i 81 Bipchies te desreibe

Al ainBunfRAR DRG0 fBHEN: QGnﬁrttﬂtsoc{s el a?‘ﬁca?(%ued basi

conposition having a particles size ranging from a%out

Fleinationsvolyeslrating 4 2fiterfil or thaprésenca dfamaedleszttecel

t trit t | 23, 70Q /
Fliﬂlr?'%fa 3 naﬁgﬁegﬁg @be' e ; a@hC%t%gdeoTa@ﬁ cantaRt{fpr
bixbRb RS at 68 01tuFS: Shi ¥r hBR: ho%st) r %ear"cal-gg{%d‘ﬂ%&s'n std'éﬁlge%n for the

passes through the attrition cup,
aupases ofthe ppaerd imsntion, os tie aanqnmt ouﬁacfndnexf ehdti ddﬁi}ﬁnent

The flow ermv ner' particles,
BRI iar DR ERbRBE GOy hgTiced & reauitfot Risct Apreisht
ThBeRQT Rl #&e cobfpolBlt$ad % BliGSed Ml kg L?‘?tlﬁds&ﬂn—
particles fromthe nitrogen that exits throu e
tIEmlttbn)els u§’¢tbheﬁr¢1n entpeharigebldy withrthé fraﬂg)ﬂahlobshéuriﬂ'gi dafelreation,
repr,es osition that has broken

E) al yft co

OGRS ar st T barampié a APIpORREh coltegA%t Hejatiles

t it 4 it 0

%ﬁ'ﬁ‘e‘@‘%‘?ﬂ%‘i&?ﬁ e 6 Pl BB B G OFbe 2.5D8HES vk

the unit. Anewthinble is then installed. The

gﬁtal st left in the attrition unit is attrited for
tional 3 hours, under the sane gas WO

ZQ%{OQQQJS%PQZTIGQSZOOM 026547 43 flow and noi sture

| evels. The fines collected in the thinble are

r ecover ed. Theedttritioh resistanoa obHd nivilavelae siat yailysiabinp6diBsn is

arated by the thinble after the first hour are
%%alﬁs Ustpg an Atsition Rafe T@fi%?hLA%E mP%@re&ameeghwer@Wca@lyst
n t
2R bl 38 poR iy Apparith Suofeds R S, ek ana
an mmmm,ght()lb&r@asribumar phgas38(twid0, P48TY WhicAR héréin fully
resenég g t he A%nul a. ARl = C %B+C)/D,
051“? Y ff@%f% s magasupd py adding ROSSH calabyst yst
€ r£4h
EOMPORILA BAibEs barttfls 6DE B WO S Il  Plbeh Rl
afitens tdehdrderst] steeliattritfonadupr iAppeskitaeat memo coarﬁﬁl d? | S
t he durat] of treatnent in hours after the first

B et forbRled tagpghehivatercontanme bakblerioabmidifiithgher

Aktkdgeh] Phe wet nitrogen passes through the attrition cup, and exits the attrition

apparatus through a porous fiber thimble. The flowing nitrogen removes the finer’
particles, with the larger particles being retained in the cup. The porous fiber
thimble separates the fine catalyst particles from the nitrogen that exits through the
thimble. The fine particles remaining in the thimble represent the catalyst
composition that has broken apart through attrition. The nitrogen flow passing
through the attrition cup is maintained for 1 hour. The fines collected in the
thimble are removed from the unit. A new thimble is then installed. The catalyst

left in the attrition unit is attrited for an additional 3 hours, under the same gas
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10 rate or a catalyst |less resistant to physical
breakdown. Viscosity Viscosity of the catal yst

wo e0osBeEsi on sl urries was neasured using a BrPORDUE®DH026547

LV vi sconmeter from Br ookf| 4 Engi neeri ng Laboratories
Inc., 15 M ddl eboro, MNA g a #3 spindle at a
variety of shear rate, rangl ng, for exanple, from 10
RPM to 100 RPM Al'l measurements were carried at room
e C Wi
BEVRER BSe i BIRRE et hd BB Rl

a&&eu@lp@ﬁ fird $hta3 0 Partipkes éé}ﬁﬁ@@@&by uﬁltmniblésaﬁei i3 f&@dlo'ﬁr @re
Pa bef ore taking nmeasurenment of the slurry sanples.

cﬁhq BRHN HheEmaod Ang ariglendpadeddntthe pagingl agaunt of

n ,

é o B AT SRR 83 el B AR0R
WeighOpecddt Blet 500r). MR is ERBEDE the iriilapARH-
fre%gg%n?: gf 50618@1&3 I\/Hz and laﬁ@%sAl frgqjency gf 25

@ﬁ@@i/l)\mzﬂnmgd Ry 180%i WQPT@HQTP) iy waisht ofisatalyst efvepogition left
t%% ?J%?§ I?QI atfrg\a%_btg §c§ gsu he &E%c;lt élgto%ﬂﬁ%ﬁ ff%le %E@aMBamcles

ﬁﬂérQﬁ@ﬁﬁédh@IrQﬁ’ aft i) tradt@iest, afd B is hie@i‘&raﬁi@h%(f ule@tmemmg ht
30 inorganic polynmers that do not forma continuous

honre efigrahe fiest mr affirision mgaﬁne@h A Trigher ARE kacgps g highertigition

TR AL A Rl LA BR G ) YT S P

2005/ 039761 PCT/ U82004/ 026547 44 I n the preparation of
ACH, a w de spectrum of basic alum num polyneric
¥igopsitof di f f er ent properties exists, which undergo

sl ow and C%”stcbsqyyt othe ¢a Q@ g%ﬂﬁﬁat?onfs'_].lr%%% Rl aslﬁ?%dhll%ﬂlg a

of preparation

Bl ok ISV @scOmett froﬂ&@@kﬁa@ mgﬁle@lﬁtgemnofwoﬁmnc
structure and reactivity of these 5 species.

Mol delare Mitg sips egSupimdie ajlm\@néquf 826 e pRIvEiRg |for

er meatd on W use cha
A NS R e
RAPEFERIire CTISP A6 oRiSet & widsefirkt” d&[fbia&ﬁ‘l with calibration standards having
viscosity of 500 cps, 1000 cps, and 3000 cps (respectively 0.5, 1.0 and 3.0 Pa-

s)before taking measurement of the slurry samples. These calibration standards

were certified from Brookfield Engineering Laboratories Inc., Middleboro, MA.

Y AINMR

27 A1 NMR measurements were conducted using a Bruker DSX 500
NMR spectrometer, with a "H frequency of 500.13 MHz and an >’ Al frequency of
130.31 MHz, using a single 90° (*’Al) pulse and a recycle delay of 1 second.

Speciation of Aluminum Chlorohydrate (ACH) Measured by HPLC

Aluminum chlorohydrates (ACH) are stable, high molecular weight
inorganic polymers that do not form a continuous molecular weight distribution.
This lack of suitable molecular weight references and the polymer's multiple

charge makes their identification difficult.
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col um based on their size, with the | argest polyners
eluting nore quickly than the smallest polyners. HPLC

wa@p@by3dzel of ACH sol uti ons was conduct ed usi ngPEI/Vé1004/626547

15 HPLC (Waters Corporation,, MIford, MA) with a
Phenonnmenex Maxsil RP2 col u%n havi ng pore size of 60
Angstrom and particle size of 5 mcrons from
Phenonnenex Corporation, Torrance, CA. The anal ysis
condi ti ons re. I rat: EUL 6 id
as nobile %ha%g’r?{“&‘ glmfll(%g&v@gta?%? E%ecgﬂ"%]rﬁﬂr\ﬁaag%f I&@fﬁng
polielkriaedlts\e diffigtent prbderticdeked ohidhamdegbatiw anl coa@inting
chromatogram RI_ detector signal in volts as a .
ehanges arp Bnctigneefanetherhoknrararatipng iamnssatres dgegRil. Prmpum
FJ ch%&?c?e' kb %A ﬁfes@&cfoo‘%e%%r%e% t?l% g réictig%gf ¥ede
or nulati on using a conmrercla sol ut'1 on.

Epriel e 1. 1. A nol ecul ar sieve slurry containing 45

W % solid was prepared according to this procedure:
(A) 991.56 g of SA-PO 34 nol ecul ar sieve (wet filter

ke, LO: 9 . iL.onij
vater and FERSICRbOHBLSRRE Bt pia Rt hrd cc Rl
ahr¥aiatigeapbylislused -hhmokgedniness chalgesat o 30 Scientific

Anerica Inc., Orangeburg, New York), then m xed using
a Silverson L4RT-A high-shear m xer at 6000 rpm

(Silverson k .| nc 2

beT] Usz004 UGB S giine b Sl ARRE R B e
BdlabineBsddoorgiheR sixef witls theliigest pbBiinesd elunGmofe quickiattiang
a pHof 6.5 at 32C, (B) 608.94 g of a commerci al
theuymabigshrobmetdhydr at e  sol ution, (Reheis Chl or hydr ol
50 wt % solution, Lot. # 58204, having an alum numto
chloride atomc ratio of 2.0 and avail able from Rehei s
Inc., Berkeipey dnatels@ITATCH Newtide waycondsctatiaitl 4 Waters

slurry (A under agitation. The resulting mxture was
m&atesm@@nmwmf@rda MAnvvith @ Hhspergesiics MaxsgRE2

I nut .t hen .m ' S | i h ]
At R e e A SR

PBehcanite® CothoBatith, 26iinct @A 7Blile Afly8istonlEBnd wtfeafdone
kaolin cl ayaéEngel hard Corporation, Iselin, New

trenpseaiyren@ 91 Migiidc aeid enmobilephage ght Hpyyaate of 1 ml/min, and

using a refractive index (RI) detector for detection.

The chromatogram, RI detector signal in volts as a function of

retention time, provides a finger-print of speciation of an ACH solution.

)

Example 1 - Catalyst formulation using a commercial ACH solution.

Example 1.1.

A molecular sieve slurry containing 45 wt% solid was prepared
according to this procedure: (A) 991.56 g of SAPO-34 molecular sieve (wet filter
cake, LOIL: 45.54%) were added to 568.55 g of deionized water and mixed at 600-
800 rpm for 5-10 minutes using a Yamato Model 2100 homogenizer (Yamato
Scientific America Inc., Orangeburg, New York), then mixed using a Silverson

LART-A high-shear mixer at 6000 rpm (Silverson Machines, Inc., East
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10 in step (B) while m xing at 600 rpm The m xi ng
rate was increased progressively to 1000 RPM and

woradoanzg7eed for 10 mnutes resulting in a sl urP@I/osa00H0R6547

a pHof 3.9 at 30C, (D) 63.17 g of deionized water
were then added to the slurrd obtained at step (O
under agitation at 600 RPM then m xed using the

Si |l verson hi gh-shear mxer at 6000 RPM for 5 m nutes.

This regulted in a sgmoth slurry havipg a pH of 15 3.9
O] O\Bfol}ﬁ‘g%ﬁaﬂ}%m%%? BFIsi &1 &ﬁréfali_n@l%ﬁ‘éaf Pewsi syrry
,Oﬁav‘ﬂ@ IBH of’@%?dt §2°CS, 94 %gf g%ﬂlﬁegiﬁ'ﬂlﬂﬁi uﬁrbg}o%)h A!i%gte
is clay, hereinafter refterr to as urry T urryy
1so{wEd, (Rehnald@hpdrot§o ed% sodutivg, RolY #8204, Dlavihg agpr ay

dryer (Y. 0.. Scientific. Arerica, O angeburg, New
Rty g FEapy et it Qedioy Wble s ey g Mstsley

L Wil . _ S ving
s Vgt R Ry B i in Rh el
treIgbee atas max eBAGCD- 300 RAM aking Y qniss ﬁ?lmfegeldliiba far 5 minutes,
carrier gas (njtrogen) flow at 60% 0 u setting.
éﬁ?%g}%quismgoﬁb{&%sgn @éﬂe@he@&mxgwéﬂfop AREM €91 BivattesTRes/

' [ fal @, f [ ' .

o S SRR hL P ol 4L PG R R Bl Blain
tadaya@ngttheidtCaporneeni, Steinclet dsitsey) vEataddydsto tlhe glax¢ oBfained
ARl of _0.44% hr. aft cal cination. 25 Exanple 1.2. A
o8 SR 8?%%%%‘1?1% a&&fol@eb Ty migweraisivas focieased Biogisatitely
384805 RL s Rp RO 1 AR ARAZKAN ) IR Ehiof

the as3AC; (D) @8. bk ef dgjoribel waptiwtreahenmided td M8y btdned
gh-shear m xi ng at 6000

eﬁ\éa etg rééf {}fg&g gg#f{‘fg% lac"é&é%?m%hw% psing the; Jilyewsen hiphishear
JHES 4 SSOLRARE SRR Bhis SR A et sy b phor
(37% 6t I Cnesntaiping yh St Vesblids (argeatciahmdsis), B which, 80%:ay
A o B ot s i A Th o ey ety Boe gt t a5 Slcmme
FnR) L8748 RO Sl OV ELABDL D1 Bra i Pramap

Bcichhiéic dahaicpsOrangebubg, NewnYotle dThespraly &bt dpet2®l in a down

resistanpce, test. Catalyst 2 gave an ARl of 0.67% hr.
EREPAPQfieusHg an atomization nozzle of 1 mm. The spray drying conditions

were: feed rate: 40 g/min; inlet temperature: 350°C; atomization pressure: 1bar;

3 ¢

carrier gas (nitrogen) flow at 60% of full setting. Spray dry products were
collected in a cyclone. They were calcined in a muffle furnace at 650°C in air for 2
hours to yield Catalyst 1. The catalyst was submitted to an attrition resistance test.

Catalyst 1 gave an ARI of 0.44%/hr after calcination.

Example 1.2.

A portion of Slurry 1 (1500 g) was kept in a water bath at 40°C for
16 hours while under constant mixing at 250-350 RPM. After this treatment, water
was added to the slurry to make up the amount of water lost due to evaporation
followed by a high-shear mixing at 6000 RPM (Silverson high-shear mixer) for 5
minutes. This slurry will be hereinafter referred to as Slurry 2.
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A portion of the Slurry 2 (750 g) was left at room
tenperature for three days without m xing. This

A portion of Slurry 3 (750 g) was spray dried using a
Yamat o DL- 41 spray dryer ( to Scientific Anerica,
Orangebur g, New York)under the sane conditions as in
Exanple 1.1. The spray dried products were calcined in
a nuffle fyrnace 650C i ir for hours t ield
Catal yst 3. ML I 20D s i e WeBe ary dmto Br-
at1 sprhy Ofef @SnfARGIBnt RS Amefiad, DriSdcbPod AYE P
1.3éaﬁh?? Table 1 sumari zes théjé%%uﬁgs of th@ﬁhmﬂ£e
a%ard qongdiiioneay wtBxaowle bdt The spagidriedipiodncts herecechedsing

S ried f Sl urri 1 a h ave

un g %?leg%ﬁnea g ({5@3} Ehit %rleilémﬁ é’dﬁlﬁa @?EYS% eﬂ‘ee%a&"rli’% Waf
t idnatidd foltanQRrities k&isties tdst a3V chitddn KRF St O67%/mk:

t hat has not undergone any aging or thermal treatnent

before spray drying, gives the catalyst which is nost
rg)?}glg@ to attrition. Thermal aging of the slurry
(Sfurty=2j gives a spray dried catalyst which is |ess

attrition rggbfifoanFehd @by 2Gas@bywhs ba aPrn?
sl ur r% agi ng%( Slurry 3) ﬁ?gdgzgesg)évesn fl??ltt herﬁgg)t@gﬁhi/rgtfor
1

athreeidayoyithous siisingn s afurerwidigredherainafientefer?&l t0@s Slurry 3.
2005/ 039761 47 PCT/ US2004/ 026547 Table 1 - Catal yst
formul ati on using a comrercial 50 wt % ACH sol uti on.

Sl ur r yAgi ngSpeawnrisagy R 750% ¥ & bisi )L
INonetatal ot o ik Sty 9 rcq";a)sf %?ﬁ%ﬁﬁ‘%ﬁ’%ﬁ?@%’&@%

FHusprgy @4@¢¥amtq}$cger¢iﬁca$msltic£ Oragebng, New Yhakmnder the

S‘?séﬁiﬂe?c!o%ﬁﬁpﬁs Calt gﬁ{%})&f Jgig]f gg gérg}r) dzlilgd I?rgdtﬁcrtse V?/Qre/_c\:glgined ma
muffle furnace at 650°C in air for 2 hours to yield Catalyst 3. The catalyst was
submitted to an attrition resistance test. Catalyst 3 gave an ARI of 1.36%/hr.

Table 1 summarizes the results of the attrition resistance tests
obtained for the catalysts spray dried from Slurries 1, 2 and 3 that have undergone
different aging treatments. The results of the attrition resistance test show that
slurry 1, that has not undergone any aging or thermal treatment before spray
drying, gives the catalyst which is most resistant to attrition. Thermal aging of the
slurry (Slurry 2) gives a spray dried catalyst which is less attrition resistance than
Catalyst 1. Prolonged slurry aging (Shurry 3) reduces even further catalyst attrition

resistance after spray drying.

be hereinafter referred to as Sl uPCHUS2004G26547
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A slurry containing 45 w % solid was prepared
according to this procedure:

w206 nol ecul ar (wet filter cake,
to 1703. 84g of deioni
1500 RPM using a Yamato 400
Scientific America Inc.,

added

m nut

meagypRd AtatIG8 fokllafidh @intHH SUHMER

es,

6

(A) 2988.

ed water a
10 m xer

95b

LA :

93g of a

nd m xed at
(Yamat o

Orangeburg, New York) for
giving a slurry having a pH value of 6.2

45. SEOY/USEN€026547
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W%DACWO‘HMO%U
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al um
Hei gh
m Xi n
Sci en
m nut

Silver

m nut
31C.
in (B

in (A).

par ed by addi ng

3869,

039 of Rehe
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nSharghl or ohy

ts, New Jerqg
j at 1500 RA

dgine (Rehd
ey) to 859.
PM using a

i SpraynDried Bef
f deio

%??é{’)% 4000

Meﬁ%/ﬂﬁ
ni zed wat er
D m xer (Yarn

and
rat o

3951 owed [V S

-, oang
by a hi gh-s

YT,

hear

Ne
0, :
freat m=nt41u3| ng th

ork) fo

15
e

Shunryl® gh

bgs Thi s sol

[7s)

D).

b8lum)3 The

was corrbl

l|419n€3nkﬁﬁréh|

The resul

tlng rcrilggst

h@ac, rder |aCatfl9a® RPM
|H|nn a]
&Fﬁﬁﬂdﬁt&l So

he SAPO 34 s
re was mxe

ber 10

reasured at
4BPon preps
urry prepar

\r ed
ed

d at 1500 RA

PM

using a Yamato 4000D m xer (Yamato Scientific Anerica
New York) for 15 m nutes then m xed

I nc.

O angebur g,

usi ng the Silverson h| gh WO 2005/ 039761 48

@xaﬂlp?e;rreasured at SOC (D) 2302 3 g of USP U trafine
kaolin clay (Engel hard Corporati on,

5

10
*pH val

I selin, New

ue

Jersey) wereslapeentawingd wi% solid waeprapaed agcopdiype toridisr
at 250-400 RPM The resulting slurry
&h mixed at 1500 RPM usi ng a Yamato 4000D mi xer

(X0B889 3 B APOBATBE TR (WRE filterQaROIIIL S 54M WeXPAdikd

for 15 mnutes followed by a hi

i gh- shear
di@, il 7@3 $4peofSeiopiged oviateriand rmlmd atd%@@ Ri@d/usiog aenpdte d0@ED
ran%)ebl\ll\r%,sN evgf%ork) R tlg minutes,

1R

nt m xi ng

Sty b S B g R hed 8

giving a slurry having a pH value of 6.2 measured at 26°C;

869.03g of Reheis MicroDry aluminum chlorohydrate (Reheis Inc.,

m xi ng step

(B) an aluminum chlorhydrol solution was prepared by adding

Berkeley

Heights, New Jersey) to 859.12¢g of deionized water and mixing at 1500 RPM

using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New
York) for 15 minutes followed by a high-shear treatment using the Silverson high
shear mixer at 6000 RPM for 10 minutes. This solution had a pH of 3.3 measured
at 31°C.

(C) The aluminum chlorhydrol solution prepared in (B) was
combined with the SAPO-34 slurry prepared in (A). The resulting mixture was
mixed at 1500 RPM using a Yamato 4000D mixer (Yamato Scientific America

Inc., Orangeburg, New York) for 15 minutes then mixed using the Silverson high-
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(D). The slurry was then m xed at 1500 RPM for 15

m nutes using the Yamato m xer foll owed by high-shear
woreoosnsp7esi ng the Sil verson m xer at 6000 RPM POT/USI04/026547

m nutes. This final slurry, hereinafter referred to as

Slurry 4, had a pH of 3.8 138nreasured at 36C. This |ed

to 8000g of Slurry 4 containing 45w % solids (on

cal ci ned basis), of which, 40%is SAPO 34, 10.6%is

a ] %, s, cl a ortion of Sluryy.4 (8Q0
g%h%%@&s%?tg@oﬁiﬁl’i\éf‘afs%oﬁalﬁte%a e 5\&% Ve &P

(védeps 01 Deicedifrdd 4t30A0EN i ca, O angeburg, New Yor k) under
the 20 sane conditions as in Exanple 1.1. The spray

dried products were calcined in a muffle furnace at
catal yor we® 05REAER Guihie farih ot Bhneginardesporation

tiesiin, Neal Rt¥§) wéreQal& @MhAMNirrPbrdaRa %t A i
25 A porti onﬁnﬁ‘v gl urry 4 from E&egn‘pl e gn.j)lur%_%SO gg ﬁnmg%ng

keé gP 0140 RPMya T be resaliihg alurg 0@sftloen thbcet au it SOORPMersingder

S 1 Xi.n 250-350. RPM _After this treatnent,
L8 Moo il (RS dRtins e g Qb eRiuirg S L o8P
Wot €5 mih@sd folued By 8 | R PUEL i
%O%h_ ;nﬁear r?i Xi ﬁgg}ét 1 Ogé(})@%Fr’ﬁ/I&%ﬂl It{:/er sonﬁ%ﬁﬁgﬁr-sg renéxrer at

8RPM dor ¥ minmigses. This slurry will be hereinafter
referred to as 30 Slurry 5. WD 2005/ 039761 49
PCT/ US2004/ 026547 A portion of Slurry 5 (750 g) was

spray dri edENDeRaliRd .
Dl ant 11 o Dl K (o8 Eh70) SRR o o G PR a

B Tho AlgiTy ives sheagnixad ExHPOIRPM . foiT emsiprtesyusirg thel Y amato
%&gu&)gls V\ﬁge C?xlt gli ned.in a. fttil e furnace at__ 650C in
iRer B0 83 B piershesfimmiinbiting the SEersomh@ivies ab QO RRIA Lor
9 oshiantek! Bds fifald letn | t I

2 gave an ASRI1 %f mﬁsgg}fﬁiﬁ .R&Tlg%lﬁga%@gﬁ%m iig%&?gg of3’s
mecagined ab36°Ch dhistled iot§090Ag pESustyahwatdiniap ¢ Swolt saiidebn

Rl oS Abhi 8% & 4hodf | g it seit 8 Form iy

results of the attrition resistance test show that 10
Slurry 5, that has undergone aging and/or thernal
treat nent Kepatien opShyrydr (D0 g) wagspres dtidibusigd AV y@bhto DL-

ich i t resistant to attrition. Table 2 -
& ey B O bk St e iror Oicwafiremiter Soraimdentis
$hbtb®itions as in Example 1.1. The spray dried products were calcined in a
muffle furnace at 650°C in air for 2 hours to yield Catalyst 4. The catalyst was
submitted to an attrition resistance test. Catalyst 4 gave an ARI of 0.95%/hr.

Example 2.2.

A portion of Slurry 4 from Example 2.1 (1500 g) was kept in a
water bath at 40°C for 16 hours while under constant mixing at 250-350 RPM.
After this treatment, water was added to the slurry to make up the amount of water
lost due to evaporation followed by a high-shear mixing at 6000 RPM (Silverson

high-shear mixer) for 5 minutes. This slurry will be hereinafter referred to as

Slurry 5.
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Sl urryAgi ngVi scosity*Spray Dried ARl (% hr) catal yst
Slurry 4None4. 920 (23.4)Catal yst 40.95 Slurry 540C, 16

Whe@s/ 02661 (23) Cat al yst 50. 38 *Viscosity in Pa-BCT/US2004/026547

nmeasured at 10 RPM using a Brookfield LV visconeter,
#3 15 spindle. The neasurerfént tenperature in Cis

i ndi cat ed between brackets. Exanple 3 - Catal yst

formul ati on using fresh ZACH sol utions. Exanple 3.1.

A slurry coptai.nin 5 0 oli d was pr.epar.ed

accor di ng t% PRI mgggg)@gasfﬁﬁayggi H#ge 8 aato DL~
SARPraAdyE @atlas SdivRificf Ak, ORRebkr® Ne&%{o’}ﬂ)@ld%ﬁ@
added to 573 15%@(of dei oni zed wat ér and m xed ‘at
Rrmefconditignyisinthxemples]. n@heaspvmrm@d 24dCtrvere gelnmzcé nn a

(PR o S A R 2 G i S ARG i ol s
aub BRI tb&ﬁ‘a(tﬁtlbl’{ﬁfsﬁ%ce MBC ManBRt 2 bie an ARBLF0.38%/hr.

Longnmeadow, Massachusetts), giving a slurry having a
pH 25 value of 6.9; (B) a zirconium al um num

265, 39 of P SRies 165 sl aAf fdtonafryapibgests

Zibt A AR dd Tl rdyQfricd ardth SRl £30d3-tHaRERGIud
Ber kel ey Hei ht}?wgﬁlew Jersey) to 286.59g of dei oérlrfggleed

vdaff@rlenfaaf&yngﬁr@ahngntat lemsmv:awfum atgnttdmgesraamwe@ 30w that

5 t?latll%a(s) u\l’ll\g)%‘é%é) S Osgaéagl}ogpcw Ufr%a 1?_1/er(1)t oﬂfg-ﬁgrgy drying,

Zgﬁs@@likb cHTA19dt WHICHHI M dsE FsRtant W'Jﬁﬂfﬁbﬁx sol Ut' on prepared
in (B) was conbined with the SAPO- 34 slurry prepared

|n (A) while mixing at 700 RPMw th the Yamat o 2100

ean gz e_t‘étq 1¥§£ :ﬁzgg
U S i

&K1 utes. [TRbjelesulte st urr '- '
ofﬁ?ﬂG (D) % % 7 g of wgggs%i*traf %e ka%f}gn Wl}hy)e

(Engel hard (Cor poration] Iselin, I\IE'W&ﬂlBISBey) were

nry anar.od ndao
H r mV| no—at

%‘é‘?ﬁﬂ’}\ﬂu ;\/ilx ﬁlléeu:a;ymlo ﬁ%éméa@ C( rQa,taA'ﬁséé for ths

\

rghm,l};es, resmob @ hisn a6§59é%%tnaw |ggs-sﬁ of 0’532? (5

The Slurry mas en submtt a hear| 11 Xi ng

s t*&fisoosityrn Rarg n_&alsl_ycedl 81010 RPMYusifg a BroddRM BPMidcemeter, #3
m ngie. T mERLARIALEnWRERIre (P2C RAANicHRS badkkes biekdibe

Example 3 - Catalyst formulation using fresh ZACH solutions.

Example 3.1.

A slurry containing 45 wt% solid was prepared according to this
procedure: (A) 991.56g of a SAPO-34 molecular (wet filter cake, LOIL 45.54%)
were added to 573.15g of deionized water and mixed at 700 RPM for 10 minutes
using a Yamato 2100 homogenizer (Yamato Scientific America Inc., Orangeburg,
New York), then mixed using a Silverson high-shear mixer at 6000 rpm (Silverson
Machines, Inc., East Longmeadow, Massachusetts), giving a slurry having a pH
value of 6.9; (B) a zirconium aluminum tetrachlohydrex solution was prepared by
adding 285.39g of Reach AZP-908 Superultrafine activated zirconium aluminum
tertrachlorhydrex GL (Reheis Inc., Berkeley Heights, New Jersey) to 286.59g of
deionized water and mixing at 700 RPM using the Yamato 2100 mixer for 10
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slurry prepared at (E). The slurry was then m xed at
700 RPM for 10 m nutes wusing the Yamato m xer

wo edos08%561 by hi gh- shear m xi ng using the SilvePGDLS2004/026547

m xer at 6000 RPM for 4 m%tes This final slurry,

hereinafter referred to as Slurry 6, contained 45w %

solids (on a calcined basis), of which, 40%is

SAPO 34, 10.6% 15 is zirconia-alumna (4.3 wt % Zr02

@Fﬂht@s %gieﬁ %ﬁ%ﬁ%& a pATYE 349. é@{ophé Z6b @M umATRALOn _of
urry was spray dried using a Yamato DL- 41

&pachlodiygex s()Manmpmpaed en(B)fwas c,mﬂ)nmedamﬂ(jhariﬁg’&@ﬁ@ slurry

Rep U FEe gt Ba e pRUREP B e Cartp Lol amBeSiger.
ﬁcﬂ;é fBrih b i RGEe Rhs tﬁé@ﬁu&e@l Ridg the Sﬂ%r'&ﬁﬂl‘h?h—%ﬁea&‘ gk at

talyst™6. The catal yst was ~ submt 0 an
6000 RPMofor # esinstes Thés resdted ilCashiydtavidggapte valne o£3.6 D)

67 Lombise WRRRmE ket gt ehig rapostoidfidli: Shudetey
GRRS1AB] td ¥ gﬁgry?rept%ﬁzg F(E‘ﬁ urfdfet ﬁ'ﬁthg L7080 Wﬁ/ﬂkmg at 700

wat er was ad 0 ry to makKe up the anount of
R@Mewal cattinded fdrd 0 eviapies, aesubimgf iolal shweychdyyngsa pH of 3.6. (E)
hi gh- shear m xi g at. 6000 RPM (Sil.verson .hi ear
FhETy hee 15RO 10 YRR RSP AP A PR VL FiE SVRRPE e

et &at 660d lgPlelsfoﬂl Wihdte wéF)?lgerg‘mQQcI {2 9)5‘52%) Wak Mdded48 $he
spray dri using a Ya - spray dryer (Yamato
Soirgprephied a0GE). i The sluryamapathen gixeeat/ 780 RPMi fidtdi0 rhinates
same WO 2005/ 039761 PCT/ US2004/ 026547 51 con .I tions as
Pﬁn%r%"rnéatﬁ myixerfpllovigst byyhigh-sheir BHEHgUEDE RS %eé?oalﬂléar
(gREN ﬂ%cﬁhi@tﬁngﬁﬁﬁ:rr%r hoRdifiafleP betGrrltaR S
y|e ayst e cata was su mtted to a
adritsintd 5wt Boliiaoaea cakdted b@sﬂsh by which, ¢edses SAPORI4, $0.6%
0.43% hr. 5 ExamIti_e 3.3. A portian. of Iug was
SO 3 BN G AT Pheck e P i frcles
m xing. This slurry wll be hereinafter referred to as
Slurry 8. A portion of Slurry 8 was spray dried using

a Yamat o DA gdktispoeSiurrg 6 (A5Q/ gy wisYsepnat dricSaisanpta Yarmato DL-

Abserey P CBuTA SESaH SmErs. GRBSSpFEAN o) prda g8 s
gﬁﬁ% ac?lfsﬁllt?déﬁ?? elJIL g % hil eﬁ“hg sﬂﬁaﬁ%‘%d?hrcﬁéggvérg c8bined fa

siilffte fitreste at 65600 1atairrfbt 2 hours ﬁsmslda(ﬁatelykte’s fThe CathBybtyeds 8

ave an ARl of 0.20 w % hr.
gubmltted to an attrition remstanoe test. Catalyst 6 gave an ARI of 1.05%/hr.

Example 3.2.
A portion of Slurry 6 was kept in a water bath at 40°C for 16 hours

while under constant mixing at 250 RPM. After this treatment, water was added to
the slurry to make up the amount of water lost due to evaporation followed by a
high-shear mixing at 6000 RPM (Silverson high-shear mixer) for 5 minutes. This
slurry will be hereinafter referred to as Slurry 7.

A portion of Slurry 7 was spray dried using a Yamato DL-41 spray
dryer (Yamato Scientific America, Orangeburg, New York)under the same
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gto an attrition resistance test. Catalyst 8§ gave an ARI of 0.20 wt%/hr.

Table 3 summarizes the results of the attrition resistance tests
obtained for the catalysts spray dried from Slurries 6, 7 and 8 that have undergone
different aging treatments. The results of the attrition resistance test show that
Slurry 8, that has undergone thermal treatment and aging before spray drying,

gives the catalyst which is most resistant to attrition.

Table 3 - Catalyst formulation using a freshly made 50 wt% ZACH solution.

Slurry Aging Spray Dried ARI (%/hr)
catalyst
Slurry 6 None Catalyst 6 1.05
Slurry 7 40°C, 16 hrs | Catalyst 7 0.43
Slurry 8 40°C, 16 hrs | Catalyst 8 0.20
R.T., 3 days

The effect of aging is also illustrated by viscosity and density

measurements of Slurries 6, 7 and 8, as shown in Table 4.



For exanple, a slurry sanple giving a PBG of 12.382
has a density of 1.49 g/cc. 15 Viscosity was neasured
w@g00d0306i bed previously in this text, on a BrODKE1084/026547
vi sconeter using spindle No. 3. Table 4 - Viscosity
and density neasurements. SPé&rryDensityViscosity at
the follow ng shear rates: No.g/ccl00 60 30 20 10
Slurry 61.470. 3240. 4240. 6480. 7981. 080
(27.1)(27.1)(27.1)(27.1)(27.1) Slurry
71.511. 0681. 4162. 1522. 7664. 280
(24. 6) (24. Ddngdly Bpbafic g?a@%glﬁ)g/c% #ehsarement of catalyst
81.47n.a.n.a. 3.3924. 6267. 670
(foBnE i a:lEyie? #adyRBeB) (1288 3)PaRN * GasloosU Sy Stand&d-Weight
a ed at 10 RP i.ng a Broqkfi el V vi sc r,
TEPUliFRG R CHAES hin 93 eitie s e & 3.8 o fices Pai N
5 icHisRiCRmhRgY WREPIRMAGK Bledich, Plofida aDRdiY & A@lﬁh\@m %&!e

i nstrunment did not report any measurenent val ue.

10

15

20

2005/ 039761 PCT/ US2004/ 026547 53 The results in Table
ases the. viscosity .o

4 show t ha
catal yst f

RO PoeMAMEBSHANGHNGAHB YY) by hel
vi scosity produces cataly
resi st ance.

her al.umi

For Skarfigy i
OIS R Aoy Qk
pr ocedﬂl}lfe: %O 1?%;%(%64
(bwet fagtot, Odi202ak e,

of deionized water
m nutes using a Ya

AR B fRp 16 NCsTurr{ XANAE B o PBYY oYQ

m nutes using a Silverson high-s

um oxi Ige . prec
SEIRIP S _
[

Mt SRR S AR

A

LA :

UPEms ¢ thecqrint @

st w

h h

hest aftrition
5 Exanpl EBG-= @&t &l ystb/Gbr nul ati on usi ng

Wl haniino a1 T

ul ar si

H o erpmrted
BAdY 4 piclr bl the hi ghest
g

ry
e

45. 549 were added to 179. 2g

ARG Eth

700 RPM f or
Be&/°Y Yamat o Sci entific

%ggg hbd% BedBiey 081497/

10

Viscosity was measured as described previously in this text, on a

Brookfield viscometer using spindle No. 3.

Table 4 - Viscosity and density measurements.

Slurry

No.

Density

g/cc

100

Viscosity ~ at the following shear rates:

60

30

20

10

Sturry 6

1.47

0.324
(27.1)

0.424
27.1)

0.648
(27.1)

0.798
27.1)

1.080 |

27.1)

Shurry 7

1.51

1.068
(24.6)

1.416
(24.6)

2.152
(24.6)

2.766
(24.6)

4.230
(24.6)

Slurry 8

1.47

n.a.

(28.5)

n.a.

(28.5)

3.392
(28.5)

4.626
(28.5)

7.670
(28.5)

*Viscosity in Pa-s, measured at 10 RPM, using a Brookfield LV viscometer, #3
spindle. The measurement temperature in °C is indicated between brackets

n.a.: Not available - The instrument did not report any measurement value.
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15 m xer nodel 14RT-A at 6000 rpm (Silverson Machi nes,
I nc., East Longneadow, Massachusetts), giving a

W@ kwsnge7havi ng a pH value of 6.51 at 30C; (B) BCT/US2004/026547

col | oi dal al um num oxi de sols4ti on was prepared by
adding 127.2g of Nal co-1056 coll oidal al um na sol
containing 4% alumna and 25 % 20 silica (Nalco

Cheni cal Conpany, Naperville, Illinois) to 20g of a

10% pol yvi nyhe repiifsi@ Thisle Aesh6W ikt iapihg idreRds 81 Vidcafitydffthe
90K (BASF Anerica, Bud Lake, New Jersey) and m xing
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sh ng th Iver
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pH of 3.39 at 29C. 25 (C) The coll oidal al um num oxi de
soI utlon prepared in (B) was conbi ned with the

Z ' Fotheh g nupi axidat 700 RPM
forre ur15”0}ntut es vvrth the Yamato m xer The resul ti ng

n mxed using the Silverson high-shear

ME6@tpled. 1 60RBICRRNG 6 Sliumdnth Biide preciitos 'esul ted in a 30
slurry having a pH value of 4.47 at 30C. WD
2005/ 03976 1A POTYYSREOWDSEE WS selid (B prepared ageopdingBPthis
téegce?{lrrene kaolin clay (Engel hard Corporation, Iselin,

ersey) were added to the slurry prepared at (O
under m xing at 700 RPM M xing at 700 RPM was
continued for 10 mnutes and was followed wth
hi gh- shear (#)Xfdsg ofis SAGO-bremsidculer siove (Wegiltsheake, LOL:

Srurey Mg Pl BTz % of ¢Ro el yERL i ER 8 Th Bpfrgr 40
Rhingfes udin89 YeRais DEADOBI MY ok S¥1e§t1ﬁ@Mrféh@§ thedowt %
solids (on a calcined basis), of which, 40%is

sfsma@e@mg, NeveYeiks, thenmrixed fgu 3 ingruteseingon Ay ersondagh-shrear

PR YR TA3! o femBb i pdyn e G ot hefescay.

Mﬁﬁsad&ﬁ%t?s? g?wﬁg ki 'h%el g% pEBRalEG0 .5 8ht FPE, A

portion of urry 9 was spray dried uding a
Yamat o DL- 41 spray dryer (Yamato Scientific Anerica,

Orangebur g, r under th a conditio as..in
Exanpl e 1. 1B l)\l%hcieQ #Lﬁ“’&’ﬂ“@&‘”ﬁﬁ%é@&@ wét Bree%ﬂeg%ﬁégdlp%
a2%: QgrﬂfNaﬂ&) fossnaa6idat al@rﬁﬁﬁf sblcdtdinih® rél"/galli]ﬂﬁ‘r'i arld®5 %
yield Catalyst 9. The catalyst was Submt to an

atlicei(Naloa Ghegiieal Soowang Nape@iliea llliABmSDtOg’&ge)fari 02Rbolpfinyl
6 Slll%ne solutlon prepared from PVP 90K (BASF America, Bud Lake, New

Jersey) and mixing with the Yamato mixer at 700 RPM for 10 minutes, followed
with a high shear mixing using the Silverson mixer at 6000 rpm for 3 minutes.

This solution had a pH of 3.39 at 29°C.

(C) The colloidal aluminum oxide sdlution prepared in (B) was
combined with the SAPO-34 slurry prepared in (A) while mixing at 700 RPM for
10 minutes with the Yamato mixer. The resulting mixture was then mixed using
the Silverson high-shear mixer at 6000 RPM for 3 minutes. This resulted in a
slurry having a pH value of 4.47 at 30°C.
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Exanple 4.2 - Nal co-8676 al um num oxi de precursor A
slurry containing 45 w% solid was prepared accordi ng

W0 00508620 procedure: (A) 661. 04g of a SAPO 3BCT/US2004/026547

nol ecul ar sieve (wet filter cake, LO: 45.54% were
added to 319.34g of deioni zéd water and ni xed at 700
RPM for 10 mnutes using a Yamato D- 4000 m xer
(Yamato Scientific Anerica Inc., . Oangeburg, New

York), then_pi fo I Nyt es usin Si | ver son .
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PCT/ US2Q04/ 7 i.gh- shear..m xer at 6000 RPM f or
3"%%&{%}&) 18 %@iﬂeﬁfﬁ%g Qliﬂﬁﬂ%?@ila% Hatroagkapligglay.
val ue of 4.53 at 27C. (C) 569.62 g of USP U trafine
kaolin clay (Engel hard Corporation, 5 Iselin, New

Jersey) werBheadstesity of $ihey §] measyrqi espay eBroakfi¢IB)L\under
m.xi ng, at 700 M. X] at 70Q _RPM was. continued for
iR o R andlsr D e on FYRPSHE A -3 Rishy,23°C.

using the Silverson high-shear m xer at 6000 rpmfor 3
mnutes, resulting in a slurry, hereinafter referred
to as Sl ur r4 pédionkdSlury B(7OPgoRas shrABdrivdlasingedy ahatd DIT.-
Sl.urr 0 contajned 45w, % solids (on a _cal ci ned

5 sﬁpé%/y, dlfl?f (g’g"\ﬂlﬂ @H?m GAPLicgaPrangabugoNew YarkyHdar thad
SalfelcondiBehd & ifi IFY¥mplEe] . V1 Ly ori ined i
rreasucrréd usi ng1 a Brrngokf}eT?iﬁC%\?ﬁ};%??c%ﬁ%%{?&e%gﬁlﬁbneguﬁg
gpufilé|fernate AGSOHNn aiafor 24ducsentyigid iCarlys09.2PheRatayst @hs
29C. . A portion of Slurry 10 (700g) was_spray dried
Febinied AR alahGh rehstadis 5 SR § SRR W%
Anerica, Orangeburg, New York) under the sane
conditions as in Exanple 1.1. The spray dried products
izrampled .2 i- INadco- 8678 aluminfrneoxfide mecesat 650C in air for
2 hours to yield Catalyst 10, The catal yst was_ i
submitted tOSHAYSPRAIITED VEsseidHaerieraed ageerding t thiso
GRY¥&daR: ARl of 10.88 wt % hr.

\

(A) 661.04g of a SAPO-34 molecular sieve (wet filter cake, LOL
45.54%) were added to 319.34g of deionized water and mixed at 700 RPM for 10
minutes using a Yamato D-4000 mixer (Yamato Scientific America Inc., .
Orangeburg, New York), then mixed for 3 minutes using a Silverson high-shear
mixer model LART-A at 6000 rpm (Silverson Machines, Inc., East Longmeadow,
Massachusetts), giving a slurry having a pH value of 6.98 at 27°C;

(B) 450g of Nalco-8676 colloidal alumina sol containing 10%
alumina (Nalco Chemical Company, Naperville, Illinois) was combined with the
SAPO-34 slurry prepared in (A) while mixing at 700 RPM for 10 minutes with

the Yamato mixer. The resulting mixture was then mixed using the Silverson
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w@e@paseel according to this procedure:

20 Exanple 4.3 - Alumnumnitrate al um num oxi de
precursor A slurry containing 40 wt% solid was
(A) 264rPdryUs004026547
SAPC- 34 nol ecul ar si eve (vvet filter cake, LO: 25
45.54% were added to 99.5¢ 58f dei oni zed water and

m xed at 700 RPM for 10 mnutes using a Yamato D- 4000
m xer (Yamato Scientific America Inc., Orangeburg, New
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giving a slurry having a pH value of 7.25 at 26C, 30
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ile mxing at 700 RPM for 10 mnutes w'th
\h%ﬂam@aswedat 25 alfheslulﬁs U0 comgined 43wir% sobids (tOhelrcafmnﬁeld)asw)

[ t Si | h 10. sh t 6000 RPM
A3 et i SATAERE s Hndmsppd oG BRrgfetoing a pi
vaI ue of 2.24 at 29C. (D) 231.2 g of USP Utrafine

kaolin clay (Engel hard Corporation, Iselin, New
Jersey) werBeadstesity of 3lhey $0 umayuqsdelpiage(Brabkﬂe{I‘d L¥nder

m.xi ng.at 700 RP ave g, ver) ick slurry,
Wit AL b ah gt s 230 daini2 A o4 Bavkat e
61. 6g of 15% ammmoni a solution, to allow further
processing of the slurry. This led to a sl urry that
vvas m xed a‘tpGl@(OnRPS/IWlO](GO@g)masesprayfdnieﬂmmg ammdto DL-
i the Silverson h- shea '
AR e 6B A TS Ao QANEP RGBT o e the

ghﬁhg][cﬁndlﬁ%seisﬂﬁ@&%pfeelf. B TRApk Sy @Red et wére cARMA% &
muffle furnace at 650°C in air for 2 hours to yield Catalyst 10. The catalyst was

submitted to an attrition resistance test. Catalyst 10 gave an ARI of 10.88 wt%/hr.

Example 4.3 - Aluminum nitrate aluminum oxide precursor

A slurry containing 40 wt% solid was prepared éccording to this
procedure:

(A) 264.4g of a SAPO-34 molecular sieve (wet filter cake, LOL:
45.54%) were added to 99.5g of deionized water and mixed at 700 RPM for 10
minutes using a Yamato D-4000 mixer (Yamato Scientific America Inc.,
Orangeburg, New York), then mixed for 3 minutes using a Silverson high-shear
mixer model LART-A at 6000 rpm (Silverson Machines, Inc., East Longmeadow,
Massachusetts), giving a slurry having a pH value of 7.25 at 26°C;
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viscosity of Slurry 11 could not be neasured using a
Brookfield LV visconmeter, usithg a #3 spindle at 10

rpm 25 A portion of Slurry 11 (700g) was spray dried
using a Yamato DL- 41 spray dryer (Yamato Scientific
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LR1rE3 o6 wB et v be sk i PRonoRE T S4000 BPMofor 3
t Aenuddd Mitid QR HaatbyIesr 1858 Seocobt ai ned for Catal ysts
9, 10 and 11. The results of the attrition resistance

test show that Catalysts 9, 10 and 11 are far |ess
iti ' t al t
Sﬁ te;); Iegni L&él ka L]té)gltngr%nnztar s%lﬁm%iggqa%g 2 gingg W?th the SAPO-
Sl kHiS‘aﬂ:'el'iﬁ/ (&F ik )fnl%ﬂfg%}( 768 RONARE 10 Wiflliks with the
oxi deca precursor Slurry
91(@111@'[0 H.LQSB ﬂ@eemm@ A OICT ] 1h€(n2[ﬁ)xe$hlsmg yhe Silverson high-

S%Nal Cgﬁg %@&Piﬁ’ Of%%éu&%f%ﬁks F%ﬁ&l&z%l %ur r %@*@B&ﬁp&i

| YhllRPofy 24 gaseeed at 10 RPM using a Brookfield LV
vi sconeter, #3

(D) 231.2 g of USP Ultrafine kaolin clay (Engelhard Corporation,
Iselin, New Jersey) were added to the slurry prepared at (C) under mixing at 700
RPM. This gave a very thick slurry, which was diluted by adding 53.8g deionized
water and 61.6g of 15% ammonia solution, to allow further processing of the
slurry. This led to a slurry that was mixed at 700 RPM for 10 minutes, followed
with high-shear mixing, using the Silverson high-shear mixer at 6000 rpm for 3
minutes, resulting in a slurry, hereinafter referred to as Slurry 11, having a pH of
3.81 measured at 23°C. Slurry 11 contained 40 wt % solids (on a calcined basis),
of which, 40% is SAPO-34, 5.3% is alumina and 54.7% is kaolin clay.

The viscosity of Slurry 11 could not be measured using a

Brookfield LV viscometer, using a #3 spindle at 10 rpm.

A portion of Slurry 11 (700g) was spray dried using a Yamato DL-
41 spray dryer (Yamato Scientific America, Orangeburg, New York) under the
same conditions as in Example 1.1. The spray dried products were calcined in a
muffle furnace at 650°C in air for 2 hours to yield Catalyst 11. The catalyst was
submitted to an attrition resistance test. Catalyst 11 gave an ARI of 10.40 wt%/hr.
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solutions by NMR spectroscopy

Several aluminum oxide precursor solutions were prepared and

analyzed by >’ Al NMR spectroscopy.

Solution A: A solution containing 10.6 wt% aluminum chlorhydrol
was prepared by adding 106 g of aluminum chlorohydrate MicroDry (ACH, from
Reheis Inc., Berkeley Heights, New Jersey) to 984 g of deionized water, and
mixed at 700 RPM for 10 minutes using a Yamato 2100 homogenizer (Yamato

Scientific America Inc., Orangeburg, New York).

Solution B: 500 g of Solution A was maintained at 40°C in a water

bath, in a sealed polypropylene container for 16 hours.

Solution C: A solution containing 10.6 wt% aluminum chlorhydrol

was prepared by diluting 212 g of an aluminum chlorhydrol solution REACH 501
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Solutions A, B and C under these conditions are shown
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a | ow i nt enSPPYonExR PREIPnE selatipn Brwasnantagmehaf ¢0°C in a

' - I stingui shed
R SRR PolP Py B PR P Rrbout "W shi ng
to be bound by any theory, it seems that the al um num

speci es corfespondj 0. the sharp peak at 62-63 ppm
in 27A1 Nwéﬁggor}seéﬁgrémw W 2patyzed by ?’ﬁl Mﬂg using a
res Ve f 1 [
D S torhn R P e S 208 i apgen
Ot frafueady bf/1 200l Migusingpsiapkiose €AY pilseahdtahecycle delay
al ym nuna contai ning solutions or slurries during
cHt'al%%1% 15 fornul ati on processes. The presence of a
sharp peak at 62-63 ppmin 27A1 NVR spectroscopy is a
clear indication of the presence of the A104 nviety of

the A113_ Tier> ApNMRspelih CHiAInka (@M 28R A, it C (568

Jthé]s'e cgil(tii%iggsr grle %h(?\{/]l’? inngirgErg 1I.E'Fo\g gﬂ ?I?rgg solutions, the NMR specira
exhibit broad peaks at 70 ppm, 11.3 ppm, 10.7 ppm, 0 ppm and -25 ppm, which
are indicative of the presence of high and medium molecular weight aluminum
species, having in the order of about 80 to about 40 aluminum atoms per molecule.
The very sharp peak at 62-63 ppm is characteristic of the tetrahedron AlQ,
surrounded by 12 octahedron AlOy, in a structure the same or like aluminum 13-
mer (Al13.mer), including Alj3.mer 0F Al 1mer (n > 13 but oligomers of aluminum
having tetrahedron aluminum sites surrounded\ by octahedron aluminum). The 62-
63 ppm signals correspond to the tetrahedron aluminum sites. For Solution B,

about 12% of the aluminum atoms are estimated to be in the Al;s_yer -structure like

state, while, for Solution A, only 4% of the aluminum atoms are estimated to be in



10

15

20

25

30

Journal of Magnetic Resonance 84, 121-133 (1989); J.J.
Fitzgerald and A H  Rosenberg, Antiperspirants and

waelewdosent s, Second Edition, edited by Karl LaPenps2080026547

Mar cel Dekker, Inc, (1999)). Exanple 5 - Hi gh Pressure
Li qui d Chr omat ogr aphy and RePati ve Binding Efficiency
Several al um num oxi de precursor solutions were
prepared and 25 analyzed by high pressure liquid

C to o0l Ut X A.soluti cont ai ni .
Bk ar PR aP s st rRuB Pl B aa B T a Qi polyien
JoflurBinui dhlsth Gt Dinefy et &eCanhbuiit 8P NMmi¥allspeele@ R the Alis.mer
Reheis Inc., Berkeley Heights, New Jers:eﬁy) to 250_g of

deiraeipsedikevitate resparsible dorrth wety sharp pealy ot prgn & > Al

YIRS el 2100 honogeni zer (Yamato Scientific

Arer | gpae'é/?%sg.ol?%a angeburg, NY) until a clear solution
was obtai ned. WD 2005/039761 60 PCT/ US2004/ 026547
Solution Y: 250 g of Solution X was mai ntai ned at 40C

in a water Badpeciraptiainegdr Sdlusiohy Py Byt Eraee domtnainfégure

ford6. hours, 5.Solution Z: A C rical .sol utian,
(R AR s RS LB RS P SO SO o
f sueipRehRih HelditinguiBiRddia lIRYNMER hdciumN Sof@ibdD.ons X, Y
and Z were submitted to high pressure |iquid

chr omat ogr aphy anal ysis. Each sanpl e provi ded several
peaks at different. 10 r nt | times. In this

anal yti cal \f?r]fét?‘ﬂ%tdy ishing togf’?e%odjr?gr%ysaﬂ% QLY i SFHME Higt the
hilghgsin spables stkaaportehgiatthe kit F&ikraﬁ 6287 Gphie ¥ AVRRR is
nmol ecul ar wei ght species elute [ast. The HPLC
desrongiblsdpanriqubeititinadesiganosawpereyser to formuthtgZmolecular sieve
exhi bt sever al eaks. wth different k .areas..
TREIHS ohe B RotR R it e on o4 7 \opR ey Sbhing
tdppespdiateripineed he ilmnﬂﬁﬁﬁlc&ﬁé‘ilﬁil%%t aft688or d1AGieY gﬁ fScatalyst

bet ween parent heses bel ow P1 1 hrough PS in icate
tfeemylatiemprioeesses. iFbe prskensa ofa sk paaicattoRed Impmbar CAUNNER

t he .col ums | abel |.ed,.P1 rough P5 .indi,cate the
OPRERT g pelRt mpEutn ohBe piideace g B G el artge Al
Givépecieh RAIRE AAL (019, BHIO) NG &Ed 1 £ ireR st 1aRBEL ore ¥ GBhnson,
corresponds to the rati'o of Pl, relative to the ratio
doumial ¢¥lagustictRegenaxce 84) 1244138 (6989); J.J. Fitzgerald and A H.
Rosenberg, Antiperspirants and deodorants, Second Edition, edited by Karl Laden,

Marcel Dekker, Inc, (1999)).

Example 5 - High Pressure Liquid Chromatography and Relative Binding

Efficiency

Several aluminum oxide precursor solutions were prepared and

analyzed by high pressure liquid chromatography.

Solution X: A solution containing 50wt% aluminum chlorhydrol
was prepared by adding 250 g of aluminum chlorohydrate MicroDry (ACH, from
Reheis Inc., Berkeley Heights, New Jersey) to 250 g of deionized water, and
mixed at 250 rpm using a Yamato Model 2100 homogenizer (Yamato Scientific

America Inc., Orangeburg, NY) until a clear solution was obtained.



Sol utionPl P2 P3 P4 P5 RBE
(3.88-3.96)*(3.98-4.01)*(4.10-4.26)*(4.51-4.66)*(>5)*
WX2@sae1 727. 006. 950. 071. 00 Y48. 338. 086. 127. 5POT/08004/d26547
Z50. 3337. 026. 675.970. 011. 19 *: nunbers in parent heses
are retention time in mnuted The results presented in
Table 5 indicate that aging of a fresh ACH solution
i ncreases the RBE, while the comercial ACH sol ution
al ready has a 25 very high RBE. WD 2005/ 039761
PCT/ US2004/ 026547 61 f While the present invention has
b8elntide¥c25hgdf Soltibh Xusiy Bbiathiney at 1€MW Stet Bath, in a
par{icular enbodi ments, those of ordinary skill in the
avepledipolypropylsng cpaipwer Fatl 6MRSi nvent i on 1 ends it sel f
to variations not necessarily illustrated herein. For
exanple, it is contenplated that the nol ecul ar sieve
S catalyst 5 SdnpasZi AeomnseridsleAOH sofitibheChlorhydrol 50%
i pter-cqonversion of olefin(s), oxygenate to gasoline
RN Lgh & P8tk Varirchessdeizom Reehiy dind. derkelry Hiighs, NJ.
anyhdride and acrylonitrile fornulation, vapor phase
nmet hanol synthesis, and various Fischer Tropsch

reactions. SdlufienstXyrY et Zewid aplinéee Hifepredsupé Hguid
flow, fixed bed or fluidized bed process are used in

cSrerAeEanhy ansdysis diach sayple prayidedeersial peaks ot bffereones

10 Welddlibn ) &iagl : | bl g reactor syste t. ]
al 50 lc_oﬂ{né%p at? %cfﬁ ? em%gg%%’ glre Ogliggglgr I ’teﬁl“{}%’tdle highest
coofpasat weipht ces dirithad thdomb nadleculks Sfdidht 3ecies elute last.
as separators, detergents,

SC ts, adsorbents,
3@1@2‘{1&;@ P]S“IOFT@F%%TH&F] abiginpé forpamplse <, Yswul 4 edtibiel several
kSwih Wi ' tyure. Addition . .

cont e n’pf1 ate éelﬁ Ir}.ikgalprr%f3 %gé ul'a rddgal e egg{t%q%;:]talb&%% shighdrls

| thiougll @5 oefer oreativpeakaibi@k ed)BheEdithed ek @4 Phrentheses below Pl
cgrrrbl %t\l_ on. For this

15 ‘through PS5 indicate the retention times of each peak and the numbers under the

columns labelled P1 through P5 indicate the normalized peak areas. The last
column in Table 5 gives the Relative Binding Efficiency (RBE), which

corresponds to the ratio of P1, relative to the ratio of P1 for solution X.

20 Table 6
Solution P1 P2 P3 - P4 P5 RBE
(3.88-3.96)* | (3.98-4.01)* | (4.10-4.26)% | (4.51-4.66)* (>5)*
X 42.26 43.72 7.00 6.95 0.07 1.00
48.3 38.08 6.12 7.50 0.00 1.14
Z 50.33 37.02 6.67 5.97 0.01 1.19

25

*: numbers in parentheses are retention time in minutes

The results presented in Table 5 indicate that aging of a fresh ACH

solution increases the RBE, while the commercial ACH solution already has a

very high RBE.




15 reason, then, reference should be nade solely to
t he appended clains for purposes of determning the

wo ews/030ope of the present invention. WO 2005/ PGRUSHOEE26547
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CLAI M5 PCT/ US2004/ 026547 1. met hod of naki ng

nol ecul ar sieve catal yst particl es, }he nmet hod
conprising the steps of a) providing a solution or
suspensi on of an al um num cont ai ni ng i norgani ¢ oxi de

precursor | L4 QUi e i ni.na. t he
D et or 1 Bty Bk SOTBLI08 HSustratea by

i redergarei to pavticdiar embediien) theset df oadinmlyeil @rtheievey and
optional ly other fornulating agents, to form_a
cRPEFGHYE thad Fisunyantion lepdg itps} toprigigensgiot hecessariby Ylystrated
f | &t r: in _said.slurr

o7 Sl o QR i bBBEURARE P ufilla? sl et ng

pesmygositigds usdfuldh tind inteMcah wiBo0bf 6lbﬁn(fs), oxygenate to gasoline
al um num cont.ai ni ng precursor in the formof oligoners

heRAVAG RS 974Hpnsy mafacvrhpdide. phthglc gphprd andragridynitrile

f ' [ | yst rticles.fraomthe
S BRRRBEBe Hle o SRS bl Sl 5hnst PG, 1
weactiing. #ds figthiencaitanplafed itisat 6 plud fsly Ofiedded dr fluidized bed

tenmperature and for a period of time such that at
| Q¢SS Breisgdimsaambinafona pa e Hanby ingiEfaisnbreagtipm zones within a

a7 I, QA { | yst .
el B BN RLBbPAREE HIER (i R rdensioeng
betaipst RohPositischs des@ibadiheie &t QPR abssbestll s@sorBentd p8s

met hod of any of the preceding clainms, wherein aging
i JePaiRtss, dpterdentse water perilges, aad other sageisares wichaslagrisultare

1100, ' | . %
Rl Rl T Mo B st e IR S etlanily 1

t dvenmaitvhy ficludt @h80t flokdsthed hsleyhlaSsidves i@ MR Rl For this
ol i goners havi ng between 10 and 75 al um num at ons per

rfisPesythen, raferepqe shrsldibeimetie spisly ¢4 thetappended sttime for purposes
e L

al um num contai ning precursor in the catalyst
formulation slurry is in the formof oligonmers having
a sharp 27A1 NWVR peak at 62-63 ppm



WD 2005/ 039761 63 PCT/ US2004/ 026547 5. The net hod of
claim4, wherein, before step d) takes place, at | east
w@2@t08a7600 of the al umi num atons of the PCT/US2004/026547

al um num cont ai ni ng precur SOk in the catalyst
formulation slurry is in the®¥ orm of ol | goners havi ng
a sharp 27A1 NWR peak at 62-63 ppm 6. A nethod of
maki ng nol ecul ar sieve catal yst particles, the nethod

c ng the steps of: a) preparing a solution or
s%on of inorganic oxide precursor in a liquid

medi um b) conbining the solution or suspension of

| DOr gani fGe@¥h EmBERS YL ] I L ar .si and

optional | ?/ ot her Q%lognuﬁ%a\r%{egagaﬁ%l@ pt%g[ycfl%r trlﬁeﬁ ctfiod

ceampysng thestepubfit i on slurry; c) aging the suspension
i nor.gani c.oxi de; and d) form ng nol ecul ar sieve

of
cAPYEMEoton <& spipspsiehel analunism-s@rsmingtingEanic oxide

S%&Eﬁrgérin%ﬁ#lﬁiﬁe&ﬁj d aging in step c) is carried out

at a tenperature anal’for a duration such that the

cl)t @inytning dirensohaionan ssspendiyn bduminBel-adriteinBi imgﬁgc oxide
Efficiency between 1.02 and 1.25. 7. The nethod of
SPTSPYTSEY Wiliha PG5 siete. Rd epligratly ofhet st gegentatio form

t SOREL AL di@fy.@ period of time such that the
catal yst forrmulation slurry has a Relative Binding

Ef)fagtigathe yathlgstviemmlatidslamgltolgederaty iafsgidabinyy dpckSontdBa! &
preferably 1,15. 8. A nethod of nmking nol ecu? ar sieve
CHPAPSFSR S%'Q@EW the exipting pREegHEge. Afipningmajomb ef deeps

: ) ' i ension.of i.norganic
iy P RBS 38 0 o BHBRAIAL AR MR,
SISMR paalk av62-$Appanandn of i norgani c oxi de precursor

V\(bt a_nol ecul ar sieve, and optionally other _
O AL ek steve catglypigerichesdrana theswatalyso forniudetionmslurry.

slurry; c¢) aging the catalyst formulation slurry; and

2. The method of claim 1, wherein aging in step c) is carried out at a
temperature and for a period of time such that at least 5 atom % of the aluminum
atoms of the aluminum-containing precursor in the catalyst formulation slurry is in

the form of oligomers having between 10 and 75 aluminum atoms per molecule.

3. The method of any of the preceding claims, wherein aging in step c¢) is
carried out at a temperature and for a period of time such that at least 10 atom %
of the aluminum atoms of the aluminum-containing precursor in the catalyst

formulation slurry is in the form of oligomers having between 10 and 75

aluminum atoms per molecule.

4, The method of any of the preceding claims, wherein, before step d) takes
place, at least 6 atom % of the aluminum atoms of the aluminum-containing

precursor in the catalyst formulation slurry is in the form of oligomers having a
sharp 2’Al NMR peak at 62-63 ppm.



WD 2005/ 039761 64 PCT/ US2004/ 026547 d) form ng
nol ecul ar sieve catal yst particles fromthe catal yst
wo eoosbeEsi on slurry; wherein aging in step c)PCEUS2004/026547

carried out at a tenperature and for a duration such
that the nol ecul ar sieve cdialyst particl es obtained
after step d) have an ARl value of Iless than 1.0. 9.
The nmet hod of claim@8, wherein the nol ecul ar sieve

taly articl.es obtalned after step d) have an AR
? | esiﬁ? 1%5%106 o claiip 4, WhareRebeiote B0 %)ﬁ%eéﬂvlqcﬁeat least 8 atom
P

DS, A e BB R oA o B Rclcl BB ey
aformutaﬁmv eluatyts i thé fdroel Digomiets HODMG of Mearp?’ RENMRp&dk at
a% gast 2 hours, preferably for a period of at |east

i80PED- 11. The nethod of claim 10, wherein, aging in
step c) takes place by mintaining the cat al yst
fornmulation slurry is maintained at a tenperature of
fé.om Anethal @lhakidg moldeelameibhocatallstpapictds, ik aidModd t o
11, wherejn aging of the catalyst formulation slurry
|?Pr%1?ré§B‘ ;1e§tg% ‘place for a period of at |least 5
h f S od of
ﬁlﬁrgf%aﬁ? gsglﬁlggg glr% gbgllf ?(ﬁl(;f 1§ gﬁﬂé %)ﬁldéérecursg{g mtah u1d
cmedulumst formul ati on sl urry in step c) does not take
pl.ace far qore than 24 hours. 14. The nmethod of any of
¢ U 15§ORISN OF SUSRARYIQN of ippKgasis ogide precysor with a

0 | not

P oF R SR ind SRR GG o RuRLAE SEaR f Pyl ¥ caRRE
| fogmektienslsrryn step b). 15. The nethod of any of the

precedi ng cl aims, wherein the solution or suspension
)algﬂ’@rﬂ@%\?ﬂsEelﬁiﬂndg%‘?ré@u? g¥idej adngi nt ai ned at a

t d
PRl A A0 A s
i wgafrexﬂl seidtaginigin StepR) by carri¥@ 2@ Qb4 Rafhéteturdand for a duration such

/ US2004/ 026547 . 16. The net hod any of the
actBeraia et fanmpmation sy hasa Rﬂé‘é‘é@t Biadingr Effistengy between

1.02 and 1.25.

7. The method of claim 6, wherein aging in step c) is carried out at a
temperature and for a period of time such that the catalyst formulation shurry has a
Relative Binding Efficiency between 1.02 and 1.2, preferably 1.18, more
preferably 1.15.

8. A method of making molecular sieve catalyst particles, the method
comprising the steps of?

a) preparing a solution or suspension of inorganic oxide precursor in a liquid
medium;

b) combining the solution or suspension of inorganic oxide precursor with a
molecular sieve, and optionally other formulating agents, to form a catalyst
formulation slurry; 1

c) aging the catalyst formulation slurry; and



the nol ecul ar sieve used in step b) is provided in the
form of uncal ci ned nol ecul ar sieve catal yst
w@arsisd7es. 17. The nmethod of any of the preceRCTyS2004/026547

clainms, wherein the liquid diumis water and the

catalyst fornulation slurry epared in step b) has a

viscosity of from1.0 to 10.0 Pa-s, preferably of

from1l.2 to 9.5 Pa-s, when neasured at a tenperature

bS%%Fen 23? qd 30 C, using.a Brookfield LV

Giimedroleghlasicye catg §m%¢1@8 femihe pqiphyst formylatinn hewy;

0 I r

n‘gvthf%g‘l Jé%éénﬁ%r Feg)%r%g c é@&s’ﬁg %fsl geirﬁp%} tﬁ% ahli e Cfeasdurgtlﬂo% such that

stfmle UHhOlmlaII‘SIES/'B spiatysi mnticés oh’nﬂﬁ@ﬁﬁfte{t sﬁ:pldd Qaw BCARS dlué &f
ui medi um b) aging the solution or suspension

Sﬁ B?Sé)m c oxi de precursor, c¢) conbining the

solutlon or suspension of inorganic oxide precursor

with nolecular sieve, and optionally other

f@r nul Ehé mgthag efithim 8 pwhertim the aolalils bievd Cdtalydt PhitiRles

sl urrg %ﬁ% ng nol ecul ar sieve catalyst particles

£ PRIAHEG, émc{;f dpve @y Al et legvtban 0dr y;  wherei n agi ng

in step b) is carried out at a tenperature and for a

duration such that the nol ecul ar sieve catal yst

pbﬁ ti cTiesmethbdiofieny @lfthepresédipp chinfiawherin Athg adtetec)ikes

ss than 1.0. 19. The nethod of any of claim 18,
RS B pehos Fevaladar sl pRRIBS from 0°C
t r I
BB 1o RS S0l 10N, DA 19yl 5505 D90y
the catal yst forrrul ation slurry formed in step c) is

nﬁrnt nedﬁ@ ﬁrature of from15C to 50C for a
i od ks mefged ﬁBFlémi Vheseipsging mﬁFe@fCélt?d@F plapeby nor e
g O ot : L ShENe

cat al ayslt é)paer t ‘f ?ﬁ E ﬁﬁrx%ulaﬁ% Qi'ug?.ﬁ nv%m 005/ %ﬁ%ﬁer%%we of from
PGTCWS300d/ 026547 21 The nmet hod of any of clains 18
to 20, wherein the inorganic oxide precursor is

sel ected fromthe group consisting of alum num

ciy. or ofyydrnahsq ap o r L: | er.ohydrat e,
o DSy BRthy Gl £ RREH LY R
formulation slurry in step c) takes place for a period of at least 5 hours, preferably

at least 8 hours.

13. The method of any of the preceding claims, wherein aging of the catalyst

formulation slurry in step c) does not take place for more than 24 hours.

14, The method of any of the preceding claims, wherein the solution or
suspension of inorganic oxide precursor is not aged before combining with the

other formulation ingredients in step b).

15.  The method of any of the preceding claims, wherein the solution or
suspension of inorganic oxide precursor is maintained at a temperature of from
15°C to 50°C for a period of not more than 4 hours before combining with the

other ingredients in step b).



I norgani c, oxide precursor solution or suspension is
carried out in step b) by maintaining the solution or
waeepesson of i norgani c oxi de at a tenperat ureCDUSInOmM6547
10C to 80C for a period of aj_least 1 hour, preferably

for a period of at least 1.5 5hours, nore preferably
for a period of at least 2 hours, even nore preferably
for a period of at least 3 hours, nost preferably for

a,peri of ~at |l.east 4 hours. 22, The nethod of any of
ol i rrsxf%‘smFﬁloé fapy et Ge RrecRing slas, athgren akleoghp partionted

S e Whd181R1sieH SRENR sg#) 15I3f815 %@9{&&%& ﬁ'li g@fgf ﬁfgzélcined molecular

mai ntained 'in step rom

psiefeqatddysy paficfesom 20C t o 50C. 23. The nethod of any

of clains 18 to 22, wherein aging in step b) takes
place for a period of at |least 5 hours, preferably at
| gast . . .
ot pr oy ool of Y 61 86 BIEEARe ol YRR kgl Bgp
awgtepandcthecatalysifotroulaBon sihay prapamt] ih stas b) Baspovitdosity of

R PRI Brean i fEFerdi A0 SPrsavbammpypsred ot a
p@fﬂp‘eﬁﬁ'ﬂﬁ§ betden Z@‘Q? aed ﬁwﬁt,qsir%&ﬁ%gkﬁélg i'\T/Bvig'c%n{le? rze'v tha
ter an Al S%

wherein the liquid nediumis the cataly
fi6Y spid¢ atol phurry prepared in ¢) has a viscosity of
from1.0 to 10.0 Pa-s, preferably of from1l.2 to 9.5
Pa-s, when neasured at a tenperature between 23C and

3(%.C,  AsidiithPoBhagks Ll i ot ! !

spindle at 10 r pmﬁé ZG.Q%SI%(?%E%?%?E%?@S’O&@%hegmd

prosgedingghe stapssl; wherein the liquid mediumis water.

%) 2003/ 039761 67 PCT/ US2004/ 026547 27. The mnet hod of
PIORIPRE SpiUEeR AF FFPEIsiThel gigatie Pxide RECHTFOF Beliquid

Q%EHEm; Precursor conprises an al um num oxi de precursor

and a zirconium oxide precursor. 28. The nethod of

dnygf thdelpti@cadusgensioaiofiinorydhér &iide proeurkstor gani c

o>5i de Eﬁ{eﬁur sor. is an al um num oxi de or )

£ GRTRIARE NP SY Mo POISRENsHnRL IR gRnic oxide presurser Wil of

e flart S8 e PARESHRAIE bRl | akshe 4A959a01S

OXi ge : psr eglar o) i|Os é}g{)tgé{@gn%glgﬁe%%g{sg?’ofﬁgg %ﬁ@lﬁyﬁi ng

dbrmalatmanedmnrghl or ohydr at e and

d) forming molecular sieve catalyst particles from the catalyst formulation slurry;

wherein aging in step b) is carried out at a temperature and for a duration such that

the molecular sieve catalyst particles obtained after step d) have an ARI value of

less than 1.0.

19. The method of any of claim 18, wherein the molecular sieve catalyst

particles obtained after step d) have an ARI value of less than 0.5.

20.  The method of any of claims 18 or 19, wherein the éatalyst formulation
slurry formed in step c) is maintained at a temperature of from 15°C to 50°C for a
period of not more than 12 hours, preferably not more than 8 hours, before

forming the molecular sieve catalyst particles in step d).



al um num zi r coni um chl orohydrate. 30. The net hod of
any of the preceding clains, wherein the catalyst

wo orosBEbi on slurry further contains a matri x PEL/ER2084/026547
preferably a clay, nore preoféerably kaolin clay. 31.
The nethod of any of the preceding clains, wherein
formng the catalyst particles is performed by spray
drying. 32. The nethod of any of the preceding clains,

fAarth iy Si t .St l cinj t he )
AR AREY S R 5816 b S A oty
fseontbatis Sflediddiibd tROFBIp Shridghtink B) gﬁgﬁﬁﬂ lcﬂl%rcﬁl)'}(rlﬁxége_ and

particles; (b) a hydrolyzed formo um num o
(Fymigmezircqnim ehloradvydtatey andraixtives iarédfahé aginghbethei n
I east 5. atom % preferabl |.east, at.om 0/%) nor e

; I
ShoreB i cpdicTrilinck selufer o Spopnton s ravieg vidh S8 PBr

pre
Qhaitaith § Be OXite8 o SushBns i ' i
o SR R o et o S o SRR Rl o
POFCUsB004 fozaBipd 08 atddast Theus atefbrybly foos parlodtdfanicast 1.5

TS S1o%S PRSI R redad 053t 15808 Helsar yBumerb pralE o 2
Heriotof ef le@RB 1R lirsChBbiPReRRbBS ford peMbtes Lt RedsNehours.
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catal yst formulation slurry S Vi scosi t
to 10.0 Pa-s, preferably of from1.2 to 9.5 Pa-s,

en asured.,at a tenperature between 23 C and 30 C,
2 ng RGBS Pherd roBRe B i Fu bl fhedomgersismineioh
B 5qMior3r sudtRsiBR b 8@ r@hiANdof aﬁﬂe&rﬁ@%q@t@ o§§ oy
t he cata%st formulation slurry of any o e 33
t16°630 70Me mesferablyef fimie2QiCaio ¥PEve is a
nmet al | oal um nophosphate nol ecul ar sieve. 37. The
met hod or catalyst formulation slurry of claim 36,

\er eiTheli@hod'®f £\ efairié BV 355 in aging j
sili coaleurri n%phosghat éu nol ecu éﬁse]feér\l/%gm%gl.smﬂn@ t?r%etsl%aée
der xperidyafiat feestriticats, preferhbiyay leadt 10| tmiurs, Ribre WoREMIat

t he | ecul ar si.e i s selected from SAPG 18,
15 SRoure apeSt pipfetyly af lsp AR hours.

24.  The method of any of claims 18 to 23, wherein at least a portion of the

molecular sieve used in step c) is provided in the form of uncalcined molecular

sieve catalyst particles.

25. The method of any of claims 18 to 24, wherein the liquid medium is water
and the catalyst formulation slurry prepared in c) has a viscosity of from 1.0 to
10.0 Pa-s, preferably of from 1.2 to 9.5 Pa-s, when measured at a temperature

between 23°C and 30 °C, using a Brookfield LV viscometer, with a #3 spindle at
10 rpm.

26.  The method of any of the preceding claims, wherein the liquid medium is

water.
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32.  The method of any of the preceding claims, further comprising the step of

calcining the molecular sieve catalyst particles.

33. A catalyst formulation slurry comprising

(a) molecular sieve particles;

(b) a hydrolyzed form of aluminum oxide;

(c) water;

(d) optionally, matrix particles;

wherein at least 5 atom %, preferably at least 6 atom %, more preferably at least
10 atom % of the hydrolyzed form of aluminum oxide is in the form of oligomers

having a sharp >’ Al NMR peak at 62-63 ppm .
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34.  The catalyst formulation slurry of claim 33, further comprising a

hydrolyzed form of zirconium oxide.

35.  The catalyst formulation slurry of any of claims 33 or 34, wherein the
catalyst formulation slurry has a viscosity of from1.0 to 10.0 Pa-s, preferably of
from 1.2 to 9.5 Pa-s, when measured at a temperature between 23°C and 30 °C,

using a Brookfield LV viscometer, with a #3 spindle at 10 rpm.

36.  The method of any of the claims 1 to 32 or the catalyst formulation slurry
of any of claims 33 to 35, wherein the molecular sieve is a

metalloaluminophosphate molecular sieve.

37.  The method or catalyst formulation slurry of claim 36, wherein the

molecular sieve is a silicoaluminophosphate molecular sieve.

38.  The method or catalyst formulation slurry of claim 37, wherein the
molecular sieve is selected from SAPO-18, SAPO-34, SAPO-44, intergrown

forms thereof, metal-containing forms thereof, and mixtures thereof,

39. A molecular sieve catalyst comprising

- a silicoaluminophosphate molecular sieve;

- aluminum oxide;

- zirconium oxide; and

- aclay;

wherein the catalyst has an ARI of less than 1.0, preferably less than 0.7, more
preferably less than 0.5, most preferably less than 0.2.

40.  The molecular sieve catalyst of claim 39, having an aluminum to
zirconium atomic ratio of from 0.1 to 20, preferably of from 2.0 to 15, more
preferably of from 3.0 to 10.0.
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41. The molecular sieve of any of claims 39 or 40, wherein the molecular sieve
is selected from SAPO 18, SAPO-34, SAPO-44, intergrown forms thereof, metal-

containing forms thereof and mixtures thereof,

. 42.  The molecular sieve catalyst of any of claims 39 to 41, wherein the amount
of molecular sieve within the catalyst is from 2 wt % to 85 wt %, preferably of
from 20 wt% to 80 wt%.

43.  The molecular sieve catalyst of any of claims 39 to 42, wherein the
combined total amount of aluminum oxide and zirconium oxide within the catalyst

is from 4 wt % to 30 wt %.

44.  The molecular sieve catalyst of any of claims 39 to 43, wherein the particle

size distribution of the catalyst is 15-200 microns.

45.  Aprocess for converting a feedstock comprising organic compounds to a
conversion product which process comprises contacting said feedstock with a
catalyst comprising an active form of the molecular sieve catalyst particles
prepared by the process of any of claims 1 to 32 or an active form of the molecular

sieve catalyst of any of claims 39 to 44.

46.  The process of claim 45, wherein said feedstock comprises oxygenates and

said conversion product comprises one or more olefins.

47.  The process of any of claims 45 or 46, wherein the feedstock comprises

methanol, ethanol, propanol, dimethyl ether or mixtures thereof,



