WD 03/ 000413 PCT/ US02/ 19955 1 MOLECULAR SI EVE CATALYST COWPCOSI TION, ITS
MAKI NG AND USE | N CONVERSI ON PROCESSES Field O The Invention [0001] The
present iwoeami@mdrel ates to a nol ecul ar sieve catal yst eomsszi99en, to a
met hod of making or form ng the nol ecul ar sieve catalyst conposition, and
to a conversion process using the catal yst conposition. Background O The
I nvention [0002] Oefins are traditionally produced from petrol eum
feedstock by catalytic or steam cracki'ng processes. These cracking
processes, especially steam cracking, produce light olefin(s) such as

et hyl ene and/or propylene froma variety of hydrocarbon feedstock.

Et hyl ene and propyl e gé npor. di em cals useful in a
variety of processe 28t | conpounds. .
[0003] The pet rochmMAKLIN@AND/UBESMGGNVERSI@Nrmmcmssﬂsat oxygenat es,
especially al cohols, are convertible into I'ight olefin(s). There are

numer ous technologies avai |l abl e for produci ng oxygenates incl udi ng

f er rent at i orFieldrOf Ehelnwemtion synt hesi s gas derived from natural gas,

petrol eum | i rbonaceous .materials including coal, recycled

pl asti cs, ﬂ&%ﬁpal \?@‘5&’&358’?1: 1ByRAtiop felafes E’r"’glgﬂfeeu g‘fq @falystener al | y, the
producti on nat ural gas,
nostly net h;&fﬁgﬁ% Ehttgﬁ:th%org%g%dn%r%lﬁg 01|afr?t]f o%ﬂgﬁdggée&ﬁfa?g%%%gaﬂ tnOX| de and/ or
car bon di oxicdepo&yiogamdps adugtdrion prooes sSidg thacatalyetlcbmisogition. and i ncl ude
conventi onal stean1reforn1ng, autothermal reformng, or a conbination

t her eof . [O(Em_g}mmbﬁﬁjl_@&maferred al cohol for light olefin

product| on, fgot YPI GaLE. SYILNASH ARG, LA WG salflut heatieaaty on of

hydr ogen, nonoxXi reactor in
the presenceaflytr dietaiOgekeftSrocstadsal Thete crikinEydoRke, edpdciae s@yit hesi s
process nethanol is produced using a copper/zinc oxide catalyst in a

wat er - cool edradsing, arodues hghielefinéasuelr as efindene and/or propylene from a variety

of hydrocarbon feedstock. Ethylene and propylene are important commodity
petrochemicals useful in a variety of processes for making plastics and other
chemical compounds.

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

[0004] Methanol, the 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
copper/zinc oxide catalyst in a water-cooled tubular methanol reactor. The

preferred methanol conversion process is generally referred to as a methanol-to-



preferred nethanol conversion process is generally referred to as a

nmet hanol -to WO 03/ 000413 PCT/ US02/ 19955 2 ol efin(s) process, where

nmet hanol we osoosested to primarily ethyl ene and/ or propylPemasozimbe
presence of a nol ecul ar sieve. [0005] Ml ecul ar sieves are porous solids
havi ng pores of different sizes such as zeolites or zeolite-type nol ecul ar
si eves, carbons and oxides. The nost cemmercially useful nolecul ar sieves
for the petrol eum and petrochenmical industries are known as zeolites, for
exanpl e al um nosilicate nol ecul ar sieves. Zeolites in general have a one-,
two- or three- dinensional crystalline pore structure having uniformy

si zed pores @bfif@) frovbsal whirBRsiM0BistcBater&d |t@]§1tih1ﬁﬁly>’eth3ﬁ€l§eoa[nl3/d?0| ecul es that
can enter the pores, and exclude those nol ecules that are too |arge.

[ 0006] Ther eprapgenaimihel pfekenceof amydewlagiievel ecul ar si eves well known to
convert a fe ock, .especi al.ly an oxygenat.e cqnt ai ni ng feedstock,.into one
or nore ol :aﬁl%]s). I'—I@Pf)eé'?(]ﬁﬁiw S afy @rx&ﬁogﬂf hyygng B‘,’rg%?f? (il%fgreﬂéﬁlé‘?si bes the
use of a welohkDoWtZRRILY fe kS | fn(s);
U.S.APaten?%kg. 4,0%%,905 Fgc ssggm?ﬁgﬁ§§%5%ggﬁgﬁﬁﬁgggg%Egﬁgﬁbgnd ot her
oxygenat es t@nehbtriglatigesefahthofrcolpytievs fusthe geslyshahd psigochletidanosi | i cat e -

zeolites, for exanple Zeolite T, ZK5, erionite and chabazite; U S. Patent
No. 4,079, 095derdes arp&aowmas groditess fop srample ajuminemlerie melecwantpvaso

hydr ocar bon C ylene Pi: . , . Pat ent No.

4, 310, 440 dé%%gﬁ%éé%gé%gngsga%ﬁpghﬁpéﬁgﬂgf§¥8§¥%§§§%¥§¥¥h§ﬁ&%using a
crystal li ne ahutired phigdrady siebd pores 6PmEReHhLANYsiObN B4t seld2fifdll One of

t he nost useful nol ecular sieves for converting nethanol to olefin(s) is a

si | i coal um reslshibsphlgcdenibecnn eater dheyoses, agl ecdwlsl thesemay podsstihatare ( SAPO)

nmol ecul ar sievisocontain a three-dinensional mcroporous crystalline
framewor k stP8dtEFe of [ SiQ2] 1 [ A102] and [P0O2] corner sharing tetrahedral

units.  SAPQoapeYt hesitherSard ol d@Eehttybbs Df AR sMQes et B3 & Which is

herein fully incorporated by reference. SAPO is generally synthesized by
t he hydr ot hesommbrt adesdstosk | dsperidllynanofxygenataointmningifedstoek, afitoginkioc on- |

al um num anrgo%ho?gf?nr}(s))r. Li3$o-r example, U.S. Patent No. 5,367,100 describes the use of a
well known zeolite, ZSM-5, to convert methanol into olefin(s); U.S. Patent No.
4,062,905 discusses the conversion of methanol and other oxygenates to ethylene
and propylene using crystalline aluminosilicate zeolites, for example 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,.

[0007] One of the most useful molecular sieves for converting methanol to
olefin(s) is a silicoaluminophosphate molecular sieves. 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
crystallization of a reaction mixture of silicon-, aluminum- and phosphorus-

sources and at least one templating agent. Synthesis of a SAPO molecular sieve,

its formulation into a SAPO catalyst, and its use in converting a hydrocarbon



sources and at |east one tenplating agent. Synthesis of a SAPO nol ecul ar
sieve, its fornmulation into a SAPO catalyst, and its use in converting a
hydr ocar bwo 090@383 000413 PCT/ US02/ 19955 3 feedst ock i nt oPoTafSo2(®53
particularly where the feedstock is nethanol, is shown in U S. Patent Nos.
4,499, 327, 4,677,242, 4,677,243, 4,873,390, 5,095,163, 5,714,662 and

6, 166, 282, all of which are herein fully incorporated by reference. [00081
Typi cal ly, nolecul ar sieves are forned 1 nto nolecul ar sieve catal yst:
conpositions to inprove their durability in commercial conversion
processes. The collisions within a commerci al process between catal yst

conposi ti on fadstdck!if olMRTE ?&ﬁﬁ@@laﬂ& DBefRE AtV ik SnetiRAE] G BLynrigact or
systens cause the particles'to breakdown into smaller particles called

fines. The pPhysPataht BoedkddORR7o4,6TH2A2, Asi7824B o4, 81, ¥ SPAB AB§st conposi tion
articles i's_kno as ition. .Fines often xit the reactqr in the
or T uent st r%af%@%s%ndtﬁ]é@%% aﬁa_ﬁw&r@ A Y {CQipOralemby refeiengcy st
conposi ti on;obgsg' ng ?fjmhgrmsﬁémﬁﬁ 4058 abeFoRthdd dnkd ﬁ@legﬁlgfgi?ﬂ;eecaft'ﬁ r fines,

| ess cataly mposition i’s required for conversion, and longer’life tines
result in |onostpas &l injgoeobtis dufablRPin ddahersladtosieti mrataabesst
conpositions _are formed by conmbining a nolecular sieve and a matrix

mat eri al usuha spllisionsieitiip @ Cemaergipl pogssh betveerrepdaly spppesition pakelepi nder i s
hol d the matjj x efl.al f1en clay, to th | ecul.ar sieve. The use of
bi nders and tglr%rfl ?%Ifiésh%]t g?e}cé(%sv& aﬁlrsl’ 2?nr%leOt e\cé)rr %}gqrgﬁﬁ%@ﬁ%is‘é&huelpﬁmlesﬁt8ve cat al yst
conposi ti oNSregkdd®hlinton@yilief Particley adlled Five®f TROPAVBICE] BbakdoREaRFHRS. It IS

al so known that the way in ich the nol ecul ar sieve catal yst conposition

is made or Moleplhmtied cafdlyst compesitonpartidems dkepwh enatittion. tHines. offe00101
Exanmpl e of nethpds of meking. cafalyst c ositiaons include: U S. Patent
No B, 126, 208G ISR St AR RO TUP TG TP rC BRI O R PP havi ng
high attrit l@ﬂm&%ﬁ{@@ﬁ%@%@h@h&%ﬁ%& thaBHAGH ol RAFer HEES 1N
separate slurries wth a zeolite slurry and a sourc% of phosphordus, and
spray dryi ndess catalyst vompaoHitidrhis reduired fesconsetsiog, anddbhdee lifatiBes tdsiBt inPat ent

No. 4,987,110 and 5,298,153 relates to a catalytic cracking process using
a spray dri egWat eRRtngLosts.

[0009] Molecular sieve catalyst compositions are formed by combining a
molecular sieve and a matrix material usually in the presence of a binder. The
purpose of the binder is hold the matrix material, often a clay, to the molecular
sieve. The use of binders and matrix materials in the formation 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.

[0010] Example 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 and
5,298,153 relates to a catalytic cracking process using a spray dried attrition
resistant catalyst containing greater than 25 weight percent molecular sieve
dispersed in a clay matrix with a synthetic silica-alumina component; U.S. Patent

Nos. 5,194,412 and 5,286,369 discloses forming a catalytic cracking catalyst of a



resi stant catal yst containing greater than 25 wei ght percent nol ecul ar
sieve dispersed in aclay matrix with a synthetic silica-alum na
conmponentwoOw3®oo4Pat ent Nos. 5,194,412 and 5, 286, 369 di sclpasasot/omss ng a
catal ytic cracking catal yst of a WO 03/000413 PCT/ US02/ 19955 4 nol ecul ar
sieve and a crystalline alum num phosphate bi nder having a surface area

| ess than 20 n2/g and a total pore volu |l ess than 0.1 cc/g; U S. Patent
No. 4,542,118 relates to form ng a particulate inorgani c oxi de conposite
of a zeolite and alum num chlorhydrol that is reacted with ammonia to form
a cohesive binder; U S. Patent No. 6,153,552 clainms a nethod of making a

catal yst, bymoREMiged a‘h'cilardr;\/stélfméiaIWIQrﬁ@h&gﬁﬁt@'bm‘éi'e?ﬂzﬁzmgaé‘smﬂﬁéganl c oxide
sol, and an external phosphorous source Pat ent No.™ 5, 110, 776

i |l ustrat es arbelesothame) or/g aid aatomépmetvehmmiea tham@. lcatea| Si BatewitM.yst by
nodi fying th hosphat ¢ .contai ni ng sol ut.io U. .S Patent
No. 5,348, 645555 fat‘gt rgiat%s&o';‘mﬁ 5?%951&5? IDGARIC 9X1 |°8F1:P9S% dhie zgolifeay and
source of p gpmﬁauﬁl Hiordy @bl % @%Md%wmﬁmoﬁa%% e}s&@t' on No.
4,973,792 is directed to a conversion process using a ornmul ated nol ecul ar
si eve cat al yHEhdepdHPatendNo. 6)b¥eVEX clainisermethsd oPmaking ia@atabfst, bge sol i d

content of the slurry spray_dried, nor any discussion of the anount of
liquid rmedidims Wy @&lﬁ%@@ melgetar sievienan i igpggapig oxgde sql, pad apt Appl i catl on

No. 09/891, 1

nmol ecul ar sﬁ%@%ﬂiltdg gjgrégé&% Sﬁéﬁcg’ég%j P%l. %%ézst?@r?? ﬁh&g‘%ﬁgﬁ%ﬁ’%ﬁm ustr at es
spray dryi ngfa R6fe-c3htaiind eaullas cﬁhlgmy&dmlﬁ@@% metzbomawlthrhlﬂiw tsi |1 ca
sol; U S. Patent No. 5,346,875 discloses a nmethod for making a catal ytic

cracki ng cat@my%ﬁlﬂg)wlﬁﬁ@% hUrfg Petgat Np soa &3 ielatgsdo ﬁpraﬁﬂr%%hzﬁdﬁ@onent of

t he framework st ru e p 0 Maur er, et
al, Aggregat’ F‘bfﬁ‘/%(h alf’ e}ngigppr(gﬁ Egﬁcg\pfl%rlpu%?t Fﬂg8ﬂ’%8wég]e ? lea%énitn Sol s and
Sus pensi ons Aﬂ)ﬁlﬁa‘mﬁﬂﬂo £oeoMRldirefi@d 1P REGH eABIp rogézamé’%@%mgﬂéﬁ@&'sses
zeolite aggregation at or near the isoelectric point Publ i cati on WO
99/ 21651 desuoliebdar sied qatplyst canpdsytsin, hywelveyj thereds no xteptien of thasolical umi na sol
and a SAPO nol eculgﬁi‘ea eve; PCT. Publication WO 0%{105950 gfﬂcal bes making a

catal yst corf98&t? Y SREVEEisaiorane Fiscesinnat i nynennt of i
medium in the SAPO-34 added to the slurry; U.S Patent Application No.

09/891,674 filed June 25, 2001 discusses a method for steaming a molecular sieve
to remove halogen; U.S. Patent No. 5,248,647 illustrates spray drying a SAPO-34
molecular sieve admixed with kaolin and a silica sol; U.S. Patent No. 5,346,875
discloses a method for making a catalytic cracking catalyst by matching the
isoelectric point of each component of the framework structure to the pH of the
inorganic oxide sol; Méurer, et al, Aggregation and Peptization Behavior of
Zeolite Crystals in Sols and Suspensions, Ind. Eng. Chem. Vol. 40, pages 2573-
2579, 2001 discusses zeolite aggregation at or near the isoelectric point; PCT
Publication WO 99/21651 describes making a catalyst by drying a mixture of an
alumina sol and a SAPO molecular sieve; PCT Publication WO 02/05950
describes making a catalyst composition of a molecular sieve containing attrition
particles with fresh molecular sieve; and 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



particles with fresh nol ecul ar sieve; and WD 02/ 05952 di scl oses a
net al | o- al um nophosphate nol ecul ar sieve and a matrix nmateri al
of an i nowganioeo41dxi de bi nder and filler where the nol eculP&r/GSNEY®S3 S

crystalline

present in
wei ght and

an amount |ess than 40 weight percent relative to the catal yst
a preferable weight ratio of WD 03/000413 PCT/ US02/ 19955 5 'the

bi nder to nol ecul ar sieve close to 1. [9011] Al t hough these nol ecul ar si eve
nposi ti ons described above are useful in hydrocarbon conversion

catal yst co
processes,

catal yst co
desirable o
This i nvent

it would be desirable to have an inproved nol ecul ar sie

nposi tion having better attrition resistance and commercially

RAE BRIE? {o¥mABLu&QFvedghsaRs ages. Summary OF The Invention [0012]
des for a nethod of meking or formulating a nolecul ar

i on provi

ve

si eve cat al {801 donposilttiongh drede tnoldctikar sigee tatalgstcompesitiomndgaeitedss f or

converting

the inventi
catal yst co
synt hesi zed
partially d
bi nder, and
produce a f
embodi nent ,
conbi nati on

a feedstock into one or nore ol efin(s).

[
ROV & TGy WO ATGAR RBYLTFIGR PIYCssER Ly PHY bg detirabiaitoar si eve

fHA@? hi szi
nol ecular sieve having not  been dri or
redstandelndroakinngciallyg Hesitayle@petabtite yid £t hdvadtaged. ecul ar

optionallﬁ a matrix material; and (c) formng the slurr
05| eve catal yst conposition. In a preferred

| east twWo oOf

grovg@ﬁlo@hﬂ? gieGé)EnggI%ﬁI Ceglp%%}ﬁ?r)ll ﬁﬁxﬁﬁ’%‘t&%ﬁr a&ﬁ%iﬁr? roviding a

ernatively,

Si eve,
y to

0013]. I.n_one enbodi nent

a

i zed I I i . hesized fr. h
1Y S A B P A " e, o

grotli

phosphor ous HeaAS: si@Rtatiilys®boHThEWHTASAIE St udPinl LAVEMionHrbdiss fresence of a

tenpl ati ng

agent. In a nost preferred enbodinent, the slurry in step (c)

is formed bycogpertipg difgadaigck inio oagot here Qdefesf(ex r ed enbodi nent, the wei ght

rati o of bi
than 0.12 t
solid conte
total weigh

t | I [ in th I [ t [
JO8L0c 0 Ta8Re pRbodnaliae kst Belivebd s BeBelfit , concai s

Thrfafifl @A hRRRU ar gigv@@a[t?l?ﬁtcoﬁfﬁoﬁg_gﬂ,tth@&eﬂﬁgl(bigglgprisi g%ﬁed 0

t of the slurry on a calcCined basis. The s I nCl ude

eater

n the
t he

mol ecul ar siséaps of t(Apphovidiier 3 syautitks opd noikstulay stehehavang not breet érliyadried| n sti ||

anot her

or alternatively, partially dried; (b) making a slurry of the synthesized molecular
sieve, a binder, and optionally a matrix material, and (c) forming the slurry to
produce a formulated molecular sieve catalyst composition. In a preferred
embodiment, the synthesized molecular sieve is synthesized from the combination
of at least two of the group cbnsisting of a silicon source, a phosphorous source
and an aluminum source, optionally in the presence of a templating agent. In a
most preferred embodiment, the slurry in step (c) is formed by spray drying. In
another preferred embodiment, the weight ratio of binder to molecular sieve in the
slurry in step (c) is greater than 0.12 to about 0.45. In yet another embodiment,
the slurry contains a solid content of from about 20 percent to about 80 percent
based on the total weight of the slurry on a calcined basis. The solids include the
molecular sieve, the binder, and optionally the matrix material. In still another
embodiment of any of the above, after step (b) and prior to step (c) the slurry is
mixed until 90 percent by volume of the slurry contains particles having a
diameter less than 20 wm, preferably less than 10 um.

[0014] In an embodiment, the invention is directed to a method for

formulating a molecular sieve catalyst composition, the method comprising the



enbodi mrent of any of the above, after step (b) and prior to step (c) the
slurry is mxed until 90 percent by volune of the slurry contains

particl eswbasioongim di aneter |ess than 20 m preferably | @€3/Uushamoid p. m
[0014] In an enbodiment, the invention is directed to a nmethod for
formul ati ng a nol ecul ar sieve catal yst conposition, the method conprising
the WO 03/000413 PCT/ US02/ 19955 6 stepg of . (a) providing a synthesized
nol ecul ar sieve in the presence of a liquid nedium (b) introducing a

bi nder, and optionally adding the sane or different |liquid nmediumand/or a
matrix material; and (c) mxing and formng the slurry to produce a

formul ated redReH @) p & 8y rithdkSled GRBRFIrksicQB in WO PrQbMce TR lighydt hesi zed
nol ecul ar sieve is not fully dried or partially dried prior to step (a).

In a pref er reediemp diinwoducingrebindeuind optidnaliy addingthe sgmanddiffesenanount  of
liquid medium.priqr to drying is in.the e .of from 20 ight percent to
70 et ght - doiS et Sl Blat it G Rl Movis ped fondmesteyabe and
liquid medi uimdudRaSbehaited biecinidesh I il Ls a

si i coal um noghae diofhidiett molFas nOphos%ﬁgﬁ@éﬁ’ﬁ%’rﬁ’gﬁéc‘ﬁgﬁggi te (CHA)

f r amewor k- t ygyethesized mobculsi gieee isinot fullytdred ot patiabyrtoed pmartto stepdayei ght

rati o of the bi nd]?e‘?r to the nol ecular sieve |s greater than 0,12 to |ess

than 0.45, wWhérRsetsmedsmypdiment ithe Lgyid mediuanisawen prd thegmennl ofliwidve is a
e o ‘ . . Lo
si |i coal um nophosnhal ¢, g%ﬁi—t\g% ng{é%ﬂf'erof?fg?r? b%%bp%ggnéé‘?,ww%h?on arns a

solid content 0? froma ercent to agout eferably

about 35 permedtnt basedbatlic ol pRIgE 0T theaitediraicre ehé tiglikl ynddiam about 40 to
about 50 percent, based on the total weight of the slurry on a calcined
basis. | n Sireferabjethesypthstireenplsailapsieveds aaiigodpminpphasnbate, an he slurry is

m xed until at .|east,90 cent .by. v of solid particles. in the slurry
nave a di andrepnogRE oy A58 harbhed R o el it Molehlef Fgreln T
anot her pr e‘;%'ﬁ A& ERHHINREL, the BRI YRR IR BiRH&!S thd RoRciBL 1R is f or maki ng
a formul ated nol ecul ar sieve catalyst conposition, the nethod conprising
" the steps ofgredter)thaydtlRes iess HygnWi4shwheteimthe dindediswwmatummh esditber si eve from
t he conbi nati on (if at least. t of the %r OﬂP consj st nbg of a %i licon

source, a molecular sieve is a silicoaluminophosphate. In yet another embodiment, the

slurry contains a solid content of from about 30 percent to about 50 percent,

preferably about 35 percent to about 50 percent, and more preferably from about

40 to about 50 percent, based on the total weight of the slurry on a calcined basis.

In still yet another embodiment of any of the above, the slurry is mixed until at

least 90 percent by volume of solid particles in the slurry have a diameter less
than 20 um, preferably less than 10 pm.

[0015] In another preferred embodiment, the invention relates to a method
for making a formulated molecular sieve catalyst composition, the method
comprising the steps of: (a) synthesizing with a liquid medium a molecular sieve
from the combination of at least two of the group consisting of a silicon source, a
phosphorous source and an aluminum source, optionally in the presence of a
templating agent, to form a slurry; (b) removing the molecular sieve from the
slurry; (¢) drying the molecular sieve to a level in the range of from 20 weight
percent to 80 weight percent liquid medium based on the total weight of the liquid
medium and the molecular sieve; (d) combining the molecular sieve with a

binder, and optionally adding the same or different liquid medium and/or with a



phosphor ous source and an al umi num source, optionally in the presence of a
tenpl ating agent, to forma slurry; (b) renoving the nol ecul ar sieve from
the sl urwg03fep13iryi ng the nol ecul ar sieve to a | evel inPChaSPAMYSS of from
20 wei ght percent to 80 wei ght percent |iquid nedium based on the total
weight of the liquid mediumand the nol ecular sieve; (d) conbining the

nol ecul ar sieve with a binder, and optjionally adding the sane or different
| i quid nmediumand/or with a WO 03/000413 PCT/ US02/ 19955 7 matrix nmaterial,
to forma formulati on conposition; and (e) drying and/or formng the

formul ati on conposition to formthe fornul ated nol ecul ar sieve catalyst

CONposi ti on. mhdixanRE&FIE! B TBREIIRM cond sﬁbﬁ;paﬁ&%h%?% j&y 1s dried to

a level in the range of from 30 wei ght percent’ to t percent liquid
medi um pr effermingytheviirmu]atibasedipositioh® foah dhe fvanglatedmholedvdarsieyai d medi um

preferably water, and the npl ecular sieve. |In _another enbodinent, in step
(e) the forﬁi‘fﬂ?&sttic%%%ﬂ%s]inﬁ?f ergd e ﬁ@&leap l%ffﬁaﬁamlﬁﬁyfwwﬂa@m at i on

conposition f: 133 #tl 0S) .  conposi tion.
In a furthera f?g?rlblg |n{3ﬁ§e I’%?(lg%r :‘%&%@%%% tgrz ?{’)e?éﬁ?g)%&%?ﬂgﬁ%q urry and/ or

t he fornul atmediumg pragaabliyivaer] Basedoh et tbial weightioff ttle lighidfesdadrthy the liquid
is the sanme as the liquid_ mnedium and nost preferably the liquid is water.

I'n anot her pefeerblewates g dhavsateculentievretln saother eophadimentpini st eh tat ep (1)
o e SRS T A S B RRTRRBL e o™

| n anot her en‘go n

sieve is in thhermi 8leUBrila@t @adieduldriaRe Qatdlyst @nlpR8Siohh&a Qirfher Pref erably in
the range greater than 0.12 to 0.45, and nost “preferably in the range of

from 0. 13 t ccralolimendt, gudor tbstepés) andvor (egrthesiboyiand/nt theffornarstianf t he above,
slurry contains a.sol.id content. of. fram abqut.. 35 percent to, ahou 50
percent bas e‘iﬁ’n&ﬁ’sit‘r?&li i3 eg\)\%iaé)‘ﬂ’t“dof’re&%balg ﬂ'l?rlﬂ}u%ﬁ ﬂéle %ag}ec?rsﬁé?j IPd€is. In
still —anot harq;gmbodi g%&tpreﬁera%ﬁytheﬁi]qaﬂaqs ARRYCTn 4dthet gfg[?érpédng of the slurry
conprises the step of mxing the slurry conprising Iquid and solid
particl es undmbodahedtethetmetBéd foetherestimpaisey obtapne) af whisk tisofordlujaaxdt i cl es have
a dianeter less than 20 m preferably less than 10 m )

molecular sieve catalyst composition is calcined. In another embodiment, the

weight ratio of the binder to the molecular sieve is in the range of greater than 0.1

to less than 0.5, preferably in the range greater than 0.12 to 0.45, and most

preferably in the range of from 0.13 to about 0.40. In yet another embodiment of

any of the above, slurry contains a solid content of from about 35 percent to about

50 percent based on the total weight of the slurry on a calcined basis. In still

another embodiment of any of the above, the combining of the slurry comprises

the step of mixing the slurry comprising a liquid and solid particles until at least
90 percent by volume of the solid particles have a diameter less than 20 um,

preferably less than 10 pm.

[0016] In yet another embodiment, the invention is directed to a process for
producing olefin(s) in the presence of any of the above formulated molecular
sieve catalyst compositions. In particular, the process involves producing
olefin(s) in a process for converting a feedstock, preferably a feedstock containing
an oxygenate, more preferably a feedstock containing an alcohol, and most
preferably a feedstock containing methanol in the presence of one or more of the

formulated molecular sieve catalyst compositions discussed above.



[0016] In yet another enbodinment, the invention is directed to a process
for producing olefnm(s) in the presence of any of the above fornmnul at ed

nol ecul arwogBewa1Eat al yst conpositions. In particul ar, thecprusors®si nvol ves
producing olefin(s) in a process for converting a feedstock, preferably a
feedst ock containing an oxygenate, nore preferably a feedstock containing
an al cohol, and nost preferably a feedstock containing nethanol in the
presence of one or nore of the fornulated nol ecul ar sieve catal yst

conposi tions discussed above. WD 03/000413 PCT/ US02/ 19955 8 Detail ed
Description O The Invention Introduction [00171 The invention is directed
toward a nolp&ulidd DSGHRIGPORINES Inven@@ROSI tion, its making, and to its use
in the conversion of a nydrocarbon feedstock into one or nore ol efin(s).
The nol ecul dntideedorat al yst conposition is made or forned fromthe

conbi nati on nol ecul.ar sieve,. a hinder, and optionally, nost
preferably, @B]’rﬂt rix 1gyqugpn 151‘§}fﬁcf?glt?‘§arﬂﬁ‘ IP&EC‘&F’FSI%YG&"‘F@WM cal ci ned

nol ecul ar si =3 ' ' i i ial. However,
it has been @@8?@8@%&%@%&@%? B%Jéglgl%e gdh%ﬁg{eoélu tgrﬂy?féeg\%@%glhat has not
been ful ly deédecklinto dns o arbé olefin@).t Themblicbuler siavreacilysd compoditiormdt eri al an
i nproved fornmul ated nol ecul ar sieve catal yst conposition is nmade. In
particul ar, medsgydorngkfrem she comghingipnpbiadeelpalarsievgca hinger, anci nder and/ or a
matri x materjal I i king a formil ated | ecul ar si eve catal yst
conposi tion ({r@\%%}gﬁéﬁ%&g\ﬁe’gw&s%s %r%%ertlao' EP'PIF?I?)?%% © Fsd%l’eggﬂl ts in an

i nproved catcalcnsdd heleRas didvers combiBed ®8th aibaiter hid/BF AaixNHaeRart in a
conversion processes, and therefore having an extended catalyst life.

Addi t i onal | yHowerer,dbhasibeemgurphisinglylfeend that usingveemalerear siewe thatyhasmesi s al so

reduces the cos ssociated with the synthesis and al so inproves its

suscept i bi | 450 %‘B%dz%’ttﬁ%f F%rﬂélgg(i)ggpé%@qr ﬁn{f/?rsa g@g%éteggl% ansportati on.
[00181 1t haspBaRA rsAQNtol i1 Movl ki 2oilBlibA% BRI pRRIGRRL OF the
nol ecul ar sieve in the total catalyst co%poa tpl on is i rrportgnt. wever, it

has al so besmgsupatialsi driigdymblearar didvatwitthebindéerginid/or atmarieindtdraal bi nder to

t he nol ecul ar . . . s .
results in making a formulated molecular sieve catalyst composition having

improved resistance to attrition. This results in an improved catalyst composition
more resistant to breaking apart in a conversion processes, and therefore having
an extended catalyst life. Additionally, not calcining the molecular sieve after its
synthesis also reduces the cost associated with the synthesis and also improves its
susceptibility to deactivation especially in its storage or transportation.

[0018] It has been known in the art that varying the weight percent of the
molecular sieve in the total catalyst composition is important. However, it has
also been surprisingly found that the weight ratio of the binder to the molecular
sieve, especially where the molecular sieve is partially dried as discussed above, is
important to making or forming an attrition resistance catalyst composition.
Without being bound to any particular theory it is believed that when the weight
ratio of the binder to molecular sieve is too high then the surface area of the
catalyst composition decreases resulting in lower conversion rates, and when the
weight ratio of the binder to molecular sieve is too low then the catalyst

composition will break apart into fines more easily.



sieve, especially where the nolecular sieve is partially dried as discussed
above, is inportant to making or formng an attrition resistance catal yst
conposi t iwn.o3/0Miuthout bei ng bound to any particul ar theor yCirtusoz19984 i eved

t hat when the weight ratio of the binder to nolecular sieve is too high
then the surface area of the catalyst conposition decreases resulting in

| ower conversion rates, and when the ight ratio of the binder to

nol ecul ar sieve is too |low then the catalyst conposition will break apart
into fines nore easily. WD 03/000413 PCT/ US02/ 19955 9 [00191 It has al so
been di scovered that in addition to the dryness of the nolecular sieve and

the binder t[go1®)| eculiphasSii@Viseeh AlscOverll fhBCinT2a0Ah3S tRMrPlesdof B! ecul ar
si eve catal yst conposition, that the anbunt of solids present in a slurry

of the nol ecublaculsi Beee anddhe hiadéyi tnderlecudgptsievn adtloyinitine fomdiragiom ofrat r i x

material, used in a spray drying.process for exapple is inportant. \Wen
the solids cBREEHR Geve ({af%ysg P?\}PP%IHE%‘% 56 themamt pRplids gresentdn asREyt i on

resi stance i ; - Sl . 3 i1 is
T educed Tt ERERbIERIAP ick {nd e BldeSlopicaBY SnARRE Y Mo ORI WO L2,
di scussed ahewspalyshiyidgtpesdesnfes exdigple éviedponbniatWher theRolidsa®nshaste a

particul ar nol ecul ar si eve cat al gst conposition has. Ml ecul ar Si eves and
Cat al ysts THBe slgryiptepdews teckieh thesatisifion repisiance pronseies of die malecad

physi cal, franmew) characteristics..Ml ecular sieves have.been wel |
Cl et 11 ed B enariet oEPBH R et SRt B sl HE BB EE e
Associ at i on ¢ 6RkeiliRebviefied RiScuskdd®Ho0t alkh GetetBAGHENTH 55418 RIAN Zeol ite
Nonencl ature. A framework-type describes the connectivity, topol ogy, of

t he t et r ahedesibthgcegopartiéulait reoleatlamgeveoatalyist campagitidnchasf r anewor k, and maki ng
an abstraction of the specific properties for those materials.
Framewor k-type zeolite and zeolite-type nol ecul ar sieves for which a

structure hagoResr&iival hhd telalvis TRssroned a three letter code and are
descri bed i wor k Types, 5th edition, Elsevier,

London, Engl[a6zb] ( 20Mdlecwiti Géves haveevagions Ehdnbiyaliand phpocaf feandyorkef er ence.
[00211 Non-| cihglatc‘éeggti%).( IE%/IrE}:l)el:c% ar(g{evéshl(laasvg brergrl \(?vglllJ lclz?lgsit%(iedet\)/}? ’;SheaSI;:r%c‘Eurr]ee small pore
Commission of the International Zeolite Association according to the rules of the
TUPAC Commission on Zeolite Nomenclature. A framework-type describes the
connectivity, topology, of the tetrahedrally coordinated atoms constituting the
framework, and making an abstraction of the specific properties for those
materials. Framework-type zeolite and zeolite-type molecular sieves for which a
structure has been established, are assigned a three letter code and are described in
the Arlas of Zeolite Framework Types, 5th edition, Elsevier, London, England
(2001), which is herein fully incorporated by reference.
[0021] Non-limiting examples of these molecular sieves are the small pore
molecular sieves, AEI, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA,
CHI, DAC, DDR, EDIL, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI,
RHO, ROG, THO, and substituted forms thereof, the medium pore molecular
sieves, AFO, AEL, EUO, HEU, FER, MEL, MFI, MTW, MTT, TON, and
substituted forms thereof; and the large pore molecular sieves, EMT, FAU, and

substituted forms thereof. Other molecular sieves include ANA, BEA, CFI, CLO,
DON, GIS, LTL, MER, MOR, MWW and SOD. Non-limiting examples of the



nol ecul ar sieves, AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH,
DAC, DDR, EDI, ERI, GOO KFI, LEV, LOV, LTA, MXN, PAU, PH, RHO ROG THO
and substwouwsmab4idr ns t hereof; the medi um pore nol ecul ar PEiTASe%1998F0, AEL,
EUO HEU, FER, MEL, MFI, MIW MIT, TON, and substituted fornms thereof; and
the | arge pore nol ecul ar sieves, EM, FAU and substitut ed forns thereof.
O her nol ecul ar sieves include ANA, B DON, @S, LTL, MER,

MOR, MAW and SOD. Non-limting exanple of the V\D 03/ 000413 PCT/ US02/ 19955
10 preferred nol ecul ar sieves, parti cuI arly for converting an oxygenate
containing feedstock into ol efi n(s), include AEL, AFY, BEA, CHA, ED, FAU,

FER, G S, LpT@f’errlea- bnol&eBr sIks, pMRalaly For A}M\Wrtﬂé% BRfbeh by coﬁ?irngf% preferred

enbodi ment, 't he nol ecul ar si eve of the inventionh has an AEl wor k-t ype
or a CHA frfae@mkknﬁoyﬂeﬁn(m); iglucle AEIN AR YO BEASCHA; EDNOBAUPFEReGE)| y a CHA
framewor k-typ T*%c[thﬂ 22 Nbl e |ar. sieve materials all have 3-di nensional

f ramewor k O%:EMFTnW T aad d4% | Ingnemseterrpd any
Letrahedral | gLl {h[%tfﬁﬁe&ﬁ&zrles?eg of PESFARLERE AL AR BYGBRELPYBE S LY

descri bed |n erns rin I nes a po where the

si ze is basefdCHA ﬂr&lﬁe@bﬁﬁhﬁpe@ﬁafomahﬁﬁﬁn tmréoman@st@gafe@bl ercHAarrework type
characteristics includ e arrangenent of rings that forma cage, and

when pr esentframéworliitiiphisi on of channels, and the spaces between the cages.

S Bek I d d, P
Second ComplIGVEHy ReWVblsti GO/ uRat SRR biinBio S otk ages 167,

Fl sevi er Scisefire 8 dhmer MIBHAL FOMCbRINENRAIP il 200LkandiAR3] The smal |,

medi um and | arge pore nol ecul ar $ieves have froma 4- ring’to a 12-ring or
greater fr arr@mnhkate@pmonl ﬁhasqmel‘eemlme&ie@ﬂbmhypmmlﬂy detshnbedzmcuérrnsmf thol ecul ar

si eves have 8- ing structures or larg nd an average pore
size in the Sﬂ%ﬁf@“éh%fmg Fltﬁ‘ﬁfi%f[b‘t?ﬁtap?}@ pare ﬁwzmb( %@1@ ngmeeket kg

enbodi nent, 8ol 0BLDERVR AR MR bt?dg’mcq{ufgtﬁéﬁglaﬁ’ ement

silicoal um no os ate ecu ar sie ave 8- rings an verage pore
si ze of rings that form a cage, and when present, the dimension of channels, and the

spaces between the cages. See van Bekkum, et al., Infroduction to Zeolite Science
and Practice, Second Completely Revised and Expanded Edition, Volume 137,
pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands (2001).

[0023] 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.
[0024] Molecular sieves, particularly zeolitic and zeolitic-type molecular
sieves, preferably have a molecular framework of one, preferably two or more
corner-sharing [TO,] tetrahedral units, more preferably, two or more [SiO,],
[A10,] and/or [PO,] tetrahedral units, and most preferably [SiO,], [AlO,] and
[PO,] tetrahedral units. These silicon, aluminum, and phosphorous based

molecular sieves and metal containing silicon, aluminum and phosphorous based



| ess than about 5A, preferably in the range of from 3A to about 5A nore
preferably from 3A to about 4.5A, and nost preferably from 3.5A to about

4. 2A. [ OWD4ap/odMalecul ar sieves, particularly zeolitic andPzealSoy/iesi ype

nol ecul ar sieves, preferably have a nol ecul ar framework of one, preferably
two or nore corner-sharing [TO4] tetrahedral units, nore preferably, two
or nore [SIO4]1 [AI O4] and/or [PO4] tefrahedral units, and nost preferably
[SiO4], [A1X4] and |[PO4] tetrahedral unlts These silicon, alum num and
phosphorous based nolecul ar sieves and netal containing silicon, alum num
and phosphorous based WO 03/000413 PCT/ US02/ 19955 11 nol ecul ar si eves have

been descri hggletulatgéas hatdbdtdMRE@BSd RUMAIE B AudkoisibUeitRBs lﬁcﬁfdlﬁ%arml e,
U.S. Patent No. 4,567,029 (MeAPO where Me is , M, Zn, or

Patent No. 4onagngis, I(JSAB@yntIEmHoﬁcﬁéeﬂwFéMeémO melM%ltﬂMg,Mﬁ Zn@r159 624

s et ottt Bl 162 o T (410, Elowers PRt Aprtisiop b Al ses 215

4,744, 885 7 7 APSO
134,00 (EARSQUELBRoh 005k 0I5, S R, 101 TRy,

Mh, Ti or Zrn), U.SSPaRat Nt 4,564,145 mapay)w(ma@at)s NER; mggmagésaﬁmx SENAPSO) ,
U.S. Patent No. 3, 460 (L| APSO Patent No. 4,789 535 (LIAPO, U.S
Pat ent No. 4*6‘512832”'5%’ J&3-A-¢) L2 9’#%@%9 SNBatent Nodh, %3@721(6@ O,u. s

Pat ent No.

Pat ent s NosSEIQ %@3834%@6@@930@@? ?(ﬁ%@ﬁ%ﬁ 9 é%b%?fgensﬁsﬁ&g%% 758, 419,
4,882,038, 3JVIA3H, @32n)aU®. PaddBNG 83 (0MHORBEDPO,)UEB.A-Baento NSENAP§5§1 143 -
(FeAPO), U.S. Patent No. 4,894 213 (AsAPSO, U.S. Patent No. 4,913,888

(AsAPO), U. 3J.SpRetentNo.M:873,4p0d86ABS0), lhsaﬂ%e@%\b éﬁaw?gam UNhAPSO), U.

e NS B8 0108 By SN Bhas Lfézf@ﬁﬁtﬁmy% 801,300,
4,684, 617 aflﬂlte’ht&ﬁps@gﬁzéﬁg SD), IEJSSPatE’I?eWMSBNCB‘S 7 (6rBPYOPYLs. 4,551, 236
and 4, 605, 492 (Ti APO Patents No. 4,824, 554, 4,744, 570" ( CoAPSO) ,

U.S. Pat entPainis Mo 3157 808 9( GadRSD), I(ET(C&A@OQQU SgBé‘te(l@l\l?SO},Nﬂqétse Qis
4,882,038, 5,434,326 and 5,478,787 (MgAPSO), U.S. Patent No. 4,554,143
(FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S. Patent No. 4,913,888
(AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and 4,793,833 (MnAPSO),
U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO), U.S. Patent No. 4,737,353
(BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S. Patents Nos. 4,801,309,
4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos. 4,500,651, 4,551,236 and
4,605,492 (T1APO), U.S. Patents No. 4,824,554, 4,744,970 (CoAPSQ), U.S.
Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO, where Q is
framework oxide unit [QO,]), as well as U.S. Patents Nos. 4,567,029, 4,686,093,
4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164,
4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of which are
herein fully incorporated by reference. Other molecular sieves are described in R.
Szostak, Handbook of Molecular Sieves, Van Nostrand Reinhold, New York, New
York (1992), which is herein fully incorporated by reference.

[0025] The more preferred silicon, aluminum and/or phosphorous
containing molecular sieves, and aluminum, phosphorous, and optionally silicon,

containing molecular sieves include aluminophosphate (ALPO) molecular sieves



framework oxide unit [QQZ]), as well as U. S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801, 364, 4,853,197, 4,917, 876,

4,952, 384w04308B13164, 4,956, 165, 4,973,785, 5,241,093, 5peIA0E&®9aNd
5,675,050, all of which are herein fully incorporated by reference. Qher
nol ecul ar sieves are described in R Szostak, Handbook of Mol ecul ar

Si eves, Van Nostrand Rei nhol d, New York New York (1992), which is herein
fully |ncorporated by ref erence. [0025]2The nore preferred silicon,

al um num and/ or phosphorous contai ni ng nol ecul ar sieves, and al um num
phosphorous, and optionally silicon, containing nmolecular sieves include

al um nophos phatgicoAkRRogBs St GAPE)eNSENR s@e@%ﬁ%stﬂ@@d?@%ﬂbﬁ?% 12

and silicoal um nophosphat e ( SAPO) nol ecul ar si eves and substituted
preferably meuldubshitbted] ALPOMNdAARO awtecSlaPOeves. dthelnaost piefareesl.  The nost

referred rmleclar Si eve PO npl ec r sieves, a taI
gubst! t ut ed TEH arn%‘?"ééﬁ%{a A]g(isé‘ifi Eﬁr ﬁleé{ﬁs G B’(Tﬁllré‘:{hs m’(t‘?fgg is an
al kal i met al%@fec&%@veF Ailn é@&fﬁ@ﬁ@ et i Ok Eﬁmmo a&#a' | ne

earth netal G ou Perfo enent's, 'a rare earth

metal of G cth@PbIhchc Tahsie lof Biengentshen alkalmieh@mhdﬁaal dfa}rbhlaH!Amftﬁerl um
pr aseodym um ne samarl um  europi um gadolinium_ terbium
dysprosi um CJ‘YF\ IQIF%PHtﬁaFﬁﬂaFWh mtﬂlé}f@fghﬁ’ HH3, inglpdingihy and scandi um

or yttrium h T ransition metal of G oups
Ve VB, v aﬂ@}"ﬁﬁf A ?tﬁﬁﬂuf%%gﬂﬁla bR B ey bl 3B enent s, “or
m xtures of q@Rpigh $IRERUAEtEbiusdagi@esiuh hélR@um PiBuel Hediveybodi ment, the
nmetal is selectedfromthe group consi sting of Cr, Cu, Fe, G, Ge My,

Mh, Ni, Sn, yherbizm aaddutgtiymasnd sendiunes yittemedithe PericaioT 4hde of preferred
enbodi nent hese net al toms usse e S o the

f r amewor k ofélgmﬁ%tﬁ’eacﬁraﬁﬁl @?Piﬁ%’&{?@ﬁ t% Xﬂ]édeyta[g %Ir'q[itlﬁ E[bﬁ)fas [ MeQ2],
and carry e érgp&fq e al
substi t uent athélgg%nﬁe}gggrrl%fbg,ggl n o%gogllr%tl)%tgﬂ%?réﬁt mgﬁs@?ﬁ&al%e& slg‘ggtl t uent

has a val enqeefstrad embbdinredt, the3netallis selﬁcte(bfrortﬁtheIghmm’mhsm:thgqf@@trl he
tetrahedral unit is between -2 and +2. [ 00261 In one_enbodi nent, the

mol ecul ar si@4d'e §3 @eddeiMadVi Rk %né‘fld ¢heand mixtures thereof. In another

preferred embodiment, these metal atoms discussed above are inserted into the
framework of a molecular sieve through a tetrahedral unit, such as [MeO,], and
carry a net charge depending on the valence state of the metal substituent. For
example, in one embodiment, when the metal substituent has a valence state of
+2, +3, +4, +5, or +6, the net charge of the tetrahedral unit is between -2 and +2.
[0026] In one embodiment, the molecular sieve, as described in many of the
U.S. Patents mentioned above, is represented by the empirical formula, on an
anhydrous basis:

mR:(M,ALP,)O,
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M,ALP,)O, and m
has a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of M, Al and P as tetrahedral oxides, where M
is a metal selected from one of Group IA, IA, IB, II1B, IVB, VB, VIB, VIIB,
VIIB and Lanthanide's of the Periodic Table of Elements, preferably M is
selected from one of the group consisting of Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn, Ni,



U.S. Patents nentioned above, is represented by the enpirical fornula, on
an anhydrous basis: nR (MAIyP)OQ2 wherein R represents at |east one

t enpl at i nyoagmmi413 pref erably an organic tenplating agent PCHUSS2/199685 nunber
of noles of R per nmole of (M,AlyP)Q2 and m has a value fromO to 1,
preferably 0 to 0.5, and nost preferably fromO to 0.3; x, vy, and z
represent the nole fraction of M A ang, P as tetrahedral oxides, where M
is a netal selected fromone of Goup IA HA 1B, 1I1IB, VB, VB, VIB, VIIB,
VI11B and Lanthani de's of the Periodic Table of Elenments, preferably Mis
selected fromone of the group consisting of Co, Cr, Cu, Fe, G, G, M,

M, N, WO O GO0zl %1/ 198 2mb38kfent, 13 isSiteatdt thad Br &R 6702,/ Ad&Ny

embodi ment, in is greater than or equal to 0.2, and X, y and z are greater
t han or equaindtzoaregEater thanameqird to 85bhodh amther embodimpangan év gredtantha®. 1 t o

about 1, x i reat than 0 tp about, O, .1.s.in the n of fromO0.4
Foo. 5 and b ST 4 B eRer Bt R e 035, ¥is'iB s Foh o BREP ol » o e
fromO0.15 t v X i Bef i L nd z is
fromoO. 3 to%O.S,’%na[Zdééﬂ?%el{%%é}o?r%% %} %'gs@gﬁfp‘?ﬁé’?% fe%{y Oméﬁgggf%%s Fr%l ecul ar
si eves of the7,: nvem DO to O, ydefrome.oto @S camdtx 18 itoimoh 3 o6 0SAPO- 5, SAPO- 8,

SAPO- 11, SAPO- 16, SAPO- 17, SAPO- 18, SAPQ 20, SAPO- 31, SAPO 34,  SAPO- 35,
SAPO- 36, SABBRH7, SARM-Umitinggsemples o5AAE O and AaPdymolequiprsievenplthe No.

6, 162, 415) , - égsi} 7 56, ALBRpHLs AFRe18 4 ph- ;. ALPO- 34,
ALPO- 36, ALF@ EOﬁAE%@:%,e ogﬁdj%hn@?gl%b{:lgksal ni fr’fg no egcg ar fg%\]‘})eos t her eof .
The nore prefespned-12HARO-18Y SAPODL R SWPD-3 5] VEG-34NSABAE ) SA POY-36

conbi nati on of SAPO 18, SAPO- 34, SAPO 35, SAPO- 44, SAPO- 56, ALPO-18 and
ALPO 34, eve?ARDr3, BARLFASAPre, SAPQ-LofdiPRat4 GASoPaterP®. 18, SAPO- 34,

st pret or dblShe SRPG-ToNareae of e SLARRoRE L e GBSO e 2
cont ai ni ng nRJl POW4AATPRYESAL PEFOAL P &Ad WetARRARAY MBREulat he Mol ecul ar
sieve is an intergromh materi al

sieves thereof. The more preferred zeolite-type molecular sieves include one or a

combination of SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-56, ALPO-18

and ALPO-34, even more preferably one or a combination of SAPO-18, SAPO-

34, ALPO-34 andAALPO-18, and metal containing molecular sieves thereof, and

most preferably one or a combination of SAPO-34 and ALPO-18, and metal

containing molecular sieves thereof.

[0028] In an embodiment, the molecular sieve is an intergrowth material

having two or more distinct phases of crystalline structures within one molecular

sieve composition. In particular, intergrowth molecular sieves 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, preferably the molecular sieve has a greater amount

of CHA framework-type to AEI framework-type, and more preferably the ratio of

CHA to AEI is greater than 1:1.

Molecular Sieve Synthesis




having two or nore distinct phases of crystalline structures within one

nol ecul ar sieve conposition. In particular, intergrowh nolecul ar sieves
are descrwbedoow@13the U S. Patent Application Serial No. @@raRdey/omsfiled
August 7, 2001 and PCT WD 98/15496 published April 16, 1998, both of which
are herein fully incorporated by reference. For exanple, SAPO 18, ALPO 18
and RUW 18 have an AEI framework-type,1 nd SAPO 34 has a CHA ’
framewor k-type. I n another enbodi nent, ZEihe nol ecul ar sieve conprises at

| east one intergrown phase of AEI and CHA franework-types, preferably the
nol ecul ar sieve has a greater amount of CHA franmework-type to AEl

framewor k-t yjaez91and S yRILRES bARbYechREsiERLIQd&Erib&HA i/ AfFkhd S greater
than 1:1. Ml ecul ar Sieve Synthesis WO 03/000413 PCT/ US02/ 19955 14 [00291

The synt hesirsfaénmptiscuskat atwivev Eenérsllyl esdedtbadiavas manynthésitdidy thef er ences
di scussed ahove. Gen?rall nol ggul ar sieves are synthesized by the

hydr ot her nal RYSFgthemnal coystallizatign Ohone Q5mopg ok a spurge QAIMRIIG, asPukeERtim  a

sour ce of %§§l&%&u§so&a?B%g&crg%ltéhﬁlhﬁ%‘a cftt bETRL A RgnAGEN . and a

metal containin cofrpoun I y, a corbination of sourc of silicon,
al um num ancconghsaphdypidslly, apbinbiratiby ofsduiced RE sidicomiheningmpindt i Ng agent s
and/or one or nore netal containing conpounds are placed in a seal ed ‘
pressure vesdepphaspys, eptaenally withreae apjnraie fmplating agenig snd/er enrr raere

pol ytetrafl ugroet hyl.ene, and heated _under crystal lization pressure and
Penper at ur o. et 1PTEE oBRbpR RS e P Rroo B Bt By b fEp B o, and

then recoveriagdbyitf id inkatilRic se@spolHa TR BIR! anddRERAL dl¥dr a [ 0030] For
purposes of this patent application and appended clains, the term "not

bei ng ful | y dyiteltization predsiveedttemperature entileecrysinldine mpheontresieve he si eve as
obtained after synthesis h not been. dried up to the condition where the
nol ecul ar sir%tgnﬁl&é ?‘H&?ﬁ’ ﬁﬁstéff‘ Fseveiet g%gﬁ@lﬂﬁ’gvo‘?em[”(%%af]‘mlﬂmi %bur poses of
this patent applidfati on and appended clains, the term"partially dried" is

defined to includ€ drying the nolecular sieve to a |evel
[0030] For purposes of this patent application and appended claims, the

term "not being fully dried" is defined to include the condition where the sieve as
obtained after synthesis has not been dried up to the condition where the
molecular sieve has been dried but not calcined.

[0031] For purposes of this patent application and appended claims, the
term "partially dried" is defined to include drying the molecular sieve to a level
wherein, after drying, the molecular sieve contains an amount of templating agent
in the range of from about 50 weight percent, preferably about 60 weight percent,
more preferably about 70 weight percent, and most preferably about 80 percent to
100 weight percent of the original amount of templating agent used to form the
crystalline molecular sieve material or the synthesized molecular sieve originally.
[0032] In another preferred embodiment, the molecular sieve is wet,
preferably with water. Most preferably, the molecular sieve is in the "wet filter
cake" state, which means that the molecular sieve has been recovered after
molecular sieve crystallization and dried, preferably partially dried. In the wet
filter cake state, the template has not been removed or has only been partially

removed from the molecular sieve.



wherein, after drying, the nolecul ar sieve contains an anmpbunt of tenplating
agent in the range of from about 50 wei ght percent, preferably about 60
wei ght pewoeatgo41dore preferably about 70 wei ght percent, PaRWSOLEMSS
preferably about 80 percent to 100 wei ght percent of the original anount
of tenplating agent used to formthe «crystalline nolecular sieve materi al
or the synthesized nol ecul ar sieve origjqually. [0032] In another preferred
enbodi ment, the nolecular sieve is wet, preferably with water. Most
preferably, the nolecular sieve is in the "wet filter cake" state, which
means that the nol ecul ar sieve has been recovered after nol ecul ar sieve

crystal | i zatfoossjand dnioad papicehesabbdimpat tﬂeaﬂé;}syamﬁé @6lechiar §ibge wet filter
cake state, the tenplate has not been renoved or has only been partially

removed fr ornetaealpsitewyngiesigrdpelecvipr gy oBORtignabigTrisdopefeoaspin 4i5 [ 0033] In
one particular .enbodinent. the crystalline nolecul sieve, . material or the
synt hesi zed tﬂﬁlleé‘gggf%?h@fltét{?%s rghegb%/eﬁéqgé?qu\i}araﬁv% as 1ﬂf}raﬂtg-ff Bgs P e HEPW, to a
level such thabighhSersamtdgsour 80 wandhe petkat 1LRY Bref@shl R iof from
about 0 wei ght1 p)ggecrent to abougw%o \gvei ghti%lpefgrent Iiygvtﬁegk?th%fﬁg%grlgbl y where
the |iquid iwatemhtsed onlibstdthl greightef thetsahtheszagihholetulbihsteveyant igaidz ed

nol ecul ar si ev d. liquid, referably_the range is fromgreater than 5
wei ght perc&{?f%fagpya%lﬁ%g?dsﬁé pater Bt & MielshiBeraen ie pauA P wetghm about 10

wei ght per ng%}cehg n?&gggef%rtgblggkgﬂﬁb%&qb%' hé t@f&%t%%%&@%ﬁ%' y from about

20 wei ght percent to abo wel ght  per termnation of the

per cent age qferdentjand nist prefpmatdy fredi abousZ@wkizht pdrednt eNitdaec0ivelstfipl ate for
pur poses of this patent specification and appended clainms uses a Thernal
Gravimetric BEBH&ERYsis (TGA) technique as follows: An  amount a SAPO- 34

Cann. TG 121 W Eobal wrdamile g B Srvisthe RGP Bl i na B0, Cos,
Cel o, fBcgethatil tagipauens o hoSliosel gt oL v
for 3 hours camansesa ThesmabGevimelfictAnalyssdipide tecboome ss dlestsaAn. The

amount a SAPO-34 molecular sieve material, the sample, is loaded into a sample

pan of a Cahn TG-121 Microbalance, available from Cahn Instrument, Inc.,

Cerritos, California. During the TGA technique, a flow of 114 cc/min (STP) air

was used. The sample is then heated from 25°C to 180°C at 30 °C/min, held at

180°C for 3 hours or until the weight of this sample becomes constant. The

weight loss determined as the percentage to the starting SAPO-34 molecular sieve

material is then regarded as the percentage of the liquid or liquid medium.

Subsequently, the sample is heated at 30°C/min from 180°C to 650°C and held at

650°C for 2 hours. This weight loss as a percentage of the original sample weight

during this treatment is regarded as the weight loss of the templating agent. The

total weight loss as a percentage in terms of the original first sample weight

during this entire TGA treatment is defined as Loss-On-Ignition (LOI).

[0035] In a preferred embodiment, the crystalline molecular sieve or

synthesized molecular sieve is used directly after recovery from the molecular

sieve synthesis mixture without drying after synthesis, and then forming the slurry

of the crystalline molecular sieve or synthesized molecular sieve, binder, and



wei ght | oss determ ned as the percentage to the starting SAPO 34 nol ecul ar
sieve material is then regarded as the percentage of the liquid or liquid
medi um Bolseoudent |y, the sanple is heated at 300 m n fr @CTABOLZIMSS 650C
and held at 650C for 2 hours. This weight |oss as a percentage of the
original sanple weight during this treatment is regarded as the weight

| oss of the tenplating agent. The total. weight |oss as a percentage in
terms of the original first sanple weight during this entire TGA treatnment
is defined as Loss-On-Ignition (LO). [0035] In a preferred enbodi nent, the
crystalline nolecular sieve or synthesized nol ecular sieve is used

directly af t@ptioh8GAMEK ¥nftéRiN dodehdPlboaatka the ﬁhﬁy@m@ﬂmm&b@m@lé&éﬂ e w thout
drying after synthesis, and then fornming the slurry of the crystalline

mol ecul ar S|®t6éy8(bp0my<bﬁtﬂh@50fszdlrrmhMI ar sieve, binder, and WD 03/000413

PCT/ US02/ 19 16ot|on X,.mat eri al dthenforrrulat the slurry
into the m)glgg’?ﬁ]a sﬁ%@é’m 8’5‘?@ f%?dl@ﬁﬂtﬁégfnf’;l%li apPLeY et HRRESIZ8A bY[ 0036] In

a preferred f%ﬂmd'a%gﬁuoh odiel @@&Jéo%i‘«ce%f%ﬁﬁanaars%uﬁaéorb;ffag%@nﬁgugyomé@r mng a

reaction pI‘OdUCt a So I‘CE of silicon source m a source of

phosphor ous oquho@mmuspaﬁ agpiiatenngatbgedyent, preféretlslnytregeni conagemg cont ai ni ng
organi c tenpl ati. ng Pgent This particularly preferred enbodi nent results in
the synt he<irgam feanplatingcaganty mopATBep bt @reﬁqrvétem eimengeesals iy the hat i s

then i sol at ady i | LB Ofin SRALALLURALL AL, AR ASE AN ifihyed 007)

Non-1limting’exanp ources 1Nnc e5||ca ned silica,

for exanple ﬁlﬁ@[ﬁ@ﬁlchntamgaﬁu@aﬂlca@ﬂ &chitiip Degussa Inc., New Yor k New York,
and CAB-O-SIL M5, silicon conpounds such as tetraal kyI ort hosi | i cat es,

for exanple, [Oﬂé'ﬂr amet¥op- 11@tttwmplﬁapé81(l¢mr®ﬁ@0d1&er3§&atﬁﬂ fomedosi | i cate
(T08) O S O RO SRR PSR S8 T
it i o sl b oo
exanpl es of fal exmimplentstoumeatled orthofilidete ETMAISH and tetraethylorthosilicate

(TEOS), colloidal silicas or aqueous suspensions thereof, for example Ludox-HS-

40 sol available from E.I. du Pont de Nemours, Wilmington, Delaware, silicic

acid, alkali-metal silicate, or any combination thereof. The preferred source of

silicon is a silica sol.

[0038] Non-limiting examples of aluminum sources include aluminum-

containing compositions such as aluminum alkoxides, for example aluminum

isopropoxide, aluminum phosphate, aluminum hydroxide, sodium aluminate,

pseudo-boehmite, gibbsite and aluminum trichloride, or any combinations thereof.

A preferred source of aluminum is pseudo-boehmite, particularly when producing

a silicoaluminophosphate molecular sieve.

[0039] Non-limiting examples of phosphorous sources, which may also

include aluminum-containing phosphorous compositions, include phosphorous-

containing, inorganic or organic, compositions such as phosphoric acid, organic

phosphates such as triethyl phosphate, and crystalline or amorphous

aluminophosphates such as ALPO,, phosphorous salts, or combinations thereof.

The preferred source of phosphorous is phosphoric acid, particularly when

producing a silicoaluminophosphate.



cont ai ni ng conpositions such as al um num al koxi des, for exanple al um num
i sopr opoxi de, al um num phosphat e, al um num hydroxi de, sodi um al um nate,
pseudo- boxbrBoend1yi bbsite and al um numtrichloride, or anpCtarsbd/resi ons
thereof. A preferred source of alumnumis pseudo-boehmte, particularly
when producing a silicoal um nophosphate nol ecul ar sieve. [0039]
Non-limting exanpl es of phosphorous soyyces, which may al so include

al um num cont ai ni ng phosphorous conpositions, include phosphorous-
cont ai ni ng, inorganic or organic, conpositions such as phosphoric acid,
organi ¢ phosphates such as triethyl phosphate and crystalline or

anor phous al jgoiejopho 1850 gSapehits Afe SNaBRMly B §htuartﬁa4$;o§t@h1taeméﬁts of
conbi nati ons t her eof . he preferred source o phosphorous i s phosphoric

acid, parti catoap |\9Ahﬁéq¢ Peplpdmhbt@faElsmbnte;qnnmmianbphm@gﬂﬂapmspm@s/ 000413

PCT/ US02/ 19955 . 17 [0 401 Te Iat nts ar ner al | onpounds that
contain el erf&ifle gida %F?&P%f?%ﬂt%r@&gﬂﬁ@r@ts Ei/

particul ar | v, Bt 4080 9&10? ©41 Ytnplafh DY, pref erably
nitrogen or 6h§spﬁgrou§ @&nnst Sré?sghgly n?€$ggen 5%?%§? tenpl ati ng
agents of GTabpe éﬂelelﬁeﬁthelsPeomtaﬂlactleaﬁtahlleallqﬂ oehghgmoup, mbRmbiyont akil at | east

one al kyl or aryl group, preferably an alkyl or aryl group having from1
to 10 car borPrAfdmEounimyiniremgy erldreathop a;qwd mergprefenp frogt bisS The

preferred ¢ QIR S9R0LSREA ShbLAGEI SRt SRIRGNNTS such as

am nes and quat ernary nrum conpo e qu ary anmoni um

conpounds, |dmmanmﬂlamtnesaﬁ@quataﬁa@mnh@tﬂuhycohﬁﬁuwer al formula R4N,
where each R is hydrogen or a hydrocarbyl or substituted hydrocar byl

group, prefdPidlly an Tcigpptegiay ammonatm mlypoungs,on po¢ ambaginfenbarel to 10
s TN T
of a mono-, fidrodAfbyl bi sut3fiuR&: hy{dﬁ%%%rl bleyp! Ibrgfel“dﬁl‘yiﬂ A€ ¥RYPLB8p 6f ard YPI ati ng
agents |nclu e tetraal kyl amoni um ¢onpounds i ncluding Salts thereof such
as tetranet rgrbuahavong frmn 1 to 10 carbon atoms. In one embodiment, the templating

agents include a combination of one or more quaternary ammonium compound(s)

and one or more of a mono-, di- or tri- amine.

[0042] Non-limiting examples of templating agents include tetraalkyl

ammonium compounds including salts thereof such as tetramethyl ammonium

compounds including salts thereof, tetraethyl ammonium compounds including

salts thereof, tetrapropyl ammonium including salts thereof, and

tetrabutylammonium including salts thereof, cyclohexylamine, morpholine, di-n-

propylamine (DPA), tripropylamine, triethylamine (TEA), triethanolamine,

piperidine, cyclohexylamine, 2-methylpyridine, N,N-dimethylbenzylamine, N,N-

diethylethanolamine, dicyclohexylamine, N,N-dimethylethanolamine, choline,

N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl-

(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl

piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-

methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion,

di-n-butylamine, neopentylamine, di-n-pentylamine, isopropylamine, t-butyl-

amine, ethylenediamine, pyrrolidine, polyethylenimine and 2-imidazolidone.



conpounds including salts thereof, tetraethyl anmoni um conpounds i ncl uding
salts thereof, tetrapropyl ammoni umincluding salts thereof, and

t et r abut yWermomi4win i ncl udi ng salts thereof, cycl ohexyl am meT/usor/piess i ne,

di -n- propylam ne (DPA), tripropylamne, triethylamne (TEA),

tri ethanol am ne, piperidine, cyclohexylam ne, 2-nethylpyridine,

N, N- di met hyl benzyl am ne, N, N- di et hyl et hgnol am ne, di cycl ohexyl am ne,

N, N- di et hyl et hanol am ne, choline, N, N -dinethyl pi perazine,

1, 4-di azabi cycl o(2,2,2)octane, N, N ,N Ntetranethyl- (1, 6)hexanedi am ne,
N- net hyl di et hanol am ne, N-nethyl - et hanol am ne, N-nethyl piperidine,

3- et hyl - pi pf0dd] ne, Thenptefertedyahplatny bt SretemBtateis Atbipaeit B onthim

met hyl - pyri di ne, qui nugl idine, N N -dinethyl-1,4-diazabicyclo(2,2,2) octane
ion; di-n- b%&l’g}?%#n%l,c [é &egthyl epneaivnyhydioxde ( TEA@H)etraetippr opy| ani ne,

- t-butyl- am i.an rroli.dine, .polyet eni m ne and

2-i ni dazol i déc}ﬁrél."ﬁ@@/ B@&gggﬁ?ﬁﬂ%&ﬁ iy afgioride t%%%’i‘ APMOBRS o1 e
tenpl ating agertidgtetttyl aineonsund chietieid it AER R HRBNGAMROWRd Thauch as
tetraet hyl ammoni um hydroxi de (TEAOH), tetraethyl arﬁlmni um ph(;ré%hat e,

tetraethyl amfbiirefered tasmnlating agsnt iaddttapthyhammonimm hjntroxidelend $adkr aet hyl
ammoni um chl gride and tetraethyl .ammoni.um acetate. The nost preferred

t enpl ati ng atglgrﬁa Eipgﬂfcélhﬂtﬂea%%%ﬁmiﬁ %ﬁﬁ giRpRRosphe mplgcylar $15E¢ e of |

parti cul ar | yivierniodeéi: NPcdin bt O thiop t Leve. In
one enbodi nent, a conbi nati%n of two or r?o?lg)?éc))?fpgﬁyo ﬁ@%bﬁ)gggegﬁop\}%ufgenpl ating
agents is usa¢nisns udbn wambontion tithene oomorosfer ficod- Sllih iR, amdl UM num |
and phosphor.ous- source. [0044] A synthesis mxture containing at a

m ni mum a si PIOSRRRIOUSSSOWCRum ,  and/ or phosphor ous- conposition, and a

tenplating a@gm i s S&%{ﬁﬂ%giﬁnﬁ(ﬂl%%gﬁﬂainﬁbtd% NEALGE N psﬁl?c{o%é%?%%igunder

aut ogenous pressure, to a tenperature in e range o H2=80C to
about 250C, awtbrmhosphor@fsecabpasitfonoanddauipldbRGebe iaBaWd in k8RGel The time

required to formthe crystalline product is typically from imedi ately up
to several is&ks; Pefgaklyipaderghiogpnauipsessuss, togiabsratieparttiertgent t he
el © 0 G Y 16 Bouk SIBRE Bhiftoré pieeerably Hom about 150°C to about
180°C. The time required to form the crystalline product is typically from
immediately up to several weeks, the duration of which is usually dependent on
the temperature; the higher the temf;erature the shorter the duration. Typically,
the crystalline molecular sieve product is formed, usually in a slurry state, and is
recovered by any standard technique well known in the art, for example,
decantation, centrifugation or filtration.
[0045] In a preferred embodiment, the isolated or separated crystalline
product, the synthesized molecular sieve, is washed, typically using a liguid such
as water, from one to many times, or in a semi-continuous or continuous way for
variable lengths of time. The washed crystalline product is then optionally dried,
preferably in air to a level such that the crystalline product or synthesized
molecular sieve has in the range of from about 0 weight percent to about 80
weight percent liquid, preferably were the liquid is water, based on the total
weight of the crystalline product or synthesized molecular sieve and liquid

medium, preferably the range is from about greater than 1 weight percent to about

80 weight percent, more preferably from about 10 weight percent to about 70



the crystalline nol ecul ar sieve product is fornmed, usually in a slurry
state, and is recovered by any standard technique well known in the art,
for exanpwe,o3/oaeant ati on, centrifugation or filtration. [PCEABD2/1995R
preferred enbodi nent, the isolated or separated crystalline product, the
synt hesi zed nol ecul ar sieve, is washed, typically using a liquid such as
water, fromone to many tinmes, or in a Isgem'-conti nuous or continuous way
for wvariable lengths of time. The washed crystalline product is then
optionally dried, preferably in air to a |level such that the crystalline
product or synthesized nolecular sieve has in the range of from about O
wei ght per Ce&%igﬁt%e@éﬁﬂﬂtev@@mo‘f@%ﬁf&ab@fﬁﬁﬁfﬂbo{ﬂ EHoChb ot 6 \%Ei?m_ peri¥te the
liquid is water, based on the total ~weight of the crystalline product or
synt hesi zed and|recst praferablyfeonaabiout i4€ wiadight redtentrtp abouw fo@rvedight petventt ange i s

f rom about eat.er. .than. 1 wei ght. percent to aboyt 80 wejght percent, nore
preferably %IBHL ‘Hf}lfpntfﬁl%?ré’%@h%ﬁ’m%@ FY)‘“]&%&?E mRleqidsr §EVe 0D W

PCT/ US02/ 19 ' t 20 to
about 60 m%ﬁrca&%ﬂ%@ﬁiseﬁﬁ@%ﬁ)&é#ﬁ% lélfqg%[??/%rg%%ﬁ%%tdeiga\}giggﬁt per cent
to about 60 weipghkitiopef denihventibhi S | i qui d contai ning crystalline product,
synt hesi zed nol ecul ar. sieve or, wet filtercake, is then used below in the
fornul ati on [8P4¢lhe mdneesrmbodimeph whereihy synthesgzed aqlequdas sisve ihe i nvent i on.

i , . i cul .Sj - i
9081, | ont, SRR MR A GRS BET BEAY er o 1

sufficient tsffi@émteniiidaiie) BijoPpropetioh @ntheftethpltiheigineid A8 nRg&nlari N t he
nol ecul ar sieve, where nore than 50% of the tenplating agent is retained.

In addition sevepwherermesd thasradés of the cernplptingeagentig retiacd yht ddddioned nol ecul ar
s eve 1= LyoealL, SR RO o Less, el er bl vl a5 Ll 1500 even.
Vol echl . . ! vol . . (i

2 ow 11§ oo oS SRt ER A i Beb 1 SO, pikaabt? b (77 00

for SAPO syniaesissr abodt PRSuSPads ment, the nol ecul ar sieve has a Si/Al
ratio
[0047] Molecular sieves have either a high silicon (Si) to aluminum (Al)

ratio or a low silicon to aluminum ratio, however, a low Si/Al ratio is preferred
for SAPO synthesis. In one embodiment, the molecular sieve has a Si/Al ratio
less than 0.65, preferably less than 0.40, more preferably less than 0.32, and most
preferably less than 0.20. In another embodiment the molecular sieve has a Si/Al
ratio in the range of from about 0.65 to about 0.10, preferably from about 0.40 to
about 0.10, more preferably from about 0.32 to about 0.10, and more preferably
from about 0.32 to about 0.15.

Method for Making Molecular Sieve Catalyst Compositions

[0048] Once the molecular sieve is synthesized as described above,
depending on the requirements of the particular conversion process, the molecular
sieve is then formulated into a molecular sieve catalyst composition, particularly
for commercial use. The molecular sieves synthesized above are made or
formulated into molecular sieve catalyst compositions by combining the
synthesized molecular sieve(s) with a binder and optionally, but preferably, a
matrix material to form a formulation composition. This formulation composition

is formed into useful shape and sized particles by well-known techniques such as



| ess than 0.65, preferably less than 0.40, nore preferably | ess than 0. 32,
and nost preferably less than 0.20. In another enbodi nent the nol ecul ar

si eve haswe 0Siopoali3 ratio in the range of from about 0.65 PoTASOU19985 10,
preferably fromabout 0.40 to about 0.10, nore preferably from about 0.32
to about 0.10, and nore preferably fromabout 0.32 to about 0.15. Method
for Making Mol ecul ar Sieve Catal yst Co sitions [00481 Once the nol ecul ar
sieve is synthesized as descri bed above,” depending on the requirenents of
the particul ar conversion process, the nolecular sieve is then fornul ated
into a nol ecul ar sieve catal yst conposition, particularly for comerci al
use. The rmls@%gﬂ(ﬁymg ﬁa%azfmgnémﬁoa%dqﬁ@}{@e %f)l%yf&%qﬁ B&ink HdHbGL €d into -
nol ecul ar si eveé catal yst conpositions by corbi ni ng t% synt hesi zed

mol ecul ar su&ﬁéﬁsd Wiis hlsa ptefercerthandteosprayodyidgy/for bxample dfagthebl y, a - matri x
mat eri al H%Bn a formul ati on conposition. This formul ati on conposition

is formed i %E?%Fo%ﬂ%ﬂgndﬁgleé‘lcﬂ@&}wﬂartl cles by well-known techniques
such as WO 0413

extrug o, dodiine | TRone EBSAREC e SeHaRRARY pEmEhiifher fth) BEDF,
preferred thadveas treuhe sqpreayf foyi abguf @ teB anpleeritigin thbeang‘erfmhﬁO.llon

conposition |s then cal cined. [00491 I n one enbodi nent, the weight ratio of
the binder tt® lespéhand)- %mrarprefgﬁaé%nﬂse 1Rpge Hfdora Agd ta0-48 evAIABYGt 0.1 t o
0.5, prefer re preferably
in the ran929&¥2¢£%%1 b§L %ﬁ?g@gﬁ%%g%%epﬁ%é?ﬁyégvgoﬁggg? >12 to about
0.45, yet eur#n msemﬂrxﬁesse?a@érxbmﬁ@meqaﬁg’e dfcﬁdneaas td a@dht@ #5n aaBHeAOSt
preferably in the ran fromO.15 to about 0.4. In another enbodi nent,

t he wei ght rembiodiment; the weighdeatiaof thheinderi te the melegilasseviesss imthgmangeange  of
fromO.11 to erabl i.n_th 0.12 to. .less than
0. 40, mreofg?@ﬂrépégﬁ} i ?Iﬁgen?bgfﬁ Sfan,gg(grfr?r@ml@oﬁ)@igg I[esi)&l b *nd nost
preferably Ilﬂoretpbgefaemﬁtpérailg%m@ra 015 BReukt @ﬁan&hiosy fé?a?bl;bﬁ‘lt ween these
ranges are included i'n this patent specificati on. I n anot her

enbodi ment , théimngeb&fomad.2 s ghat G4t aéllymlue:sdmmntth@a raurges are included

in this patent specification.

is also

[0050] In another embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has a micropore surface area
(MSA) measured in m*/g-molecular sieve that is about 70 percent, preferably
about 75 percent, more preferably 80 percent, even more preferably 85 percent,
and most preferably about 90 percent of the MSA of the molecular sieve itself.
The term "MSA on a contained sieve basis of the molecular sieve by itself" or the
term "MSA of X m %g-molecular sieve" means that the calculated MSA of a
molecular sieve catalyst composite is the measured MSA divided by the contained
fraction of the molecular sieve. For example, a molecular sieve catalyst
composite with a measured MSA of 200m*/g and containing 40% molecular sieve
would be calculated to have an "MSA on a contained sieve basis of the molecular
sieve by itself" of 200 m%g/ 0.4 = 500 m*'g-contained molecular sieve.

[0051] In one embodiment, the catalyst composition has a MSA on a
contained molecular sieve basis of the molecular sieve by itself in the range of
from 400 m*/g-molecular sieve to about 600 m*/g-molecular sieve, preferably an

MSA in the range of from 425 m*/g-molecular sieve to about 575 m*g-molecular,



formul ated nol ecul ar sieve catal yst conmposition has a mi cropore surface
area (MsSA) neasured in nR/g-nolecular sieve that is about 70 percent,

pr ef er ablwoO oalbans3 75 percent, nore preferably 80 percent, PETAISOMTNIES
preferably 85 percent, and nost preferably about 90 percent of the MSA of
the nol ecular sieve itself. The term"MSA on a contained sieve basis of
the nol ecul ar sieve by itself' or the ilerm"l\/BA of X in '/g-nolecular
sieve" nmeans that the cal cul ated MSA of "a nol ecul ar sieve catal yst
conposite is the neasured MSA divided by the contained fraction of the
nol ecul ar sieve. For exanple, a nolecular sieve catalyst conposite with a

measur ed MSAn@e p2&erBiydinanélr608 befrbin R 54876-FRI QG 14k flevSicMBut y¥dhdobe
calcul ated to have an "MSA on a contai ned sieve basis of the nol ecul ar

si eve by it sedlpculafsig@ampingst/preferhbly 50l rapsgotoomabneiPohdeul ar si eve.
10051 I n one Q<3lrrb di nent , abhe 5rc$§t aglé%st conposition has a MSA on a contai ned
mol ecul ar siBYEHATE P PR Qlecliab#6V%y itself in the range of

from 400 nﬂ/[@omjl eCUlBforeSii€ in Qi@é}%tbi@% ageﬁpéfﬁ%'f@ﬁmg' e, preferably

an MSA in the range of from 425 nR/g-nol ecular sieve to about 575

n2/ g- mol eculmeleciM® 08/e0Q04543 cHAPSsUTHI? / N@Bhfnitir]exampées pif ®frelealihat arer t he
range of from 425 nR/g-nol ecul ar sieve to about 550 nR/g- nol ecul ar sieve,
and nost pr éseithplope Phin ¢antingiion ipsluds vsonh bipes abky disted aluppnae silicas: si eve to

bout 550 - | £ 0 o]l .ent bind
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Non- i mtinglexaup efohlditd) deeSnddaadic akele sosidlikeadl0nBindingitie conbi nat i on
i nclude various types of hydrated alum na, silicas, and/or other inorganic
oxi de sol . ovethgsisedmpleguial sigyerane ofheamatsiiglssorh psthymatia tngedist, or hydr at e.

The i norganic_oxid | ,acts |like gl bi.ndi ng .t he synt hesi zed nol ecul ar
si eves and &aﬁécﬂlllarlfsft aZfe[r gfeélm%‘yté??hgg&t ;Ilrgmﬂ'éltegtiu}gg f%’d’é?rﬁ 1 OX'S%IS? pcul arly after
thermal tregfaRpbly MROKy HRAY M@&)Sit%lh@ chRRHIAM1E 2R KA arSObxide Riagler ably
having a | ow viscosity, is converted into an inorganic oxide matrix
conponent . FompexentplFer examek,Lam ahemimalsolwill congery &y 4n dlomamoabxide num oxi de
matri x foll ow ng hﬁat. t reat ment.

matriX following heat treatment.

[0053] Aluminum chlorhydrate, a hydroxylated aluminum based sol

containing a chloride counter ion, has the general formula of

Al 0,(OH),CLx(H,0) whereinm is 1t0 20, nis 1 to 8, 0 is 5t0 40, pis 2 to 15,

and x is 0 to 30. In one embodiment, the binder is Al;;0,(OH),,C1,212(H,0) as is

described in G.M. Wolterman, et al., Stud. Surf. Sci. and Catal., 76, pages 105-

144 (1993), which is herein incorporated by reference. In another embodiment,

one or more binders are combined with one or more other non-limiting examples

of alumina materials such as aluminum oxyhydroxide, y-alumina, boehmite,

diaspore, and transitional aluminas such as a-alumina, B-alumina, y-alumina, §-

alumina, e-alumina, k-alumina, and p-alumina, aluminum trihydroxide, such as

gibbsite, bayerite, nordstrandite, doyelite, and mixtures thereof.

[0054] In another embodiment, the binders are alumina sols, predominantly

comprising aluminum oxide, optionally including some silicon. In yet another

embodiment, the binders are peptized alumina made by treating alumina hydrates

such as pseudobohemite, with an acid, preferably an acid that does not contain a

halogen, to prepare sols or aluminum ion solutions. Non-limiting examples of



[ 00531 Al um num chl or hydrate, a hydroxyl ated al um num based sol cont ai ni ng
a chloride counter ion, has the general fornmula of A nO' (OH) od px(H20
wherei n iwWO0i03/00041» 20, n is 1 to 8 ois 5to 40, pis 2 taTaBp2/1@sd x is 0
to 30. I'n one enbodi ment, the binder is AL1304(OH) 24Cl; 12(H20) as is
described in GM Wlterman, et al., Stud. Surf. Sci. and Catal., 76, pages
105- 144 (1993), which is herein incorpir?rbat ed by reference. In another
enbodi nent, one or nore binders are conbined with one or nore ot her
non-limting exanples of alumna materials such as al um num oxyhydr oxi de,
y-al um na, boehmte, diaspore, and transitional alum nas such as

a-al um na, (o%nﬁhéfman?,avaﬁia%h@éall@ﬁial RumdhdiFldRclufe Nalbd 19886 a¥aib g, and
p-al um na, alum numtrihydroxide, such as gibbsite, bayerite,

nor dst r andi tl‘éa,lcwj&l@mqabCoaMpmvmeuﬂhsom m:lé‘b}facol[mm Avelable e

enbodi nent, nde s are m nantly conprising

al uni num OXi %ﬁ% 8?}1”9 gﬁi‘éi P %dgj%iréw%s?‘f 84S 1 n yet anot her
enbodi ment, [phssjbi ndefis sgﬁfﬁeﬁg&;msﬁemal éféUeE'ﬁe fEd avovter@aa y;sr&%n@ um na
hydr at es such as pseudobohemte, wth an aC| prefera an acid that
does not corgiodimmenthalcogbimedtvatips Bipderant @ns obmoad mairixuitedl(s30! uti ons.

Non-limting exanpl es of WO 03 00 413 PCT/ US02/ 19955 22 commercially
avai | abl e c pisxdRpeapy AfeTRPsals eitsry & ererliating o v b catglypt oot &ctPPom  Nal co

Chemi cal . o) ble from
Nyacol Nano ttf'e 2% %éé %Agé‘sﬁné%éﬂ?&% I %& %[gesé%ﬁ%& {?%‘\é ﬁf‘%{)%g] The

synt hesi zed oxa ﬁwﬂ@fng&bm&tﬁﬁsﬁhm@ﬁdg eetalyst BorBpdkitaiie idcdhsingmbodi ment |,
is conbined with a binder and one or nore natrix naterlal( ). Matrix

material s arC@tatl)ya‘pE@%gt@'SWfaé@mShétfﬁﬁgth auliatiritipnoosstande, aud talopstroldbet , act as
t hermal sinks ass istin ding heat fromthe catal yst conposition for

exanpl e durlrﬁfé’ 88%%e§§lg?f%?ﬁpar88w§ﬁ? Feﬁﬁ[ the catal yst conposition,
i ncreasing [pe4a! yst Ndd-BR&idE e%‘dﬁ@le@%fﬁfa&%@m%feﬁ@]@%d?ud’é%e%frﬂdr& ben

resi st ance, and to control the rate of conversion in a particular process.
[ 0056] Non- Irare adaithgnaalampinestive, mﬁaqumdemam@mdmg titaniag inchmi nexgoesiayor e of :
:ngﬁegfi;t h nﬁgr?al %’ery cl)e{] q%g}té it ica o so s ané Irrggtsurels tﬁeregtl ?o% egcarilglg sﬁlcaZI reoni a,

magnesia, silica~zirconia, silica-titania, silica-alumina and silica-alumina-thoria.

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

families of montmorillonite and kaolin. These natural clays include sabbentonites

and those kaolins known as, for example, Dixie, McNamee, Georgia and Florida

clays. Non-limiting examples of other matrix materials include: haloysite,

kaolinite, dickite, nacrite, or anauxite. In one embodiment, the matrix material,

preferably any of the clays, are subjected to well known modification processes

such as calcination and/or acid treatment and/or chemical treatment.

[0057] In one preferred embodiment, the matrix material is a clay or a clay-

type composition, preferably the clay or clay-type composition having a low iron

or titania content, and most preferably the matrix material is kaolin. Kaolin has

been found to form a pumpable, high solid content slurry, it has a low fresh

surface area, and it packs together easily due to its platelet structure. A preferred

average particle size of the matrix material, most preferably kaolin, is from about

0.1 um to about 0.6 pm with a d,, particle size distribution of less than about 1

pm.



thoria, beryllia, quartz, silica or sols, and m xtures thereof, for exanple
silica- magnesia, silica-zirconia, silica-titania, silica-alumna and
silica-alwoiog@ethdria. | n an enbodi nent, matrix materi al PCarEsona9ss al

clays such as those fromthe famlies of nmontnorillonite and kaolin. These
natural clays include sabbentonites and those kaolins known as, for

exanpl e, Dixie, MNanee, Georgia and Flprida clays. Non-limting exanples
of other matrix materials include: haloysite, kaolinite, dickite, nacrite,
or anauxite. In one enbodinent, the matrix material, preferably any of the
clays, are subjected to well known nodification processes such as

cal ci nati on [gos§jor aqh@nb eRBbMBIR, MM iRder CiRE B BRdsidel 8RS 1ERMr sidvB9rd] | n one
preferred enbodinent, the matrix nmaterial is a clay or a clay- type

conposi t i on,thpmefret sisteyial dre conbined i the pyeseyperfadigpobiuch an waty tafpra | ow i ron
or titania content, and t preferably the matrix terial_ is kaolin.

Kaol i n has  BRGICHBEHEVS G L FPRDRARMAYISTS HE gous) ol dindsh S aboitr y. 1 ¢
has a | ow fr ] A i due to its

Pl at ol et st gt e s Sodli 30y, ikt PRSIy PARL IR 303 Yelho 71 4

mat eri al , nMubbupZEh by e ght kel mere prefefablyrfrababidut 70 By meight tlabotit 0. 6 m wi t h
a .do90 particle size_ distribution of less than about 1 m WO 03/000413

PCT/ US02/ 1991550 by 37ef. sed op thedotalweiahtriihe bipde, hegerleculansievegnd hesi zed

nol ecul ar si Ith A arial are conbined in the presence of a
i quid such Ig‘%s(tﬁ\?\{/a eer’n%l’oé%ﬁ‘cgfdﬁﬁ{étge %‘Iﬁlgtul ar sieve catal yst conposition, where
t he anount gbo®jnder Ugonfdoaibigihg e syRHediYedvab@bilat HevladithSR%rRy Wei ght,
preferably from about 5% by weight to about 20% by wei ght, and nore

pref erably flremiabepiionably mithahiadar, ing liyedito fours gshyryneiigihg, prefgsdly on t he
total weight.of the. binder,  the | ecul ar, sj.eye,and matrix material,

excl udi ng t Hégolr?lifd“”flﬂi.m%ﬁ@ggﬂedl&b8?&88%F‘?ﬁsf?&{lglxyeh%%qqg%‘fsﬂmI ecul ar sieve
and the mat rdotaidlRé Bld FhiheORd ABRLAN: Wedd) NorllliRHARI exhfphs bFAlidid 0 forma
slurry, mxing, preferably rigorous mxing is needed Po produce a

subst ant i al ljquiinnglede ousomd cambrieationaftvaitarj aigpitoheketonas, htkhydd, aal/@cul ar
sieve. Non-limting exanpl es c?lf suitabl e

esters. The most preferred liquid 1s water. In one embodiment, the slurry is
colloid-milled for a period of time sufficient to produce the desired slurry texture,
sub-particle size, and/or sub-particle size distribution.

[0060] The liquid containing synthesized molecular sieve and matrix
material, and the optional binder, are in the same or different liquid, and are
combined in any order, together, simultaneously, sequentially, or a combination
thereof. In the preferred embodiment, the same liquid, preferably water is used.
[0061] The molecular sieve catalyst composition in a preferred embodiment
1s made by preparing a slurry containing a molecular sieve, a binder, and,
optionally while preferably, a matrix material. The solids content of the preferred
slurry includes about 20% to about 50% by weight of the molecular sieve,
preferably from about 30% to about 48% by weight of the molecular sieve, more
preferably from about 40% to about 48% by weight molecular sieve, about 5% to
about 20%, preferably from about 8% to about 15%, by weight of the binder, and
about 30% to about 80%, preferably about 40% to about 60%, by weight of the

matrix material.



l'i quids include one or a conbination of water, alcohol, ketones, aldehydes,
and/or esters. The nost preferred liquid is water. In one enbodi nent, the
slurry i swomelobwizl-m |l ed for a period of time sufficient PCO/ysontes® t he
desired slurry texture, sub-particle size, and/or sub-particle size

di stribution. [0060] The liquid containing synthesized nol ecul ar sieve and
matrix material, and the optional bin , are in the sane or different
liquid, and are conbined in any order,”together, simultaneously,
sequentially, or a conbination thereof. In the preferred enbodi nent, the
sane liquid, preferably water is used. [0061] The nol ecul ar sieve catal yst

conposi tion [o06H PrefighheHeABA BN ethSodIRER, ¥ sBH@PMkRYirPa SLHY T Y
containing a nolecular sieve, a binder, and, optionally while preferably,
a matrix natenipasingkhaokotladsiespabenter, ahd ppitonatlshenator magdrial rapdianc| udes
about 20% t q. abput .50% by wei ght t he | ecul ar sieve, referably from
about 30%tgl%cg'@ted’ﬁ‘§%55 tl}ﬁeria&ﬁoﬁonﬁ ﬁléo‘lggpé%}ﬁﬁ’e@?’ét\} ,abﬂ‘t%rg WHEHF er abl y
from about 4Q%6ho nRQRLrdGHH Y MELIN of RIS O b WRotS bEkEnt g to about
20% preferg%lf Fronlgﬁzut%%@6to abod% 15% byzaekgﬁt S?Q? e7binder, and
about 30% t ovapiduyter@nfievar mber mbieyabhpoithe 4dYe bOfraimd it weiQhh pdogenivei @ht of t he

matrix material. WO 03/000413 PCT/ US02/ 19955 24 [0062] |n anot her npst
preferred enbadithsient, sHE e¥g) mgee pigficrabhy frpm ahowh 3¢ weigh | &) 3hguip

nmol ecul ar SigVe,: ' r [ . ' Lal , .and a liquid
medium i s 1o eelg?ta%'é%%gfye’f ?‘%%ng‘%%8?@6*’%?6@%%%%@1’??Z%%%%hﬁt 80 wei ght

percent, norgrg@hefoedbabt 45 weighhgeréanomd dlost perarstly Weilghinderegom 38 0 about 70
wei ght percent, even nore preferably in the range of from 35 wei ght percent

to 60 wei ghveiperiesgent tosabpit 4%velght@areenpr ef er ably from about 36 wei ght

percent to 50 weight percent, .yet.eve re preferabl y i he range
of from 37 \?@%ﬁlt tpé}scth%?m_f 15 HERS Sﬁ’éﬁ?sglﬂgh%g}l%ﬁggr.e%?ip‘?%eg?bqﬁ&%f erably
in the rangeg gfintfwRde 8R sHe ehtaiRedtiatolbARME ARalgietdiitosRRmcent . [ 0063]

As the slurry is mxed, the solids in the slurry agdgregate preferably to a
poi nt wher e panieclssl Ut msypreferab i that theskeipdrtivids ecednaall sidehawe aamibyns sizeonposi ti on

distribution such that the dy, diameter of these particles is less than 20 pm, more
preferably less than 15 pm, and most preferably less than 10 um. The d, for
purposes of this patent application and appended claims means that 90 percent by
volume of the particles in the slurry have a particle diameter lower than the dg,
value. For the purposes of this definition, the particle size distribution used to
define the Dy, is measured using well known laser scattering techniques using a
Honeywell (Microtrac Model 3000 particle size analyzer from Microtrac, Inc.,
Clearwater, Florida). In one embodiment, the slurry of the invention contains at
least 90 percent by volume of the molecular sieve catalyst composition particles
comprising the molecular sieve, binder, and optional matrix material, have a
diameter of less than 20 pm, preferably less than 15 um, and most preferably less
than 10 um.

[0064] In one preferred embodiment the slurry comprising a liquid portion
and solid portion, wherein the solid portion comprises solid particles, the solid
particles comprising a molecular sieve, a binder and/or a matrix material; wherein
the slurry contains in the range of from about 30 weight percent to about 50

weight percent solid particles, preferably from about 35 weight percent to 45



particles. It is preferable that these particles are small and have a

uni formsize distribution such that the d90 di aneter of these particles is
| ess t harwP®@3mposmdre preferably less than 15 t, m and no®CTArset/emshly | ess
than 10 Pin. The d90 for purposes of this patent application and appended
clainms means that 90 percent by volunme of the particles in the slurry have
a particle dianeter |ower than the d90 al ue. For the purposes of this
definition, the particle size distribution used to define the D90 is
measured using well known | aser scattering techniques using a Honeywell
(Mcrotrac Model 3000 particle size analyzer fromMcrotrac, Inc.

Cl earwat er, rbight f#2dent, lald @ﬂ@aﬁ@bqﬁtdéﬁmﬁthé Etﬁldsfiawﬁéws &ivdgflfdlhﬁ\éﬁplésgn
cont ai ns at | east 90 percent by vol une of the nol ecul ar sieve catal yst

conposi ti on thar £9 ineprefcmhlwrlﬁ@lt themnol ecul ar si eve, binder, and opti onal

matri x mat erllﬁgé hav % ter of less than.20 m 1gref erabl | ess t han
15 p.m and 3l pref ABpioylsdeve Rialyst epmpoHtignsgigles SBFIE’f erred

enbodi ment  tPges kdMFdELIARA & RerdidulFbbnthRRhds | @ efd?'@q éRJei tg&Eédté)n

wherein the solid portion conprises solid parti c articles
conpri si ng ahmolesaileahe solei/@,nt@tmﬁhdemr@mﬂé p:refaabmrrrrelamrada,t;ﬁéfb@b];y wher ei n
the slurry conbgl ns in the range of from about 30 weig percent to about

50 wei ght paFRiere of&hs ameput PfB’F‘@& tergplafiag agang aﬂﬁ/@ﬁf’ﬁ]@bhﬂméiff‘)%éin@ﬁt per cent
to 45 WO 03/ \Q%ﬁol? ga%élysﬂgfh% 4% ‘o/re%e?TeWedggQﬁm? %rcrﬁgasmn?% %ol?d%f @3{‘ 90

percent of the s artic I"are ess

preferably ligss atcamhemams Tkﬁ@fit‘iaé tE’fpﬂ@csuh@&oxﬁbﬁ\mth‘easuwﬁteqﬁﬂrmosl tion
particles contains some water, te ating agent or other |iquid

conponents, 0 s veysimilar thhewwpight ofijbe ealpined mommadelsm ¢dsdysthe sol i d cont ent
in the slurr etpref rablé %ﬁgsur&ﬁ Py & ch usi ve of the anount
of vater, tcHBIPSEIERE Pt 5P Pl Tl B e o thi n the
particle. I Npb 8 cAIBS theth6fcBlilhe el st € &sﬁtuﬁ?ﬁa?fﬂélé{'ﬁ tROLILAS, fontent s
on a caIC|ned basi s. Thus, the weight of the solid content in'the slurry is
equal to orfrome rabowtm@l pearem oy whghtvei Zlg’amera:ﬂfnt bheveqhk oioheedlansiceg Bl ar si eve
catal yst conposition, ab cal ci Bed bas t he ?ol [ db content in the
slurry, rmor Jercent by We1ght to 20 percent by welg t 1nder and from about 30 percent by

weight to 80 percent by weight matrix material. '

[0066] In one embodiment, the slurry of the synthesized molecular sieve,

binder and matrix material is mixed or milled to achieve a sufficiently uniform

slurry of sub-particles of the molecular sieve catalyst composition to form a

formulation composition that is then fed to a forming unit that produces the

molecular sieve catalyst composition or formulated molecular sieve catalyst

composition. In a preferred embodiment, the forming unit is spray dryer.

Typically, the forming unit is maintained at a temperature sufficient to remove

most of the liquid from the slurry, and from the resulting molecular sieve catalyst

composition. The resulting catalyst composition when formed in this way takes

the form of microspheres.

[0067] When a spray drier is used as the forming unit, typically, any one or

a combination of the slurries described above, more particularly a slurry of the

synthesized molecular sieve, matrix material, and binder, is co-fed to the spray
dryer with a drying gas with an average inlet temperature ranging from 200°C to

550°C, and a combined outlet temperature ranging from 100°C to about 225°C.



specifically, the nolecul ar sieve catal yst conposition particles in the
slurry, are from about 20 percent by weight to 45 percent by wei ght

nol ecul arweiogwa41d percent by weight to 20 percent by weipghtushr/md¥es, and
from about 30 percent by weight to 80 percent by weight matrix material.
[ 00661 In one enbodi nent, the slurry of the synthesized nol ecul ar sieve,
bi nder and matrix material is mxed or sglled to achieve a sufficiently
uniform slurry of sub-particles of the™nolecul ar sieve catal yst
conposition to forma fornulation conposition that is then fed to a
formng unit that produces the nolecular sieve catalyst conposition or

formul ated nmlaeHbEIHERVEe @aéragefcﬁame@pmg Islsﬂagﬂnedi PorficRtahRET ed
enbodi ment, the formwg unit is spray ically, thé form ng unit
e

i s maint ai ne@naios@one maah@uM%MftD@b@rtt?»Oﬁcplm @mfmblynﬁn@n abbuttﬂﬁquhl qui d
fromthe slurr trazggfromthefrg Bi% cular S|eé§ cat al

conposi ti on. CPREURY H TREFedEE F\?’ T B‘étl P Hig 2p mtoﬁ‘i s way
takes the fﬁg{&ﬁjyﬁb&r%gpgg to[agag@bé_}men a spray drier is used as the
formng unit, typically, any one or mbi nati on of the slurries

descri bed at{@ﬂé&] nor eDyarg speayl drying, the sluwyriy passed theoughyanidzelei zed nol ecul ar
sieve, matrix material, and binder, is co-fed. to the SFray dryer with a

drél ng g?rts) Vistrbuingthe shigey inier swralk dipplets atesprablingrag asEpspt SHELDETE t o 5500
031 000413 P R EheysSBEERHHA G IANRLERy KB SR o800, 4R0F. 0t (e

spray dried dppred naatiple i5kzleCONPAPrdsad di 1ﬁrtma.ﬁ§@wfr&9 100 Psm@o about 300
m preferably fromabout 50 m to about 250 m nore preferably from about

50 p.mto a IE@C(%(M(PW 6¥98 kPag)r & encibirentoodimentdhe slegy pnea-fedabout 90
(r:Ini S'E ??gﬁ]t i %{“ﬁ’fe &P a ?/I%Z}% n&MFglezlp%%%?lgng %ﬁ zﬁ%fﬁ%aotﬁqﬁﬁi g‘é%’fl spray
into a dryiRgChaihefiue H:OM %@tdﬂ%}' shRabdchiseved by forcing the slurry
through a singl'é nozzie of nultiple nozzfes with a pressure drop in the
range of frdéndgo psila ytoanotltdempsdimehit 9 fiapdesorib@biboPaadirected tanot her
embodi ment , thg ger?rlnlejtreg gf e{ ssplr%?m; w(illeel that distributes the slurry into small droplets,

the size of which is controlled by many factors including slurry viscosity, surface

tension, flow rate, pressure, and temperature of the slurry, the shape and

dimension of the nozzle(s), or the spinning rate of the wheel. These droplets are

then dried in a co-current or counter-current flow of air passing through a spray

drier to form a substantially dried or dried molecular sieve catalyst combosition,

more specifically a molecular sieve composition in a powder or a microsphere

form.

[0070] Generally, the size of the microspheres is controlled to some extent

by the solids content of the slurry. However, control of the size of the catalyst

composition and its spherical characteristics are controllable by varying the slurry

feed properties and conditions of atomization.

[0071] Other methods for forming a molecular sieve 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.



through a single nozzle or multiple nozzles along with an atom zation fluid
such as air, steam flue gas, or any other suitable gas. [0069] In yet
anot her ewbadiosami , the slurry described above is directe@Crasor/mss
perinmeter of a spinning wheel that distributes the slurry into smnal
droplets, the size of which is controlled by many factors including slurry
viscosity, surface tension, flowrate, oPressure, and tenperature of the
slurry, the shape and di mensi on of the nozzl e(s), or the spinning rate of
t he wheel. These droplets are then dried in a co-current or
counter-current flow of air passing through a spray drier to forma

substanti al | ppodtz)i ed ap aﬂéﬂh&derﬁfwd%ﬁb'ﬁtaﬂhe%r%ﬁﬁa@@ﬁl%lééﬁfar &%{J@&ﬁé dton, more
specifically a nol ecul ar sieve conposition in a powde crosphere

form | 0070]60m1ﬁ>el’t®lnlosmtauhémm aluofl % ﬂoelbuuuﬂ%’&;mndlefablyl fsomabcbutdIOI%d to some
extent by the solids conte wever, control of the size
of the cat al®§&pPout cd@rﬂ%rd’é‘?rﬁp{) °r; EI@I flf a@% %%@W%Waﬁﬂ{bteeﬁ 9Ofcs are

control | abl 3 d of

at o 2t on. T BEYES HRRLIEAGHS Kous ORCuRl B phesER AN B O0D, 21 vt
conposi tion ab@ut 6% biyivissghtiofi te. ol eRAtresidveAapdd anathe analSedigilof N 09/ 617, 714

filed July 17, 2000 . (spray drying. using a recycled nol ecul ar sieve
cat al yst corﬁ&%@F"&l%ﬂﬁveWﬁlYﬁlﬁC?@Poﬂ#f&fel n |ncorporat ed by reference WO

03/000413 P 02/1 7 od| .t he formul at ed
nmol ecul ar si e cat aﬁ?&;%mggloe\?[ ﬁ%‘ﬁe%‘l «%u AoP ?S::{;g Eidll%to about 99%

preferably fdh@ﬁhﬁiwlytdrjl@r Ypied szat@bt@lfam%%rd@%ﬁd/@f &ftﬁﬁ@bhéff&rﬁl@an about 10%to
about 80% even nore preferably from about 20%to about 70% and nost

preferably fmﬁﬂﬁ%b@mpoﬂﬁw&@@ﬁméb@Unﬂﬁw%ﬂnswwwgmmnnﬁanhkNMBdecular si eve
based on the tota cul ar si cat.al yst. conposition.
[ 0073] Once ‘FEBefﬁlfo%&Hqgff’ ?’@IY °6’QF”§| 55‘9]“ %ﬂ#‘ﬁﬂa PICHRNPL CRGFRRFE o
substanti al | BhyiyBlcaly iRfhdSS ALSall faeoﬁﬁtr&f%&er%g&.e ”rygﬁ%{ Iciftgtdnvat e the
formed catal yst conposition, a heat treatnent Such'as ca C|nat|on, at an
el evat ed temperatures are in the range from about 400°C to about 1,000°C, preferably from

about 500°C to about 800°C, and most preferably from about 550°C to about

700°C, preferably in a calcination environment such as air, nitrogen, helium, flue

gas (combustion product lean in oxygen), or any combination thereof. In one

embodiment, calcination of the formulated molecular sieve catalyst composition is

carried out in any number of well known devices including rotary calciners, fluid

bed calciners, batch ovens, and the like. Calcination time is typically dependent

on the degree of hardening of the molecular sieve catalyst composition and the

temperature ranges from about 15 minutes to about 20 hours. In a preferred
embodiment, the molecular sieve catalyst composition is heated in nitrogen at a
temperature of from about 600°C to about 700°C. Heating is carried out for a
period of time typically from 15 minutes to 15 hours, preferably from 30 minutes
to about 10 hours, more preferably from about 30 minutes to about 5 hours.
[0074] In one embodiment, the attrition resistance of a molecular sieve
catalyst composition is measured using an Attrition Rate Index (ARI), measured
in Weighfc percent catalyst composition attrited per hour. ARI is measured by
adding 6.0g of catalyst composition having a particles size ranging from 53

microns to 125 microns to a hardened steel attrition cup. Approximately 23,700



tenperature is preferably perforned. A conventional calcination environment
is air that typically includes a small anount of water vapor. Typi cal

cal ci nat iwp 030enper atures are in the range from about 400@Crasabmess 1, 000C,
preferably from about 500C to about 800C, and nost preferably from about
550C to about 700C, preferably in a calcination environnent such as air,
nitrogen, helium flue.- gas (conbusti onzgoroduct | ean i n oxygen), or any
conbi nation thereof In one enbodinent,”calcination of the fornul ated

nol ecul ar sieve catal yst conposition is carried out in any nunber of well
known devices including rotary calciners, fluid bed calciners, batch
ovens, and tdfninl dfitr %a&‘i’s%dbﬁleﬁ'tﬁﬁ%u%ﬁa%éfér—‘é@hﬂaﬁu (e s hurﬁﬂhf-‘yhe degree
of har deni ng of the nol ecul ar sieve cafal yst conposition and the

t enper at ur e thangeseii.r She abtuitrogs pﬁsmattb@uglmﬂatauutloﬂeumcmd sxitdthea preferred
enbodi nent, the nol ecul ar s ve Cags\—;“%/ on i s . heated in nitrogen

at a terrper W‘H& FTEeHEr i ed out
AR SBpPARS HrabaL PY At

f bl

from 30 m nafsane ARG el e %ﬁ'%?er i it sl The BOSHEL 0 Y e

to about 5 HitershimbQOséphrates tlmﬂéneacmimiybtmhlestfm mtam&ttdgeﬁmhsrtesﬂt§t ance of a
nol ecul ar sieve catalyst conposition is neasured using an Attrition Rate

I ndex (ARI), twabmeeralmblﬁ e gRe pﬁ@ra@émm&;amamyﬁxe thigrpepreseri the t ri t ed per
hour. ARl is aﬁf@iﬁorﬁﬁos@%{gﬂ %gg%as%r&eg% grtthrg\igj% t1o O@%%ﬂ%ﬁ%ﬁ gl?)aw ng a

particles si 78 M cron mero dened st eel

attrition cypssiA® t@)»x%mte@{tml&{%m&ﬁ@ m¥Bide 04 1buP CTh& B/ cbA8&Eed in?8 cc/mn

of nitrogen gas is bl ed through a water-containing bubbler to humdify

t he nitrogertl e‘ufhmblmremmwgémnpdswg tﬁhnwéhmblees thenringtalled. dilp, and exits

the attritio at hro 0 f|br th | owi ng

ni trogen rerﬁ?&@ésweg{fgtg?ﬁ U 1i1§|a3§{e8 1;[ar1|13[ glolnﬁ gE?“fﬁﬁﬂBF%tﬁlss bei ng.
retained in &he H¥RowHN rl%lgﬁi»%vém befe ﬁﬁ@s@ll&t@@ﬁ%ﬁ@ﬂﬁﬁbf&ﬁ fine catalyst
particles fromthe nitrogen that exits hr ough thinmbl e. The fine

particles r aﬂmwremlg The doHecttoni afifine cawprselsaemlest #eparamdtqulmsﬂnmblepxﬁmtl on t hat
has broken apar.t rough attrit The nitro fl ow passing through t he
attrition CJB e figst vrrﬁravﬁé&ilefioﬁl&a%mtmgwsrqgf @gpemqleécde@eecr

original amount of catalyst charged to the attrition cup expressed on per hour

basis is the ARI, in weight percent per hour (wt. %/hr). ARI is represented by the
formula: ARI = C/(B+C)/D multiplied by 100%, wherein B is weight of catalyst
composition left in the cup after the attrition test, C is the weight of collected fine
catalyst particles after the ﬁfst hour of attrition treatment, and D is the duration of
treatment in hours after the first hour attrition treatment.

[0075] In one embodiment, the molecular sieve catalyst composition or
formulated molecular sieve catalyst composition has an ARIT less than 15 weight
percent per hour, preferably less than 10 weight percent per hour, more preferably
less than 5 weight percent per hour, and even more preferably less than 2 weight
percent per hour, and most preferably less than 1 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 weight percent per
hour to less than 5 weight percent per hour, more preferably from about 0.05

weight percent per hour to less than 3 weight percent per hour, and most



the thinble are renoved fromthe unit. A newthinble is then installed. The
catalyst left in the attrition unit is attrited for an additional 3 hours,
under thewoganer4ghs fl ow and noisture | evels. The fines ceCrasvrtIsh t he
thinble are recovered. The collection of fine catal yst particles separated
by the thinble after the first hour are weighed. The amount in grans of
fine particles divided by the original,anount of catalyst charged to the
attrition cup expressed on per hour basis is the AR, in weight percent
per hour (wm. %hr). ART is represented by the fornmula: ARl = ¢ (B+C)/D
mul tiplied by 100% wherein B is weight of catalyst conposition left in
the cup aft ejrefel®Ipfib 400000, DeHWeightpbRedtper WA 1esOthan @ WaEkGH Jhpe
catal yst particles after the first ﬁour of attrition treatiment, and Dis

t he durati orpeshouttreat ment in hours after the first hour attrition

treatment. | ] I'n.one enmhodi t,.the | ecul ar sieve catal yst

conposi ti on @W& or MPQPEB%%@%HTWI@P%\P thegpgenfion, g Mmplearsisvhas an AR

| ess than 1 i : 10 wei ght

per cent per%ﬁﬁgeﬁ%lp gﬁgéhg ei;oglgfl?&glqg%lga{l asn V%Q\%%}Sjgsﬁg(ﬁnpédrgg%ﬁt per hour, and
even nore preherabd ysyrebaiteamleouleisght in greamentt of GomhZ0Nveighisbroast

preferably less than 1 weight percent per hour. In one enbodi nent, the
mol ecul ar~ sit@\W8 veaghfinpegent @ {1 yhameurk of Fomat P Gieiabinesgent, ghége

catal yst co Ltian. i . fr 0 i aht rcent per
hour to !eng %tﬁ%(ﬁ] ﬁ&\}é%ﬁ?g%lgr ctedr#mtéﬁ;?ti%%%gr%% eem%nrqéﬁsee\rgg%llg‘gepg m about
0.05 wei ghtwgehicEhe ilyfiQdm Qtibﬁ,&ﬁ)ohf&al@irﬁtiwﬁf,'aﬁbttha%"teﬁﬁd%mﬁgésiﬁ&yr1 and
nost WO 03/ 000413 PCT/ US02/ 19955 29 preferably from about 0.01 wei ght

percent per hing weghtgeto phbinder tasieyhof femckhto lepethah8.9r In pddii6d, the one
referred enbodi nent of. .the.invention he cul ar sieve . catal yst
(F:)orrposi tion % fa? SHPYRPAT R ﬂ%t;hégceiﬁrf HE?%@‘@S E%”@Lﬁe%? a&%‘?’?ﬁ‘&%ﬁ?ﬂ%%éas nprises a

synt hesi zed JyohegBlRlas sigYeby Rsmr@imtsoﬁazgm&em&@evé% g56 ppgLcent to 60
wei ght percent, a binder in an anmount of from5 to 50 wei ght "percent, and a

mat ri x nat ermallecilar sieveaamdiont aroART tessrib@n Rovéightweiaght pgpocent based on t he
total wei of e talyst conposj.tion, upon calcination, and the
cat al yst Cg SOLESS ; ,m‘(?s?ngt eMofeclr}Bu' gieve gatalyps)t Compositions

rpostri~ch

[0077] The molecular sieve catalyst compositions or formulated molecular

sieve catalyst compositions described above are useful in a variety of processes
including: cracking, of for example a naphtha feed to light olefin(s) (U.S. Patent
No. 6,300,537) or higher molecular weight (MW) hydrocarbons to lower MW
hydrocarbons; hydrocracking, of for example heavy petroleum and/or cyclic
feedstock; isomerization, of for example aromatics such as xylene,
polymerization, of for example one or more olefin(s) to produce a polymer
product; reforming; hydrogenation; dehydrogenation; dewaxing, of for example
hydrocarbons to remove straight chain paraffins; absorption, of for example alkyl
aromatic compounds for separating out isomers thereof; alkylation, of for
example aromatic hydrocarbons such as benzene and alkyl benzene, optionally
with propylene to produce cumeme or with long chain olefins; transalkylation, of
for example a combination of aromatic and polyalkylaromatic hydrocarbons;
dealkylation; hydrodecylization; disproportionation, of for example toluene to
make benzene and paraxylene; oligomerization, of for example straight and

branched chain olefin(s); and dehydrocyclization.



havi ng wei ght ratio of binder to sieve of fromO0.1 to less than 0.5. In
addition, the catalyst conposition of this enbodi nent has an MSA on a
cont ai nedweiogwendbasi s of the nol ecul ar sieve by itself fPOWUS02/19955
4502/ g- nol ecul ar sieve to 550 nR/g- nol ecul ar sieve, and/or an ARl |ess.
than 2 weight percent per hour. Process For Using the Ml ecul ar Sieve
Cat al yst Conpositions [0077] The nol ec r sieve catal yst conpositions or
formul ated nol ecul ar sieve catal yst conpositions described above are
useful in a variety of processes including: cracking, of for exanple a
naphtha feed to light olefin(s) (U S. Patent No. 6, 300,537) or higher

ol ecul ar weoghg] ( MYPrBEEQ pRIEBRBS ark RohRiESn ORIk BIRO RS htha to

hydrocracki ng, of for exanple heavy petrol eum and/or cyclic feedstock;

i soneri zat i dnghlyfardmoaticonamipress lghbohefin@stosgastlines distillgaeand lpbligants; | zat i on, of
for exanple one or nor | efin(s rodyce a pol ynmer, product; reform ng;
hydr ogenat i d{-Y8 V&P&Eﬁﬁ%ﬁii&%l)&bﬂ%ﬁ%&ﬁﬁ&g@ﬁap P FRHR3FES Ay dr ocar bons to
remove straighhueRal iy el ds Moy RRS s b aromat i ¢
conpounds for sgpar alﬁ ng aout Sirgso}’rers t(ﬁeragg?’;léﬂg%%%%??on, g?&flvcg)%élonexarrpl e
aromat i ¢ hydntecdcdiots aside ndsstdre nTen@ostpdefairkd probeR o i, ine@tioniwd |y Wi th

propyl ene to produce cunene or with | ong chain ol efins; transal kyl ation, of
for exanpl e MoeSHBITAHE] trihe ponviesvrn ¢l gpdsiqs| cpaIPKyINGOBARE MOy dr ocar bons;

deal kyl at i onyy %Xrgarté% 8%%;@,}0}&&'{3&% proportionation, of for exanple toluene
to mnake benzZere -an par axylene; of{gonerization, of for exanple straight

and branchgdordjai n oitefhélesilar savd caRisbEREpEitichs HeRAbedMBR3LR00413
PCT/ US02/ 19955 30 [0078] Preferred processes are conversion processes

i ncl udi ng: reepiheubalst wseli ivg penyerstamprosessesiof diffesent feqdgtock ol gpical(ss fhet o
e
(et hyl ene anglhoisag@ines eaeonyPchSRRYIRS ok Ahple AMERY &s OfktodddlaRd @l cohol s,
acids and esters. The nost preferred process of the rnvention is a process
di rect ed t o cali®xgbhouedsietheryhalades cudstpaks, edfipes, sndithe dike, and nnstuees
oxygenat es ttl(%er(cg(r)]f(.a "ﬁ{e aq}ﬁlgti(? rlngfeitynéfs t}lé aliphatic-containing compounds typically

contains from 1 to about 50 carbon atoms, preferably from 1 to 20 carbon atoms,

more preferably from 1 to 10 carbon atoms, and most preferably from 1 to 4

carbon atoms.

[0080] Non-limiting examples of aliphatic-containing compounds include:

alcohols such as methanol and ethanol, alkyl-mercaptans such as methyl

mercaptan and ethyl mercaptan, alkyl-sulfides such as methyl sulfide, alkyl-

amines such as methyl amine, alkyl-ethers such as dimethyl ether, diethyl ether

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

alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as

acetic acid.

[0081] In a preferred embodiment of the process of the invention, the

feedstock contains one or more oxygenates, more specifically, one or more

organic compound(s) containing at least one oxygen atom. In the most preferred

embodiment of the process of invention, the oxygenate in the feedstock is one or

more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the

alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,



[ 0079] The nol ecul ar sieve catal yst conpositions described above are
particularly useful in conversion processes of different feedstock.

Typi cal | ywotoheoo4izedst ock contai ns one or nore ali phati c- PORIGEOIL19965
conmpounds that include alcohols, am nes, carbonyl conpounds for exanple

al dehydes, ketones and ' carboxylic acids, ethers, halides, nercaptans,

sul fides, and the like, and m xtures tRhegreof. The aliphatic noiety of the
al i phati c-contai ning conpounds typically contains from1l to about 50
carbon atons, preferably from1l to 20 carbon atons, nore preferably froml
to 10 carbon atons, and nost preferably from1l to 4 carbon atons. [0080]

Non- | i mi ti ngaedkawpl msfendb plromhitol £eatut @bk NThe SoPIINERHAILRS kdtdeock al cohol's
such as net hanol and ethanol, al kyl-nercaptans such as nethyl mercaptan
and et hyl nmettRsPEcesseidhe inygniiomyaslude krwes straightapd bsarichediehaimaliphatic ani nes

such as neth ] |- rs such as dinethyl ether, diethyl ether
and net hyl et %Pﬁtg% %@drfh%ghﬁlﬁ‘f&{?aq%icgggtegp&gﬁ as nethyl chloride and et hyl
chloride, a[tosh] ket oNes-1BriGRg BSans BRS Bk K REQNEolud O Bk and

[008?% In a p?eferré%ﬁgﬁggﬁﬁﬁgnt of the

various acids such as acetic acid. [
process of t hepaieleisppiopanaleethyleatiidtetivk, donthal etherpdiethyt etirer, di-oxygenat es,

nore specificall e or or,gani g c oungd(s ntai ning at | east one
oxygen atom ISPRIO%N%&H%[Sforﬁlggfl;agﬁ’qeeég%‘ﬁl!fﬁa&P‘%@nﬁﬁtedgmﬁ%éfg‘?t@%%ﬂ@f%}dmvent i on,

t he oxygenat gqnd pitihe t [ . |y

al i phatic alcohoﬁ(s)saﬁﬁgg ?%gwéﬁfﬁ g??%”é@?%@93%§H$§%gaéngﬁgpgé%ghas from
1 to 20 car bfnmatnens mqe ef erediahyl, éthamol lditmethyDetbar, dizthydtetieBor WO 03/ 000413

PCT/ US02/ 19955 .31.anéem)gt preferably from1l to 4 carbon atons. The
al cohol s usefUnbigatignbgeph apore prefernly reshaneb anst dimethyil phenendmoshcl ude | ower

strai ght andeF%%gg?Qﬂ%ﬁgrn al i phatic alcohols and their unsaturated

count erparts. imting exanpl es of oxygenates include nethanol,

ethanol, n- [O8panol , Thewpionpdrakiociartiftybsedabve, phdienlarlflh T&IdbwLK et her,
di ethyl ether, di- isopropyl ether, formal dehyde, dinethyl carbonate,

di net hyl ket HBAINHERN 0Ky gerjagp, more particularly a feedstock containing an alcohol, is

converted primarily into one or more olefin(s). The olefin(s) or olefin
monomer(s) produced from the feedstock typically have from 2 to 30 carbon

- atoms, preferably 2 to 8 carbon atoms, more preferably 2 to 6 carbon atoms, still
more preferably 2 to 4 carbons atoms, and most preferably ethylene an/or
propylene. Non-limitihg examples of olefin monomer(s) include ethylene,
propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or
nonconjugated dienes, polyenes, vinyl monomers and cyclic olefins.
[0084] In the most preferred embodiment, the feedstock, preferably of one
or more oxygenates, is converted in the presence of a molecular sieve catalyst
composition of the invention into olefin(s) having 2 to 6 carbons atoms,
preferably 2 to 4 carbon atoms. Most preferably, the olefin(s), alone or
combination, are converted from a feedstock containing an oxygenate, preferably
an alcohol, most preferably methanol, to the preferred olefin(s) ethylene and/or

propylene.



and m xtures thereof. In the nost preferred enbodi nent, the feedstock is
selected fromone or nore of nethanol, ethanol, dinethyl ether, diethyl
et her or WO osooddihati on thereof, nore preferably nethanol pardsdt/neshyl
ether, and nost preferably nmethanol. [0083) The various feedstocks

di scussed above, particularly a feedstock containing an oxygenate, nore
particularly a feedstock containing an cohol, is converted primrily
into one or nore olefm(s). The ol efi n(s?i or olefin nonomer(s) produced
fromthe feedstock typically have from2 to 30 carbon atons, preferably 2

to 8 carbon atons, nore preferably 2 to 6 carbon atons, still nore
preferably ﬁgb@s]‘l carjige laf{procadits MRtko Q&]ﬁrfeﬁrf@é?is%cﬁmé{lo?é?ﬁ(ggn/ or
propyl ene. n-l'imting exanpl es of ol efin nonomer(s) include éthylene,

propyl ene, botledegvaripentreciand prodesyet dugh apsiaire oeackinghteema rdgenaatiene- 1 and
decene-1, preferably.ethyl ene, propylene, butene-1, pentene-1,

4- et hyl - perft® %ng’f% ‘ﬁé%éf? kﬁ’é’t Qﬁ’éi cpialyhis Gracking, desmatalic crasieg. ol ef i n
nmononer ( s) 'dﬁglx}f%‘?ealéﬂﬂgs afﬁylﬁ&S% rdFO Sess %e!nﬁgahﬂ%f@&é(d al.9,-18 carbon
atons, conjugate honconj ugat ed di enes, Ppolyenes, viny nonmers and

cyclic ol ef ioisfing (GX8R)orlaltetnatveipahethami-es-oRine (WMD) s GTdWgrobegdst ock,
preferably of one or nore oxygenates, is converted in the presence of a
nol ecul ar ~ sit@Risalbapafisb gas is opyssrd i aéyntheses gafwbﬁtls emnverieding af | | n( s)

having 2 to § car ) ca at ons

preferably, ¢ §(I¥ gnall?é) n%k(?éﬁsgﬁegér%\%bq%%m%gm tﬁf’%or% rl%owg?qaé fr om a

f eedst ock cqeécesmmgcmeﬁwgﬁmabﬁaserwe%ﬂfambe{llar@f&vekﬁt@t}@d conRsitionr ef erably
nmet hanol, to the preferred olefn(s) ethylene and/or propylene. WO

03/ 000413 PAmOUSE2I 1998 SlefiBfs)] el lyTetbylaneantéorypropyietss Jes MEOd t o convert
st eam or ackigeSt e redaerie] Sel o mbe el aPiediteea cr acki ng.
fluid catal Yoheifihd ol eevealdinthé fresime bk Rholecli siéha ig no, The
nost preferred procCess is generally referred to as gas-to- Ins (GTO or
al t er nat i velopmpuettioanidredfantol cak ion s1of dMIENin(s), prefe@hly qmldqnﬁkm;manﬂy,

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

[0086] In one embodiment of the process for conversion of a feedstock,

preferably a feedstock containing one or more oxygenates, the amount of olefin(s)

produced based on the total weight of hydrocarbon produced is greater than 50

weight percent, preferably greater than 60 weight percent, more preferably greater

than 70 weight percent, and most preferably greater than 75 weight percent. In

another embodiment of the process for conversion of one or more oxygenates to

one or more olefin(s), the amount of ethylene and/or propylene produced based on

the total weight of hydrocarbon product produced is greater than 65 weight

percent, preferably greater than 70 weight percent, more preferably greater than

75 weight percent, and most preferably greater than 78 weight perc;ent.

[0087] In another embodiment of the process for conversion of one or more

oxygenates to one or more olefin(s), the amount ethylene produced in weight

percent based on the total weight of hydrocarbon product produced, is greater

than 30 weight percent, more preferably greater than 35 weight percent, and most

preferably greater than 40 weight percent. In yet another embodiment of the

process for conversion of one or more oxygenates to one or more olefin(s), the



typically natural gas is converted into a synthesis gas that is converted
into an oxygenated feedstock, preferably containing nethanol, where the
oxygenat ewO oBoedss ock is converted in the presence of a nPCEASbAar99s3 eve
catal yst conposition into one or nore olefin(s), preferably ethylene
and/ or propylene. In a MIO process, typically an oxygenated feedstock,
nost preferably a nethanol containing gfedstock, is converted in the
presence of a nol ecul ar sieve catal yst “tonposition thereof into one or
nore olefin(s), preferably and predom nantly, ethylene and/or propyl ene,
often referred to as light olefin(s). [00861 In one enbodi nent of the

process for &ﬂéﬁh@bﬁ%@?y&ke BrddaedshAedght prefc%ﬁf(%a)@é)d ¥n ﬂlgfl}g@g&%igg{éo ont ai ni ng

one or nore oxygena t he amount of "ol'efin(s pr o on the

total wei ghthwom;}mnquédlbxbprqnluw&ﬁsgdeates tigmezit eeighthsencenf) prefledalyt per cent,
preferably greater than 6Q wei ght percg&%, nore preferably greater than 70
vei ght per ceHEACHRAR o SHelgit RpSFRfppTegpraterably gieals than 3R vemeht percertnt . | n

anot her enbadijng g\§, i,on of one or nore oxygenates
to one or nore %ftg |f%r%ls ,g%%%qg%b%ﬁ?e%ﬁp%%%ykene and/ or propyl ene produced
based on tHeossit al VRtiegbédstickhiyidine @aibboimedpt edlGinsPhe dH6REe difucat(§at er than
65 wei ght percent, preferably greater than 70 wei ght percent, nore

pref erabl y dVei&blbr useddp redpse fhsicgreenyetiennt the feedstapls tang aeef genaislly ngneat er
t han 78 wei r.cent 0871 1 n anot her odi ment., .of e .process for
g%gctR/% 1§ Gl f‘eec‘ias?oc )&; éneo legular sieye 8%%1?78‘(',(:0%'931’518{16?\?)?}(1@511’

conver si on one "or nor 8he anount

et hyl ene pr aguepksiol dieédHincluleheRith, £36:€Miesheh NGB BbnNGIQ RErHSA
hydr ocar bongﬁroduct produced, is greater than 30 wei ght percent, nore

pref erabl y ghesterwateranssestialkyi npntrepaive pataffimr(dsprostly alkaeéssuealbhy gr eat er

t han 40 wei ght . percent. In yet another enbodi nent of the rocess for
conver si on etgﬁée’ 8&1% 2gd 8@6@%&?@ entially JRB-Teactivg promsts FPWE’Q‘)“}d%; e wo

03/ 000413 P%{%@Q{h%%%ﬁﬁhé&o@%eﬂahe@Hﬂ@én@s%%%?er%ﬁ@oﬁgﬁyg@u e%'x{zﬁtﬁ"%bﬁbt percent

based on the total weight of drocar bon product pr I's greater than
20 wei ght pdreﬁ@mmimlmﬂyepmﬁdrge_d. greater than 25 wei ght percent, nore
F rhgl;]e ggbb\éi rﬂgg%:: CéElﬁl_r(]e d?l?ler\{f %vgfpai, iE Ssre%%ri]tthér in%qijqurig)g} a x?arp%I %orrr?l?lo%/ a great er
combination thereof. The diluent is either added directly to a feedétock entering
into a reactor or added directly into a reactor, or added with a molecular sieve
catalyst composition. In one embodiment, the amount of diluent in the feedstock
is in the range of from about 1 to about 99 mole percent based on the total number
of moles of the feedstock and diluent, preferably from about 1 to 80 mole percent,
more preferably from about 5 to about 50, and most preferably from about 5 to
about 25.
[0090] In one embodiment, other hydrocarbons are added to a feedstock
either directly or indirectly, and include olefin(s), paraffin(s), aromatic(s) (see for
example U.S. Patent No. 4,677,242, addition of aromatics) or mixtures thereof,
preferably propylene, butylene, pentylene, and other hydrocarbons having 4 or
more carbon atoms, or mixtures thereof.
[0091] The process for converting a feedstock, especially a feedstock
containing one or more oxygenates, in the presence of a molecular sieve catalyst

composition of the invention, is carried out in a reaction process in a reactor,

where the process is a fixed bed process, a fluidized bed process (includes a



[ 0088] The feedstock, in one enbodi nent, contains one or nore diluent(s),
typically used to reduce the concentration of the feedstock, and are

gener al | ywopepaomencti ve to the feedstock or nol ecul ar si ePeTABIALIYSE
conposition. Non-limting exanples of diluents include helium argon,

ni trogen, carbon nonoxide, carbon dioxide, water, essentially non-reactive
paraffins (especially al kanes such as 4gthane, ethane, and propane),
essentially non-reactive aromati c conpounds, and m xtures thereof. The
nost preferred diluents are water and nitrogen, with water being
particularly preferred. [0089] The diluent, water, is used either in a

liquid or a wepddntbed process), prefeablyi dantioiodsFRii¢iadd belifodlst, WaAndss ei t her
added directly to a feedstock enterin into a reactor or added directly

into a reactiseferably agerstuaps kigh valorisy thigized bed erocesst al yst conposition. In
one enbodinﬁﬂp9ﬂthe unt ..of dil uent ip t he feedstogy is.in the range of
from about 1oPeHabout! Bd 5P PRAESEN Fariake Blagh i veriet; of ca er of noles
of the feedst@aksanch & HybeidtreacRir® HRE BRI ddn@dTh@RYixed bEQ 1BLHEPIGPET CENL,
nore preferably fromabout 5 to about 50, and nost preferably from about 5
to about 25nd[c@de0fluidizedriedeedstidi menes cogplbdtoghthdr, orarlbiomesilddezedtedd to a
feedstock either directly or indire and incuide ol efin(s),

in tly,
orartinsy Saiein el hctabe and i ey Shstie EPtyenisal frocks Bss 7y’ 242,

addi tion of ALoMAkiif%r ega%lp}]e;g}s%g%reﬁmmoé7’6y9ar eferaRhyn! opy 02,

butyl ene, pentylene, an ocar béons’ havi ng or nore’carbon atons,
or m xtures (dhdrsef), ai{dBRMizhribh&ngimeedss . Muntiond €. Tenenspicl, Rasbsttdt K,
especially a_feedstock. containing one or. nore ox¥?enates, in the presence

of a mol ecul et Byelishinembompanye bspokerki Yewofork A87 T ihish areall h@e@ifga[) r ijed out
brocese. o AP GREGH Ed0E BB e (HIEhE MG P HRRERTEE b 027 19055

34 turbul entgehedlipideseidsd in Risef RERMrYFRidiaiion dme Wuiti\Rbr8ile Sslstbpd process,
and nost preferably a continuous high velocity fluidized bed process.

[0092] The rrages 4ot 19 HcbLag apa P ¥ {kbmp) Reiaheld Pablishing Corpstatioat al yti c
New York, 1960, and U.S. Patent No. 6,166,282 (fast-fluidized bed reactor), and
U.S. Patent Application Serial No. 09/564,613 filed May 4, 2000 (multiple riser
reactor), which are all herein fully incorporated by reference. |
[0093] In the preferred embodiment, a fluidized bed process or high velocity
fluidized bed process includes a reactor system, a regeneration system and a
recovery system.

[0094] The reactor system preferably is a fluid bed reactor system having a
first reaction zone within one or more riser reactor(s) and a second reaction zone
within at least one disengaging vessel, preferably comprising one or more
cyclones. In one embodiment, the one or more riser reactor(s) and disengaging
vessel is contained within a single reactor vessel. Fresh feedstock, preferably
containing one or more oxygenates, optionally with one or more diluent(s), is fed
to the one or more riser reactor(s) in which a molecular sieve catalyst composition
or coked version thereof is introduced. In one embodiment, the molecular sieve
catalyst composition or coked version thereof is contacted with a liquid or gas, or
combination thereof, prior to bein)g introduced to the riser reactor(s), preferably

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



reactors such as hybrid reactors that have a dense bed or fixed bed
reaction zones and/or fast fluidized bed reaction zones coupl ed toget her,
ci rcul at iwg oBlooi4ds zed bed reactors, riser reactors, and Pha/usoke9sSuitabl e
conventional reactor types are described in for exanple U S. Patent No.
4,076,796, U.S. Patent No. 6,287,522 (dual riser), and Fluidization

Engi neering, D. Kunii and O Levenspi eI35 Robert E. Krieger Publishing
Conmpany, New York, New York 1977, whichare all herein fully incorporated
by reference. The preferred reactor type are riser reactors generally

described in R ser Reactor, Fluidization and Fl uid- Parti cle Systenms, pages

48 to 59, F. [609@9”2 andn @nﬁiodﬁéﬁ@he Rabii ok defiibissili g agag&?tok on, New

York, 1960, and Pat ent 6, 166, 282 (fast-fl ui d| ze eactor) and
U S. Pat entjoﬁwplmﬂaa qurﬁmds‘abk Noa r@@tcﬁs@;lstaﬁ?os inithechniybyf BpomAD0D0 (nul ti pl e
riser reactor), which are al erein fully |ncorpor ted by reference.

[0093] In th‘@elgmeﬁeé‘?%@ Kb Wélrgbf pegeqnf, prefieably e P‘Hcle‘é’él%"r hi gh

velocity fl P eration
Systom and S e SRS OLREERAL BT HORRAChERT AN SUR B ARRE T 2
fluid bed resaboit GSywtighn geasentibasad of iestbtal @@izht 6Mthe Gsedstdbik hicrmdﬁige or nore
riser reactor(z% and a second reaction zone wthin at |east one

di sengagi ng aaskiaent Cﬁ’ﬁl@ﬂ@démf?iﬁcG?hﬁﬁiqgidrﬁgldd’ﬁéoﬁfﬁedﬁms esecirefably ofn one
o e i SR RGPkl S dsh, EERRAL (B MRS e oS ' °

contai ned wiYt sin or’ vesse $%r abl y

cont ai ni ng Qﬁffeﬁhtf&ﬂ@ocﬁ%&ﬂl@ﬂﬂtsaﬁle o Biffepsildlientd t h one or nore diluent(s),
is fed to the one or nore riser reactor(s) in which a nol ecul ar sieve
catal yst coni98%¢lt i on Th@rfe@bm@bl ev"@rlsgdwr@mresaﬁemss preferably cetverted, one
enbodi nent, the cat al yst conpositjon coked version

t hereof is é@ﬁ?ﬂgp ngcbtﬁ’ A+ ﬂ}f Ilrnsﬁlﬁf“&(’lb?o Jyoa n?eo%ﬁ%fuﬁ’é tglﬁ)tanfeﬁ%ﬂ]@of prior
to being Intdlsyauggﬁgw@sselhﬁoﬁg WRh a'cBR&E Ablellar PRI S ?ﬁk xom{a&ﬁldd qﬁl d is
wat er or nethanol; e gas is an inert gas suc as nitrogen.

03/ 000413 PGh¢ p@ﬁ&taﬂ%ﬂ&dm&n{@@ﬁﬁﬂe(gb withm tﬁaﬂmdng@ntgvebﬂamﬂmmghecbf fresh
feedstock fed separately or, j.oi ntI;r Wi th a vapor feedstock, to a reactor
systemis i A0 SERAT#tY Blecylattieys optalyst composition, preferably a coked molecular

sieve catalyst composition, from the gaseous effluent containing one or more

olefin(s) within the disengaging zone. Cyclones are preferred, however, gravity
effects within the disengaging vessel will also separate the catalyst compositions
from the gaseous effluent. Other methods for separating the catalyst compositions
from the gaseous effluent include the use of plates, caps, elbows, and the like.
[0097] In one embodiment of the disengaging system, the disengaging
system includes a disengaging vessel, typically a lower portion of the disengaging
vessel is a stripping zone. In the stripping zone the coked molecular sieve catalyst
composition is contacted with a gas, preferably one or a combination of steam,
methane, carbon dioxide, carbon monoxide, hydrogen, or an inert gas such as
argon, preferably steam, to recover adsorbed hydrocarbons from the coked
molecular sieve catalyst composition that is then introduced to the regeneration
system. In another embodiment, the stripping zone is in a separate vessel from
the disengaging vessel and the gas is passed at a gas hourly superficial velocity
(GHSV) of from 1 hr to about 20,000 hr' based on the volume of gas to volume

of coked molecular sieve catalyst composition, preferably at an elevated



wei ght percent to about 85 weight percent, preferably fromabout 1 weight
percent to about 75 weight percent, nore preferably from about 5 wei ght
percent WO oaloedi3 65 wei ght percent based on the total weiPghtuSot/1995%
feedstock including any diluent contained therein. The |liquid and vapor
feedstocks are preferably of simlar or the same conposition, or contain
varyi ng proportions of the sane or different feedstock with the sane or
different diluent. [0096] The feedstock entering the reactor systemis
preferably converted, partially or fully, in the first reactor zone into a
gaseous effluent that enters the disengaging vessel along with a coked

nol ecul ar  sigmBelafir@fvii 2 3090RO 8bdit 80°d @)reﬂ:ﬂaﬁl ¥ th ebdiRd serd esé st |
cyclone(s) within the disengaging vessel are ge5| gned to separate the

mol ecul ar  siwwetheapkedmlaculpeisie ¢atalystspmpesititl.y a coked nol ecul ar  sieve
cat al yst corfﬁﬁ? tion,.fromthe geaseous ef fl ue ontai ni ng one or nore

ol efin(s) wi t he TReSORYHYPR SFrRsHErre&yy! Bsm OB P ORPE S however

gravity ef fs%@&ﬁcélﬂyt@ltﬁﬁnttﬂ@regbt%ﬁgsg% @Qm%ﬁ@%ﬁ' o W frbm3lbQt SRPe &é‘t e the
catal yst conpositions fromthe dgaseous eff § O her nethods for

separating tdbeutb(tO@PQ,spre&whbgoﬁom abost 250° G hbmlt@aé‘ébunorefpfdfemh]ty i ncl ude the
use of plates, and the |ike. | n _one_enbodi ment of the
di sengagi ng fgg;gta ?Ht Ztsﬁegéﬁ %@H@%@ %’% Ye%?’é’f%ﬁ’ﬁ#%%%k‘@? abogt 3¥hbdgi ng vessel ,

typically a J,guessoper §t%t%@eﬁ) o['%ﬁr %E | ¥Gut Y5E8) Fb@p%oé“é LRRY ng zone.

In the stripping zoné the co ar sieve cata osition is
contact ed wigrbfesabfafompbeiied CYo ab@rt §50%C.conbi nati on of steam met hane,
car bon di oxi de, carbon nonoxi de, hydrogen, or an inert gas such as argon,
preferably J08% to H@@@v‘é@ma@@mswa emymye@mbeﬁ@n\femm prsessoked

nmol ecul ar si eve nthat is then introduced to the

T ener ot o PEEih Rl SERRASH Sishih \RAks dver b RAAe WE%B“’E“ e is in a
separate Vesﬁ%cehéﬁ%@r’éﬂ@réﬁ'”ﬁﬁ%ﬁ@érﬂGn}éfb%éiﬁb istided O3t Fﬁ@ﬁﬁ@@f at a gas
hourly superficial velocity from1l hr 1 to abou 20,000 hr 1

based on thehe &edstecloéxcga3$vetof any Iddnglt tleefreio o K plicalby él@wbaverspapeesmac al yst
CoOe O o Aot B S ST BhEST RO RS (30
preferably from about 5 kPaa to about 1 MPaa , and most preferably from about
20 kPaa to about 500 kPaa.
[0100] The weight hourly space velocity (WHSV), particularly in a process
for converting a feedstock containing one or more oxygenates in the presence of a
molecular sieve catalyst composition within a reaction zone, is defined as the total
weight of the feedstock excluding any diluents to the reaction zone per hour per
weight of molecular sieve in the molecular sieve catalyst composition in the
reaction zone. The WHSYV is maintained at a level sufficient to keep the catalyst
composition in a fluidized state within a reactor.
[0101] Typically, the WHSV ranges from about 1 hr ™ to about 5000 hr ',
preferably from about 2 hr' to about 3000 hr, more preferably from about 5 hr
to about 1500 hr, and most preferably from about 10 hr' to about 1000 hr'. In
one preferred embodiment, the WHSYV is greater than 20 hr', preferably the
WHSYV for conversion of a feedstock containing methanol and dimethyl ether is in

the range of from about 20 hr to about 300 hr.



over the coked nol ecul ar sieve catal yst conmposition. [00981 The conversion
tenperature enployed in the conversion process, specifically within the
react or swetspo4its in the range of from about 200C to ab®cr/US0DNESS
preferably from about 250C to about 800C, nore preferably from about 250C
to about 750 C, yet nore preferably from about 300C to about 650C, yet
even nore preferably from about 350C to,about 600C nost preferably from
about 350C to about 550C. [00991 The co%@ersion pressure enployed in the
conversion process, specifically within the reactor system varies over a
wi de range including autogenous pressure. The conversion pressure is based

on the partim@honr essunfes%erffrcﬁ@gise@e@éat?qsg?sgk%@fg@dsaickmucﬂhégH ttherein.

Typi cal ly the conversion pressure enploy in the process Is In the range
of from aboundOedctioRaaodustsabithin tie feRaar systernef erafbdaylyfsuffiviaboufluididePaa t o

about 1 MPaa, an st.preferably from ahout 20 kPaa to about 500 kPaa.
[01001 The W&Fginle r“ieg’e%%é’ét {PEROETHOY "(18%%%‘?305% £onedn 849 525198 2 process

for convertifg a;{/88 Sl?et a[l?rﬁgesg,aﬁ}@éumr fong o regafnesaﬁf%\#? ﬁhﬂg Sgrtitzﬁ!lafl

e
presence of a nolec sl eve catal'yst conpositi n-a reac?ion zone,
i s defined asithiheh¢ nsalreacwr(syHs atibast Dd heedsdraedondXal/s¢d), peefaaylydi | uents to
the reaction zone_ per hour per weight of nolecular sieve in the nol ecul ar
si eve cat al yEEBIHA®8iStPGAC, impre Resterplly @reagns thasnbm/SPREEVORBPTE s mai nt ai ned at

a level suffjci C sitdon in fluidized state
Nithin o redifisfy balit R 8552 VR S3h mES PRSP g P T 117G
about 5000 hind méRpedfalably dréQen taRONn/&chSed fdrexaRpltu 800 ehr 1, nore

preferably fromabout 5 hr' to about 1500 hr 1, and nobst preferably from

about 10 hr ApplisatienSerialddp 0Af708,763 fileshdoyandfes By 20 0cwhishiisrherein t he WHSV i s
greater than 20 hr %gﬁprg$erably the WHSV for conversion of a feedstock
cont ai ni ng nBtHBNGFCINS St MEhyl ether is in the range of from about 20 hr

-1 to about @@sjhr 1-Ip‘6@e?§f!&%9%@odﬂﬂédé%@%{ 8cx3s fot Coh Pkl |?n1-2ﬁt

superficial gas velocity of the feedstock 1 ncluding
oxygenate to olefin(s) using a silicoaluminophosphate molecular sieve catalyst

composition, the process is operated at a WHSV of at least 20 hr' and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See for example U.S. Patent No.
5,952,538, which is herein fully incorporated by reference. In another
embodiment of the processes for converting an oxygenate such as methanol to one
or more olefin(s) using a molecular sieve catalyst composition, the WHSV is from
0.01 hr to about 100 hr, at a temperature of from about 350°C to 550°C, and
silica to Me,0O; (Me is a Group IITA or VIII element from the Periodic Table of
Elements) molar ratio of from 300 to 2500. See for example EP-0 642 485 B1,
which is herein fully incorporated by reference. Other processes for converting

an oxygenate such as methanol to one or more olefin(s) using a molecular sieve
catalyst composition are described in PCT WO 01/23500 published April 5, 2001
(propane reduction at an average catalyst feedstock exposure of at least 1.0),
which is herein incorporated by reference. .

[0104] The coked molecular sieve catalyst composition is withdrawn from
the disengaging vesselr, preferably by one or more cyclones(s), and introduced to

the regeneration system. The regeneration system comprises a regenerator where



and reaction products within the reactor systemis preferably sufficient to
fluidize the nolecular sieve catalyst conposition within a reaction zone
in the reaotodnoodsThe SGV in the process, particularly w thiPaTiuse2i®act or
system nore particularly wthin the riser reactor(s), is at least 0.1
nmeter per second (msec), preferably greater than 0.5 nisec, nore
preferably greater than 1 m sec, even e preferably greater than 2

m sec, yet even nore preferably greater"than 3 msec, and nost preferably
greater than 4 msec. See for exanple U S. Patent Application Serial No.
09/ 708, 753 filed Novenber 8, 2000, which is herein incorporated by

ref erence. [t@é%‘l@ed'd&%ﬂﬁ?c?&ﬁ&ﬁﬁé@g c%ff%ﬂ&@&(ﬁ?ﬂﬁtaﬁéeﬂe%ioﬁw&ﬁﬁﬁ for converting

an oxygenate to olefin(s) using a silicoalum ndophosphate nol ecul ar sieve
catal yst coprplesibly agas tdndaipingosggen, sndepgeatradegdnemtivtiSvhdifioratofl east 20 hr'

and a Tenperature Corrected Nornmalized Methane Selectivity (TCNMS) of |ess
than 0. 016, CHPERBIEHIGsSHEndrpsdengs time, Aonrlgniging pxamples P%%eexarrpl e US.

Pat ent No. évaé%atgﬁq?e%qgclﬁée QRS inghr UE 1))%’_}1 .eﬁ'C@r ey, %%j Mr%g@f erence. In

anot her enbodi nent o rocesses for converting an oXygenat® such as

met hanol t o M@, aigraindifeedvih init{zkn Us tdiBoradioRide Coxy@tn siEwateE@ 8| ySt
conposition, the WHSV is from 0.01 hr' to about 100 hr', at a tenperature
of from aboRaigBOR. 6455§8), carhan manorids apd/onbybiesqunveliegegeneragiop |11 A or

VIIIl elenent_ fr h i od] | e. of . ElLenent I atio gf from 300
to 2500. See™ 18%8& %Fr?ﬁﬁggeé%-g%bq%@%?%ﬁf’lfe R ”ﬁ@ﬁ%lgeﬁﬁ:g%s{]cmqs&on,

i ncor por at edprbferdbey &Y £RGEL ledstthal 0. PFRESS pETehtVasINBE tdtAGvaPtdfYgenat e such
as nethanol to one or nore olefin(s) using a nolecul ar sieve catalyst

conposi ti on eked dwdenuidseve natPETt NDIOIitiod SaEripg ticiregrndratipn systSn. 2001
(propane reduction.at. an. average catalyst feedstock osure of  at |east
170y, ahi e RIS et FaY St ClmRipe paPde Ireis firpeqEaicioBns

mol ecul ar siael\égemteamecg&m%Eeitmstic%mgbgmeﬁ.am from the disengaging
vessel, preferably by one or nore cyclones(s), and introduced to the

regener ati on039St em Theaegagemen admjoamatasest enhe oaneiof @envaboageiteCabor wher e

Vo 03/ 000413ab|gg‘;r { 5%%9é,/ %r% e?e?bly ?ns)m about 300°C to about 1000°C, more preferably
from about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103
kPaa) to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to
about 250 psia (1724 kPaa), more preferably from about 25 psia (172kPaa) to
about 150 psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa)
to about 60 psia (414 kPaa). The preferred residence time of the molecular sieve
catalyst composition in the regenerator is in the range of from about one minute to
several hours, most preferably about one minute to 100 minutes, and the preferred
volume of oxygen in the gas is in the range of from about 0.01 mole percent to
about 5 mole percent based on the total volume of the gas.
[0106] In one embodiment, regeneration promoters, typically metal
containing compounds such as platinum, palladium and the like, are added to the
regenerator directly, or indirectly, for example with the coked catalyst
composition. Also, in another embodiment, a fresh molecular sieve catalyst

composition is added to the regenerator containing a regeneration medium of

oxygen and water as described in U.S. Patent No. 6,245,703, which is herein fully



t he coked catal yst conposition is contacted with a regeneration nmedi um
preferably a gas containi ng oxygen, under general regeneration conditions
of tenpeweatmae4ipressure and residence tinme. Non-limting@CFABIPL®SS of the
regeneration medi uminclude one or nore of oxygen, 03, SO3, N20, NO N2,
N205, air, air diluted wwth nitrogen or carbon dioxi de, oxygen and water
(U.S. Patent No. 6,245,703), carbon xi de and/ or hydrogen. The
regeneration conditions are those capabl e of burning coke fromthe coked
catal yst conposition, preferably to a level |less than 0.5 wei ght percent
based on the total weight of the coked nolecul ar sieve catalyst

conposi ti on jgfirBbiaitd Hyltefer@RENBI Pt hARth &Y I MmdIea p(ﬁﬂgﬁgf felc8E si eve
catal yst conposi t| on Wi thdrawn fromthe regenerator forms a regenerat ed

mol ecul ar simelecwart Saewata&xsﬁrp@:apmmtmn fr¢0 1o diteeatoriy eetematl idoacttyetoper at ur e
is in the rﬁgge of from about égh ghgt 1500C, pref%égbly f rom about
300C t o abodt® IBDYCLOIRHFE" FREPEF AT I 1fP‘F‘ wBEutoiEsHes PethdBeut 750C, and
nost prefer rgssure is in
t he range O?Q%%g%&a a%?ﬂ%%n%éﬁ&f&%%gﬁ@% g@g%eﬁggag%g%%gﬁgﬁaq(3448 kPaa) ,
preferably fooatacthpuflth2Gegsicentddlid8lekRanievteatatyzo ubma&Riqgissra dodledd kPaa),

nore preferably from about 25 psi aﬁ%l?ZkPaa to _about 150 psia (1034
kPaa), and rissinepitest mplogylor W‘f?rﬁ% £OBPOPHEPH f(SQ@de@éfa/y to about 60 psia

(414 kPaa). [M"&]pr ef e[‘he%ﬂrrﬁﬁ%bf’@oﬁ%%?s gr{ %E)tﬁ)ermgc \%a o gnré @lan sieve catalyst

conposition’in the regenera IS 1n range o lglOUt one mnute to

sever al houre&nbdamﬁentpﬂheft@ﬁpéa&tureabﬂuh i @gdHerition sszﬁeth@cdﬁtfumte@ﬁ and the
preferred volune of oxygen in the gas is in the range of from about 0.01

nol e per centvagigus igsbiigud prdhecarpiacludmg foetiegia ovplehgastto the regesierater of t he gas.
[01061 In one ewbodi ne r.ati ronot ers |caII nmet a

cont ai ni ng cgﬁsﬁgb@ﬁﬁ?teéﬂ%ﬁe gagtfag‘f ?f?ﬁn B‘éﬁ |°5§ﬁn&1rﬁ°§-&f\é ?Uﬁén? %& % are added to
the regener@hindiohdkdrbof: Oprefddin&bhlghe id Wiy XAMRAvinG ik LS Loked

catal yst conposition. Also, in another enbodi nent, a fresh hol ecul ar sieve
cat al yst camﬁesﬂanmwvaama@ddeﬂnpmmnduihne@mn&gakuﬂmnayﬂmmnmﬂgaﬂnﬁﬁgenerat|on

medi um of o gen and Watl as. descrjibed in U Pat ent No. 6, 245, 703,
which is hert ?Woﬁmrﬁty %}%@@zigatﬁﬂ@qf/oemﬂi@@@youg a catalyst cooler that

forms a cooled regenerated molecular sieve catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either intemal or
external to the regeneration system. In one embodiment, the cooler regenerated
molecular sieve catalyst composition is returned to the regenerator in a continuous
cycle, alternatively, (see U.S. Patent Application Serial No. 09/587,766 filed June
6, 2000) a portion of the cooled regenerated molecular sieve catalyst composition
is returned to the regenerator vessel in a continuous cycle, and another portion of
the cooled molecular sieve regenerated molecular sieve catalyst composition is
returned to the riser reactor(s), directly or indirectly, or a portion of the
regenerated molecular sieve catalyst composition or cooled regenerated molecular
sieve catalyst composition is contacted with by-products within the gaseous
effluent (PCT WO 00/49106 published August 24, 2000), which are all herein
fully incorporated by reference. In another embodiment, a regenerated molecular
sieve catalyst composition contacted with an alcohol, preferably ethanol, 1-
propnaol, 1-butanol or mixture thereof, is introduced to the reactor system, as

described in U.S. Patent Application Serial No. 09/785,122 filed February 16,



39 incorporated by reference. In yet another enbodi ment, a portion of the
coked nolecul ar sieve catal yst conposition fromthe regenerator is
ret ur ned Woroaood4y3to the one or nore riser reactor(s), oRPCIrut0z/em®ssy, by
pre-contacting with the feedstock, or contacting with fresh nol ecul ar

si eve catal yst conposition, or <contacting with a regenerated nol ecul ar

si eve catal yst conposition or a cool ed Agfegenerat ed nol ecul ar sieve

catal yst conposition described bel ow [0107] The burning of coke is an
exotherm c reaction, and in an enbodinent, the tenperature within the
regeneration systemis controlled by various techniques in the art

i ncl udi ng f exdi n\@hi%h@.@@ér@ﬁfﬁﬂ?lﬂc@rﬁok’a@edlﬁg%é@éeoroméﬁﬁ&%ds fgperated either
in a batch, continuous, or sem -conti nuous node, or conbi nati on t hereof.

A preferr ed Ctp@tﬁhlngquegﬂnﬁm@bu@sstemtamjmalmchgedhbs rRa@nélioaﬁ 280,806 ecul ar si eve
cat al yst conposi tion fr ner af i.on stem assing the

r egener at ed% ]:5'?%?1%% %W ?5 O\E{E’%ﬁteflﬁYS iR cat al yst cool er
that = forms @ieqol ed MRGEAREAIAIIRLAGE) AlBLEARERIIGH whRiRRR! L on. The
catal yst cool er, in an enbodinent, 1s a heat ‘exc ger t I's | ocated

ei ther int erfrrah t}(frregmdrairomeslystbm pﬂeﬁeratﬂgﬁmmmblc@ualysy&iodaen 1slcnmbmedenbod| ment ,

t he cool er gl? %:ti | ecul ar sieve catal yst conposition is returned to
t he regenera"t’ a frgshymolssilap gy catalygt cempggitin W/?Wt%fcukaéeéién@e@ alpat ent

Appli cation c@!&lﬁ@fzorﬂﬁésﬁ& aga%rffééd? Iclg H{fcﬁor ﬁleshé%?g} 1ifuifl€ grhyon of the |

cool ed regenera ar ‘sieve ca re M8t urned to the

regener at or r¢gssd toitiie dset Bciod R UR a@mﬂeeema@tdm@ﬁptﬂt% $RfdédmoRrEulat he
cool ed nol ecul ar sieve regenerated nol ecul ar sieve cat al yst conposition is
returned to si¢ve cpiabist cc?fémmwythdrawnér@m the segenpiatipesxstem lsdﬁtuanqddot i on of

th t d t t | ted
ol ecular - 416 U8 R PR TEOnp SCCUR e RONDBC R AP BPBau o wi t hi
the gaseous orelehlu@Rherk PG, A48 1AaRUbL) BBAthAUGSH 2 2AR0), Whi ch

are all herein fully incorporated by reference. |n andther enbodi nent, a
regener at ed liksl mul—camtmmlmibeorwnamwlycfmﬂmaes themtowincaot efthed t h an
al cohol , preferabl naol , .1-but ﬁn0| or m xture th&r eof, is

i nt roduced tISO‘?“ﬁ@t {168 a’éVEYee‘?ﬁ CORJRREHOTHOFNS FPagiossySEeRm.JRe fe1®8h1 i cat i on
Serial No. QQifBmelamdieSe E&REASTY 16,

[0109] In one embodiment, the optimum level of coke on the molecular
sieve catalyst composition in the reaction zone is maintained by controlling the
flow of the regenerated molecular sieve catalyst composition or cooled
regenerated molecular sieve catalyst composition from the regeneration system to
the reactor system, a complete regeneration. There are many techniques for
controlling the flow of a molecular sieve catalyst composition described in
Michael Louge, Experimental Techniques, Circulating Fluidized Beds, Grace,
Avidan and Knowlton, eds., Blackie, 1997 (336-337), which is herein
incorporated by reference. In another embodiment, the optimum level of coke on
the molecular sieve catalyst composition in the reaction zone is maintained by
controlling the flow rate of oxygen containing gas flowing to the regenerator, a
partial regeneration. Coke levels on the molecular sieve catalyst composition is
measured by withdrawing from the conversion process the molecular sieve
catalyst composition at a point in the process and determining its carbon content.

Typical levels of coke on the molecular sieve catalyst composition, after



WO 03/000413 PCT/ US02/ 19955 40 2001, which is herein fully incorporated by
reference. O her nethods for operating a regeneration systemare in

di scl osedw0.0300Ra3 ent No. 6,290,916 (controlling noistur @CI/ush/cd9ss s
herein fully incorporated by reference. [0108] The regenerated nol ecul ar:
si eve catal yst conposition withdrawn fromthe regeneration system
preferably fromthe catal yst cooler, is,conbined with a fresh nol ecul ar
sieve catal yst conposition and/or re-circul ated nol ecul ar sieve catal yst
conposition and/ or feedstock and/or fresh gas or liquids, and returned to
the riser reactor(s). In another enbodi nent, the regenerated nol ecul ar

si eve catal yighefePRRSE td 08 raMge g ERWN of01 ARiE G ef REEDQLBHT 1BNwS ¥Rt em | S
returned to the riser reactor(s) directly, optionally after passing

t hrough a cateatepstpreferbby frothrabogrie]l welghtipereent to sbayiad @ wsight percéntas an i nert
gas, feedstock vapor, . sfeam or e .lLike, sem -continuously or

dont i nuous! yORER R BERaEY b PeiRiE R BrRtar SR FRY SRR ol ecul ar

si eve catal yrﬁBstﬁ)?é}Pf%t%l};fr&H abQuild P weRAE bQter S Lk 2 RIEIR pRREM: bab&Q &€ one or
nore riser reactor(s).” [0109] In one enbodi ment, the ©optinumlevel of coke
on t he nol ecit atal weighteofahd mblestlacgnyposidtriod thei total tveightaltthe orvleotae | s

mai nt ai ned by controlling the flow of the regenerated nol ecul ar sieve

cat al yst conpd&i @iyt 6PMEYI¥Y regener at ed nol ecul ar si eve cat al yst
conposition t he i . a conpl ete
regenerati on[T0 I’li)fl'ql"ere g%?%ﬁ%%%@%\%%@@ %lrg ml%%g Jrﬁ?)f?%lh(r}i{ﬁolté %‘Z&E Fgg\?v of a

nol ecul ar  si Qygys abmabystiof aiPeSictérRmteesolcchiatsieve caldigdashpbsitige,
Experimental Techniques, Circulating Fluidized Beds, G.ace, Avidan and
Know t on, edand/orRpalsdiregeneted naseUaFmve ol shcampaseias in the ise@iopor at ed by

reference. | n another .enbodi ne t he tinoum L evel of coke.gn. the .
mol ecul ar si&VE C(Q,%tlag’lsy}%%%c% eocgfff%ﬁ (?u%qtt'ﬁgy r‘Ng@{ PSWe%to%rgk(qr%b?}?‘gﬁoﬂ} ai ned by
control ling 4dagt § kP¥0 (aloht PhrcéhtyE6r rORtBly Yo 288 X loQbbiR 0 Weikie
regenerator, a partial Tegeneration. Coke |levels on the nol ecul ar sieve

cat al yst congrosint,iand nast prefeshly échnbgbonit £ Helatzowit 9 cblreoon dationeeouer si on

process Lhe o2 SLEY e L YPh, SOTRASL L hBkehr Bollly the Process

compositions. See for example U.S. Patent No. 6,023,005, which is herein fully

incorporated by reference. It is recognized that the molecular sieve catalyst
composition in the reaction zone is made up of a mixture of regenerated and fresh
molecular sieve catalyst composition that have varying levels of carbon and
carbon-like deposits, coke. The measured level of these deposits, specifically
coke, represents an average of the levels on individual molecular sieve catalyst
composition particles.

[0111] 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 a various separation, fractionation
and/or distillation towers, columns, splitters, or trains, reaction systems such as
ethylbenzene manufacture (U.S. Patent No. 5,476,978) and other derivative
processes such as aldehydes, ketones and ester manufacture (U.S. Patent No.

5,675,041), and other associated equipment for example various condensers, heat



Typi cal |evels of coke on the nol ecul ar sieve catal yst conposition, after
WO 03/000413 PCT/ US02/ 19955 41 regeneration is in the range of fromO0.01
wei ght pewoeabose3 about 15 wei ght percent, preferably fr@ecTasou1998s 1

wei ght percent to about 10 weight percent, nore preferably from about 0.2
wei ght percent to about 5 weight percent, and nost preferably from about
0.3 wei ght percent to about 2 wei ght pejLent based on the total weight of
t he nol ecul ar sieve and not the total weight of the nolecular sieve

catal yst conmposition. [01101 In one preferred enbodi ment, the m xture of
fresh nol ecul ar sieve catalyst conposition and/or regenerated nol ecul ar

si eve cat al yschseROsdffib@itiorPddieRls oF @RI1EhiAE 86MpPFaIRY kKABLESH RimSbEVE
catal yst conposition in the reaction zone contains in the range of from
about 1 to S®tsypugiys, drtbehks. Neretiovtag gxatpben of dimsetoviers, goBMnagi ght
percent, nore.preferably fraogmabaut 2 to _.abou 0 wei ght ercent, and nost
preferably fsrpblﬁiarétﬁ’ﬂiﬁ'iamﬁ%tsgfa%%?r1§}§°E]('3H@t18’ilHE: SRECEBRE 0i}cz‘aeposit based on

t he total i } i conposi tions.
See for exansioiizer RSl Fiad s f-BGH Ripepky GRichiokBhr a1

i ncor por at edidpyopaaizer, preferablyta wet depropamizares waktatowieh eftemtefarddac asheve
catalyst conposition in the reaction zone is nade up of a m xture of
r egener at ed @HHLF VEIHOWRHIKRT Gends teyier, ahioabgrs tadshprsdnembianesat  have

varying |ev eétlzylgxteep@?:) ?@?ﬁ%@gpﬁ%@@? lsﬁllétgeig,gtsﬂ&sei (bﬁg sep;i?&F and B (Rasur ed

| evel of thes I'ca repre S’an average of the

| evel s on in@iyijdual Van®eWodweryiseuems asctllydt recoiR@Prédodiindalit i cl es.
[01111 The gaseous effluent is withdrawn fromthe disengagi ng system and

i's passed t iriefi(k), arefereblyarimesydishirplefing) sudiras ethatspemprbpylRmoand/arecover y
and puri fy BB ARy SE AT Ry dR o A el BRSBTS s e
P act L onat o Tt on- T ouar el sissd (RRIRUE S0P, Tai ne
reacti on syssepamstionsg,HJ s PatenttyéTel/eipeessma démntlentad{db &its)PdtSe Ratehb.
>, 476, 978) aNn(():I. 6?56%?588(1(%92&\(/)%&; ¥e(ranoval), U.S. Patent No. 5,904,880 (recovered

methanol to hydrogen and carbon dioxide in one step), U.S. Patent No. 5,927,063

(recovered methanol to gas turbine power plant), and U.S. Patent No. 6,121,504

(direct product quench), U.S. Patent No. 6,121,503 (high purity olefins without

superfractionation), and U.S. Patent No. 6,293,998 (pressure swing adsorption),

which are all herein fully incorporated by reference.

[0113] Generally accompanying most recovery systems is the production,

generation or accumulation of additional products, by-products and/or

contaminants along with the preferred prime products. The preferred prime

products, the light olefins, such as ethylene and propylene, are typically purified

for use in derivative manufacturing processes such as polymerization processes.

Therefore, in the most preferred embodiment of the recovery system, the recovery

system also includes a purification system. For example, the light olefin(s)

produced particularly in a MTO process are passed through a purification system

that removes low levels of by-products or contaminants. Non-limiting examples

of contaminants and by-products include generally polar compounds such as

water, alcohols, carboxylic acids, ethers, carbon oxides, sulfur compounds such as



processes such as al dehydes, ketones and ester manufacture (U.S. Patent No.
5,675,041), and ot her associ ated equi pnent for exanple various condensers,
heat WO O800M304®383 PCT/ US02/ 19955 42 exchangers, refriger @Crarsoyy®sens or
chill trains, conpressors, knock-out drums or pots, punps, and the like.
Non-limting exanples of these towers, colums, splitters or trains used
al one or in conbination include one or re of a denethanizer, preferably
a high tenperature denethanizer, a dethani zer, a depropanizer, preferably
a wet depropani zer, a wash tower often referred to as a caustic wash tower
and/ or quench tower, absorbers, adsorbers, nenbranes, ethylene (C2)

splitter, prigdydgagulfidd)castidnyl §igfideshimti @ cdptahl, SRhbhib@hd ofiRenildged | ke.

[0112] Various recovery systens useful for recovering predom nately
ol efin(s), proefrerads, prsgie peosphing aghehloriddsi (Ythyr contmimanteetiyyl-preductpr opyl ene

and/ or buten r escrihed . in U. S Patent . 5,960, 643 (secondary rich
thylene.sthauny by SR dadiitotudon sich z8 Aomone M agYeh 5. 0g2, 481
(menbrane  spPMdRddeORMdiend ard UoARNt 5, 672, 197 (pressure dependent .
adsorbents), U S. Patent No. 6,069, 288 (hydrogen renoval), U. S. Patent No.

5, 904, 880 (rlétbiler ed Othetracovely systempdhagedudamphrdaationsydiens, e i n one step),
U.S. Patent No. 5,927,063 _ (recaover met hanol to ga rbi ne power plant),
and U. S. Peﬁxé‘ﬁlPP .ftbé’,Pl‘?leé‘M of(og?fffg& Mﬁﬂ@%@@é m@w@#}tﬁma S. Patent No.
6, 121, 503 ( hj . j: j ! r i oRatd . U S

Pt ont No. \ UBRYBH YrOhERE 0N, U kBALY WLLEINGRICRRT L 2
fully incor Bonal BEd6byadesDs9- 2Nt end DLV, whedteis hbtejh ACEPORBSHHYNG NDSL
recovery systenms is_the production, generation or accunul ation of

addi ti onal = pefserneesPunijcatiop gueess aiwdlordesgidied dnfai gresplel Ung PateehNehe

preferred prj oduct.s... The prefer e% rine [ t t | i ght ol efins,
lch as- et hybane i aEhSuor o s B e bl EcParpbi e
derivative reyos Gt WepRBing REBIGRSTEH Ghopatie)PAUYUB. PaRhi APpIRAASERSES -
Therefore, in the nost preferred enbodi ment of the recovery system the
recovery syd¥eh Hi3sfoled Mctabdr20, R0pQ (pufrgesttammsensshysmtinEmatadysphich t he

|ight olefin . produced particul arl in a MO process are passed through
a guri ficat i1éﬁ%rgv&nngporated y reference. y P P g

[0115] Typically, in converting one or more oxygenates to olefin(s) having
2 or 3 carbon atoms, an amount of hydrocarbons, particularly olefin(s), especiaily
olefin(s) having 4 or more carbon atoms, and other by-products are formed or
produced. Included in the recovery systems of the invention are reaction systems
for converting the products contained within the effluent gas withdrawn from the
reactor or converting those products produced as a result of the recovery system
utilized.

[0116] In one embodiment, the effluent gas withdrawn from the reactor is
passed through a recovery system producing one or more hydrocarbon containing
stream(s), in particular, a three or more carbon atom (C,*) hydrocarbon containing
stream. In this embodiment, the C;" hydrocarbon containing stream is passed
through a first fractionation zone producing a crude C; hydrocarbon and a C,"
hydrocarbon containing stream, the C,” hydrocarbon containing stream is passed
through a second fractionation zone producing a crude C, hydrocarbon and a C,"

hydrocarbon containing stream. The four or more carbon hydrocarbons include



that renoves |ow | evel s of by-products or contam nants. Non-limting

exanpl es of contam nants and by-products include generally polar conpounds
such as wetoap04ad cohol s, carboxylic acids, ethers, carborCoAisdes9ssul fur
conmpounds such as WD 03/000413 PCT/ US02/ 19955 43 hydrogen sul fide,

carbonyl sulfides and nercaptans, amoni a and ot her nitrogen conpounds,
arsi ne, phosphine and chlorides. O her ntam nants or by-products include
hydr ogen and hydrocarbons such as acetylene, nethyl acetylene, propadiene,
but adi ene and butyne. [01141 Qther recovery systens that include
purification systens, for exanple for the purification of olefin(s), are

descri bed i roufének sé¥tuseiutenBricatel paRin bafadleneyTsaatatchiasiharRs oy, 4th Edition,
Volume 9, John Wley & Sons, 1996, pages 249-271 and 894-899, which is

herein i ncorlﬁ‘dﬂé@e@ﬂ by reference. Purifi catl on systens are al so descri bed
in for exa u S Pa nt No. urification of di ol efin
hydr ocar bom? Hdam AT &R} re%’k’egéo ‘%’8@5{1’&@5%@% ipﬁﬁlcﬁgﬁlé’ﬂ ene from
propane), angdTo }§océ3 gt @ﬁﬁca’ﬁ?@ﬂak &%h&fhn&\&m oﬂ%cﬁ&%rﬁ%ﬁg hﬁ‘!/lhgq JPaiqper 20,

2000 (purge stream using hydrating catalyst), which is hérein incorporated

by ref er encecarfodlatémhs. TV e ﬂ:cablhryc of hmdmoa:rbensthanglgarm morervarben@ongenat es to
ol efin(s) havi nngZ or an anount of hydrocarbons,

particul ar | yYBic@f H’(aél)am%‘g‘ﬁiﬁgﬁ ap>2 ‘Yﬂ%‘?"lpﬁ’(@?@ Recteral)y dess thangOaveighty on
atoms, and 356'?@6'%1’[ Q%(OIQ ﬁ?&&%ﬁ% 1880408 Wé% fé?rcéhrt Oa%‘d%?&ﬁg}e? ab 9?&5 It hE

recovery systens o e rnvention are ron's COI’]VEI’HTI ng the

product s corg acigatpertddj baséhen tkfibtdbwtighast the éﬁmdemgas it dwiefromeact or or
converting those products produced as a result of the recoveq% system
utilized. [CYIOIPIPAessrrEchibwdv#eantin perwulr wWithergonyersioniprortssein f rom t he

reactor is assed t.h cover em prodycing one.or re

hydr ocar bon ggﬁ?%g it %Oqgﬁr}@a‘ﬁﬁgjngar% %’é\iﬂ%ﬁ gatf%ﬁttcﬁ’?lggmg?n%re car bon
atom (C3) hyda 06 O/t ¥ piiang coﬁfph@ékrﬂ mhj@rﬁmsetﬁnmn@%} rogyléeC3+

hydr ocarbon containing streami s passed through a first fractionation zone
" produci ng a andudeinG8amyudntied doureartmnding higher carbon number products and other

by-products, excluding water.

[0118] Suitable well known reaction systems as part of the recovery system
primarily take lower value products and convert them to higher value products.
For example, the C, hydrocarbons, butene-1 and butene-2 are used to make
alcohols having 8 to 13 carbon atoms, and other specialty chemicals, isobutylene
is used to make a gasoline additive, methyl-t-butylether, butadiene in a selective
hydrogenation unit is converted into butene-1 and butene-2, and butane is useful
as a fuel. Non-limiting examples of reaction systems include U.S. Patent No.
5,955,640 (converting a four carbon product into butene-1), U.S. Patent No.
4,774,375 (isobutane and butene-2 oligomerized to an alkylate gasoline), U.S.
Patent No. 6,049,017 (dimerization of n-butylene), U.S. Patent Nos. 4,287,369
and 5,763,678 (carbonylation or hydroformulation of higher olefins with carbon
dioxide and hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252
(multistage adiabatic process), U.S. Patent No. 5,634,354 (olefin-hydrogen
recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5 Olefinic
Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or oligomerizing



hydr ocar bon contai ning stream the C4+ hydrocarbon containing streamis
passed through a second fractionation zone producing a crude 4

hydr ocar bwo oafdb4a3 C5+ hydr ocar bon cont ai ni ng stream The PCOUrSOnI998®r €
carbon hydrocarbons i nclude WD 03/000413 PCT/ US02/ 19955 44 butenes such as
but ene-1 and butene-2, butadienes, saturated butanes, and i sobutanes.
[01171 The effluent gas renoved from a nver si on process, particularly a
MIO process, typically has a m nor anmount of hydrocarbons having 4 or nore
carbon atons. The anount of hydrocarbons having 4 or nore carbon atons is
typically in an anount |ess than 20 wei ght percent, preferably |ess than 10
wei ght  per ggbpylem® betydérRfaat pehtyldne)ls svhidhade bll WeeBiTullp &iceeitrate@by NDSt
preferably l'ess than 2 weight percent, based on the total weight of the

ef fl uent gagefgirededr awn froma MO process, excluding water. In particular

ol ccul ar s RUE of ol GEbregires SRR e roMisg By Fivg AT 5 B RSB v a1y
conpri ses a JmiMddtahorE Cp%éfbaébﬁy%n%@{oﬁ@r&re%xla%@ﬁgh?ﬁgtyapﬁmgereﬁﬁ@unt of

four carbon and hi gher "carbon "nunber products and o I = by- products,
excl udi ng watreduct{ thad&htHos 4 sinkle caoh nkmbenolefa ot amameys gexer danddrt of t he

recovery system pri mari ly take | qwer g\ﬁlgl ue products angy convert themto

hi gher val uePssFealpEsigrablyrgreates tham PR weight pesgeril, MPEIRRiSFARY Siseieethat 1 and
but -2 i , d h
utene-z ar %é’&z&gﬁs&r{}@ggﬁd%c&gE&kfr%ﬁ]g‘ég s ﬁlah%&)grét %Qgﬁt Qe and other

specialty chem ca to nake a gasoline additive,
met hyl - t - buttssed Hiethe tbial adiganef the okfinelechd siebodiventplighautionprunét i s
converted into butene- 1 and butene-2, and butane is useful as a fuel.

Non- | i mi t i nepleSua(fpire prasiucediicthp processsit dhasinyentiondératy ofSgreyiat ar S ks,
5925 S40 (Comuer el Sk RSN RARPUS! ol PRIt o)
b 257, 360 BN ot or i AL oo e ey
ol efi ns wi t hhighphoty ethiylend ahe/aradgthyadity geopyleak iswrodeed bythe prosgse@hds) , U. S.
Patent No. 4thg£i1nzv’e%t?§n at a rate greater than 4,500 kg per day, preferably greater than

100,000 kg per day, more preferably greater than 500,000 kg per day, even more

preferably greater than 1,000,000 kg per day, yet even more preferably greater

than 1,500,000 kg per day, still even more preferably greater than 2,000,000 kg

per day, and most preferably greater than 2,500,000 kg per day.

[0120] Other conversion processes, in particular, a conversion process of an

oxygenate to one or more olefin(s) in the presence of a molecular sieve catalyst

composition, especially where the molecular sieve is synthesized from a silicon-,

phosphorous-, and alumina- source, include those described in for example: U.S.

Patent No. 6,121,503 ( making plastic with an olefin product having a paraffin to

olefin weight ratio less than or equal to 0.05), U.S. Patent No. 6,187,983

(electromagnetic energy to reaction system), PCT WO 99/18055 publishes April

15, 1999 (heavy hydrocarbon in effluent gas fed to another reactor) PCT WO

01/60770 published August 23, 2001 and U.S. Patent Application Serial No.

09/627,634 filed July 28, 2000 (high pressure), U.S. Patent Application Serial No.

09/507,838 filed February 22, 2000 (staged feedstock injection), and U.S. Patent



(mul tistage adi abatic process), U S. Patent No. 5,634,354 (olefin-hydrogen
recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5

A efini c wltismemssy3 Pet. & Coal, Vol. 37, No. 4 (1995) (di memTiusongpIss

ol i gonmeri zing WO 03/ 000413 PCT/ US02/ 19955 45 propyl ene, butyl ene and
pentyl ene), which are all herein fully incorporated by reference. [01191
The preferred |ight olefin(s) produced Qy any one of the processes

descri bed above, preferably conversion processes, are high purity prine
olefin(s) products that contains a single carbon nunber olefin in an
anount greater than 80 percent, preferably greater than 90 wei ght percent,

nore pref er ahyli@fi8aSefial N 09/735,408 O FddREL$ 16, 2000 dad¥Rite BLEd)er abl y no
| ess than about 99 wei ght percent, based on the total weight “of the

ol efin. In owkickatroal msein fully gisorperated/bypreferenceol ef i n(s) are produced in the
process of t@iahnvent'on at rate of greater t han. ay, preferably

. 5.k er
greater than kg pef B&PoofEReR A RiEERERdPT eé%{séjﬁregti‘?gi?f’ E@gﬂﬁng per day,

and nost pr # odi nent ,
hi gh puri tyelfé ﬁ?lmef%éggﬁﬁl} g?y%@gﬁbgﬁﬁét&?&g{* gﬁg%g%i@ﬁgﬁ%%gggpby t he

process of febdstodhyeoté prefeniblpntetitane gndat @hardeh de 4ir§iQEpkg thikasroctay is
preferably greater, than 100,000 kg per day, nore preferably greater than
500, 000 kg pesipathe gaseqysdesdstock nseierahbl ip cgpbiation PRtR WateDBreamotkd per

day, yet eve fer reater h 200, 000 Kk r day, still
cven wor e prorBraEpBieazan: % RO WrphBDet kel ey Bibefids
preferably gigai®iontifiaell ZnbRA, £HAQyfkieal Rphigad 8 pdrAbRd hrdFn RS ragpOWEr Si on
processes, in particular, a conversion process of an oxygenate to one or

nore ol ef i n(fs9miahogt 0N ¢ ey 1900°8 and|spiegs @ressirey aredmthelrgage of dmmposi ti on,
especi al ly wher M;[_'e rmahec | ar. . sieye js.synthesized froma.silicon-,
phosphor ous-a,boﬁﬁ% U 81_1tu150§d\4§%3 gﬂﬂ&‘fsﬁ? SPHEEe %8?94%8‘?.‘@&‘?% "PBtexanpl e:
U S Pat endas Nootrofeuk? g8 ahd WRkbAZPIsARLtbSa¥kidh ARl Fefcgéle(p Qguct having
a paraffin to olefin weight ratio | ess than or equal fo 0.05), U’S. Patent
No. 6, 187, 98Buifieipebwasseragaet dtheremgangymberink acférably symsthesiy gasRECEadM3 99/ 18055
publ i shes Apri | 5, 1999 (fheav Pgdr Ofar bocg i n_ef fLuent gas fed to another
react or) Pc-ﬂ)rg@ce via steam reforming of natural gas. Generally, a heterogeneous catalyst,

typically a copper based catalyst, is contacted with a synthesis gas stream,

typically carbon dioxide and carbon monoxide and hydrogen to produce an

alcohol, preferably methanol, often in combination with water. In one

embodiment, the synthesis gas stream at a synthesis temperature in the range of

from about 150°C to about 450°C and at a synthesis pressure in the range of from

about 5 MPa to about 10 MPa is passed through a carbon oxide conversion zone

to produce an oxygenate containing stream.

[0122] This oxygenate containing stream, or crude methanol, typically

contains the alcohol product and various other components such as ethers,

particularly dimethyl ether, ketones, aldehydes, dissolved gases such as hydrogen

methane, carbon oxide and nitrogen, and fusel oil. The oxygenate containing

stream, crude methanol, in the preferred embodiment is passed through a well

known purification processes, distillation, separation and fractionation, resulting

in a purified oxygenate containing stream, for example, commercial Grade A and

AA methanol. The oxygenate confaim'ng stream or purified oxygenate containing

stream, optionally with one or more diluents, is contacted with one or more



0 1/60770 published August 23, 2001 and U.S. Patent Application Serial No.
09/ 627,634 filed July 28, 2000 (high pressure), U S. Patent Application
Seri al NowO 03@9@E0¥, 838 filed February 22, 2000 (staged fe@dFtusok19955
injection), and U S. Patent WO 03/000413 PCT/ US02/ 19955 46 Application
Serial No. 09/785,409 filed February 16, 2001 (acetone co-fed), which are
all herein fully incorporated by referqﬂpe. [01211 In an enbodi nent, an
integrated process is directed to producing light olefin(s) froma

hydr ocar bon feedstock, preferably a hydrocarbon gas feedstock, nore
preferably nethane and/ or ethane. The first step in the process is passing

the gaseous fsREFAOGKe RERYLEaRDYsitich GREHHABDLANINNY N8 oPReHroghégam to a
syngas production zone to produce a synthesis gas (Syngas) stream Syngas

product i on idssewdled dhoovwmg prddcd yparcdy oSymyaprodectpgradianaly lighe i n t he range
of from aboyt_.700C tpo about 1200C and syngas pressures are in the range of
from about 2SS £HY SGP&?EWOWQ?&@%%%F% %‘%“Piﬁsr@élﬁé ifegratsel oduced from

natural —0asofRl [QlEuiBelifspds.o AA%4S A PRAKROUR AR FEbAbRuatish as coal,

recycled plastic, nunicipal waste or any other organic

preferably syfirdiesi bn gashes meanllysintepraoetiinocksy,ioptishaABnmvite tierifiepaitel nat ur al
gas. Cenerally, a heterogeneous catalyst, typically a copper based
catal yst, i Preesteadesdibgf ghove, elghintie pioguensard direcied fo, ingriecmbioginenthon

di oxi de and %%rol? %rggo &e%?atﬁ)%d%g%/%ge%ggrgg&glfc%%ﬁaglco%gﬁg%/afelﬁéﬁ{] gepﬁgrr eferably

net hanol , of &N i e i nation ]

synt hesi s gae&aﬁlgree[am Rhteft AYPILdAASH Seri MRLOYLUS 876 filddyaly B1ae0®@fwhifl om about
150C to about 450C and at a synthesis pressure in the range of from about

5 MPa to abdshert By incorprastee dy réfeisngh) a car bon oxi de conversion zone to
produce an qyggnate cont oL a0, SLLSAN, OTZ2% T3, Sryasnate, Contain
ror o2 oL PuicATROAS s uckoasof bspuia o b Bt T
and ni t r ogem gampdafeusel shory phafbgolymegertanefooa bamoragefisfy #deast cmaude
et Aol el 1 br rapyiane: Theso polimaroation poegsceutize &

polymerization catalyst that can include any one or a combination of the

molecular sieve catalysts discussed above, however, the preferred polymerization

catalysts are those Ziegler-Natta, Phillips-type, metallocene, metallocene-type and

advanced polymerization catalysts, and mixtures thereof. The polymers produced

by the polymerization processes described above include linear low density

polyethylene, elastomers, plastomers, high 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.

[0124] In preferred embodiment, the integrated process comprises a

polymerizing process of one or more olefin(s) in the presence of a polymerization

catalyst system in a polymerization reactor to produce one or more polymer

products, wherein the one or more olefin(s) having been made by converting an

alcohol, particularly methanol, using a molecular sieve catalyst composition. The

preferred polymerization process is a gas phase polymerization process and at



known purification processes, distillation, separation and fractionation,
resulting in a purified oxygenate containing stream for exanple,
conmer ci aWO@saal1A and AA net hanol. The oxygenate cont ai RCEGISS2/198M Or
purified oxygenate containing stream optionally with one or nore

di luents, is contacted with one or nore WO 03/000413 PCT/ US02/ 19955 47
nol ecul ar sieve catal yst conposition deggcri bed above in any one of the
processes described above to produce a variety of prinme products,
particularly light olefin(s), ethylene and/or propylene. Non-limting
exanpl es of this integrated process is described in EP-B-0 933 345, which

i's herein fukdsy ohd6PHROIEFHS ?Q;Yenhéleét IBREEY: prbfyl a0 hiepref@itsy thel | Y
i ntegrated process, optionally with the int egrat ed processes described

above, ol ef |mz(1351)16qma®léu®@1dlya‘r felststmr isarsepparted metalbovenecdsdgitsysiem. Ioties or nore
xanpl e 0. 5. mubuneagpes el eae (eSS chRetre bl 19, 2000,
which is h I f neri zation
o ocesses 1 rapalodeHe by mlRLARGA o o S e e o

processes, aictigatopisti mat-¢condihstgrgemion Ralumauhardricombafativn éekréof, and gas phase
or a slurry phaseéool nerization of one or nore ol efn(s) at | east one of

which is et H’}Psé@ée rThP PPEFREOT ISTREBEXHt yrer i zat i on processes utilize a
pol ymeri zat !@ at al YRt fiﬁlll}lgh t&ﬁﬂgb@ﬁhﬂgﬁm%%s %Bl%l‘ 8fef d%? Ugci Eiucce{l of the

nol ecul ar si cataly I'SC ove oweve erred

pol ymeri zat igfs forﬁ@ﬂ&fdfﬁ tiRe csfin(§)ess eddesl ohe bbﬂlteepmdahueb Hbmlbbcvﬂﬁwe
met al | ocene, netal |l ocene-type and advanced pol ynerization cat al sts, and

m xt ures thmmulamh@egenm@@pmcwa%@wre pgmmliierlpdleﬁ%‘aupz@aesw fcesses

T et omer's PG oThee toctne Bt pariinRed ), HBREs MooBPb ekl asa™ >

pol ypropyl enﬁle@ﬁapﬁa)bhéﬂﬁpRzyriﬁraé‘etgt@n@wgffercﬁchom@deoarﬂa%ﬁr&ﬁ1oda@s ed pol yners
produced by the pol ynerizati'on processes include atact’ic pol ypropyl ene,

i sotactic pcﬁtlyyjbmwhserwa,ylwrmcm aunerm, isopippyloppydheh ecrodeinl, aliyt ddgtiése random
bl ock or |rrpact copol. rrers 1(124‘&l ref rre nbodd r’i the integrated
process c omﬁrPE gn ox1 e, acryhc acl ylene ropy ene rubbers, and acrylonitrile, and

trimers and dimers of ethylene, propylene or butylenes.

EXAMPLES

[0126] In order to provide a better understanding of the present invention
including representative advantages thereof, the following examples are offered.
[0127] Constituents of a mixture used for formulating cataiysts will
generally contain volatile components, including, but not limited to, water and, in
the case of molecular sieve, organic template. It is common practice to describe
the amount or proportion of these constituents as being on a "calcined basis".
Calcination involves heating a material in the presence of air at an elevated
temperature sufficient to dry and remove any contained volatile, combustible or
pyrolizable content (650°C for one or more hours). On a "calcined basis" is
defined, for the purposes of the current invention, as the amount or fraction of
each component remaining after it has been mathematically reduced to account
for losses in weight expected to occur if the component had been calcined. Thus,

10 grams of a component containing 25% template would be described as "7.5 g



pol yneri zing process of one or nore olefin(s) in the presence of a

pol yneri zation catalyst systemin a polynerization reactor to produce one
or nore pwbya®oo41pr oducts, wherein the one or nore ol ef i nPEX/USAYI§ been
made by converting an alcohol, particularly nmethanol, using a nol ecul ar
sieve catal yst conposition. The preferred polynerization process is a gas
phase pol ymerization process and at WO g3/000413 PCT/US02/ 19955 48 | east
one of the olefins(s) is either ethylene or propylene, and preferably the
pol ymeri zation catal yst systemis a supported netall ocene catal yst system
In this enbodi nent, the supported netall ocene catal yst system conprises a

support, a dred alitiaeep&iPr Syathalis 6££RAPOYPEMORIINIAL KidveR GvellkndGinl Y@t or ,
preferably the activator is a non-coordinating anion or alunboxane, or

conbi nat i on intiks Bxdmplgnbelowdws a pAA of albsiuy 466 e’ 508 ndfg-inslegilarpxane.
[01251 In addition to polyol efins, nunerous other ol efm derived products
are fornmed Yo the ol efi n(s) recovered any one of the processes descri bed

above, par wmlarl Y DAErnGARME TR REQFTRI IR JiquilSr iqRRY hifilndhbi¥nd he GTO
process or O process. These include, but are not lTimted to, aldehydes,

al cohol s, ageti¢antageiod templateemes alpimabGefvimetric\Amiplsisd@ et gttechnaubyk ene
di chol ori de fggd vi nyl chl orilglg1 et hyl henzene, ethyl ene oxide, cunene,
i sopropyl allC6AYF: AR PG & ‘pr%m‘élﬁF a1 eye mageral, the sample; igdoadgdr v j ¢

acid, ethyl F PLA0M _ LtrLqh e i mers and

di mers of e?ﬁg.l ﬁ\e, %?%g?ﬁ%ﬁgﬁ%?gblﬁzgwgg%%ﬁawaééeﬁ%l%% In order to
provi de a benbteimenidiics CaattosnCatiforhiae Dairgaht TCAVIRGhdique, aifloel afdilng
representative advant ages thereof, the foll ow ng exanpl es are offered.

[01271 Constqotraier{Sd Py piravagiugedsr Enepgaiple is thendieaigh Atomngp Cao 4Bt & 3@ | |

general |y captain, vol ati nents,. ..d.ncl udin ut not. limted to, water
and, in the&?:lglsnéh% aﬁt%?{)a?u Ogg%g}lrg\%}m%frtggmeg h{gﬁ‘tphﬁ)saﬁagp?ﬁ li)eclogle%on’m)n

practice to @as@ani PEhe WEEhtATRUBerMinddrag RO fr@t2h té PRIGurEANSAPOLURNt S as
being on a "calcined basis”. Calcination involves heating a material in

t he presencenolecdar sigte matedhlay dreadegardatpe tla pareensagiefof ¢ghediuid or liquid and

rehove any Crggciigrinn eScIij\s/gqlu%l%tilgr, e sCa(r)np e 1Ssthieeti)t|eg a30°C/min from 180°C to 650°C
and held at 650°C for 2 hours. This weight loss as a percentage of the original
sample weight during this treatment is regarded as the weight loss of the
templating agent. The total weight loss as a percentage in terms of the original
first sample weight during this entire TGA treatment is defined as Loss-On-
Ignition (LOI).
[0129] Micropore surface area (MSA) is a measurement of the amount of
micropores present in a porous material. MSA is the difference between the total
surface area-BET surface area determined from relative pressures that gives a
linear plot and the external surface area, calculated from the slope of the linear
region of the t-plot with a small correction to put it on the same basis as the BET
surface area. This approach has been used for determining the amount of zeolite
in cracking catalysts by Johnson [M.F.L. Johnson, J. Catal., 52, 425-431 (1978)].
The t-plot is a transformation of the adsorption isotherm in which relative
pressure is replaced by t, the statistical thickness of the adsorbed layer on

nonporous material at the corresponding relative pressure; see Lippens and de

Boer for determining various characteristics of pores systems, such as pore shapes



pyrolizable content (650C for one or nore hours). On a "calcined basis" is
defined, for the purposes of the current invention, as the anount or

fracti on whDo3meman3 conponent remai ning after it has been neCharsar/i1osd |y
reduced to account for |losses in weight expected to occur if the conponent
had been cal cined. Thus, 10 granms of a conponent containing 25%tenpl ate
woul d be described as "7.5 g WO 03/ 000443 PCT/ US02/ 19955 49 on a cal cined
basi s". Synthesis of a SAPO 34 nol ecul ar sieve is well known, and in the
Exanpl es bel ow has a MSA of about 450 m/g to 550 nR/g-nol ecul ar sieve.
[01281 Determ nation of the percentage of liquid or liquid nediumand the
percent age qB CeDphaiscantSEH. d Fbat MudatdB avs IBM1DES)] ABREYRI SW Y, t echni que

as follows: An anobunt a SAPO-34 nol ecul ar sieve material, the sanple, is
| oaded i nt Chensdnl 829HElP68Y] has Taleducedthat thav=drapplatiome’s linsaai-phibke from
Cahn | nstrur,Eth In&: Oefri tc%s\A,g California. During the TGA technique, a
flow of 114 © QEPAYIFY &eEplume OLHUSTROES: The sanple is then heated from 25C

to 180C at 3J@p36y m nymbgligd@témqaﬁe&lg‘iﬁgamﬁaﬁﬁTm Gendifi&W6inglt of this
sanpl e becones ‘constant. The wei ght Toss determ ned as the percentage to
t he starti ngVBAR@esdtcs Inpthecerdt &lormirgion, Mat@oisaGAi is utdie \n agande@i 155 t he

percentage of the Liquid or liqujd. medium Subsequently, the sanple is
heated at 300L i of Fhsmsgcwdog%g@wé%swlﬂceﬁkfos eras§iBg 23 Wuf 2 Thi s

wei ght | oss : ef?eﬁgn : Ll mei-ght i this

t r eat ment isﬁﬁlggg}rﬁdﬁé as?%gﬁg%tgﬁtag {lgggq?fﬁ{%g%ngrn‘%fé al? ?r?grqglél'éeg ° The
total wei ghtfrdeapaceas uded)and ediiflg Densityt & NG glat id ived OTh@ied@|13)f i rst sanpl e
wei ght during this entire TGA treatnment is defined as Loss-On- Ignition
(LO). [o0129smpepedaiedont rgcellegiedawithvaisprptiondaigela ofir enent of the anmount
of mcropores present in a porous material. MSA is the difference between
the total surface area-BET surface area determ ned fromrel ative pressures

that gives a |inEBhalodfi and Adespash er NRDakUr T a¢ @ daéplen Cal Clil ated from
the sl ope of the | inear regiqgr&f t-p&{ vvitIT e cofrection to
put it on the sarr“1 bast+s—as lfd%g%gd@t/ﬁ]? 3 02%00(?%“5
| 2 0.07500 9 0.30000

3 0.01000 10 0.40000

4 0.05000 11 0.60000

5 0.10000 12 0.75000

6 0.15000 13 0.95000

7 0.20000

The correction factor used in the t-plot is 0.975. No de-sorption points are
collected. Other analysis parameters include, Analysis Mode: Equilibrate;
Equilibration Time: 5 second; Scan Rate: 10 seconds. A t-plot from 0.00000 to
0.90000 is constructed using the ASTM certified form of the Harkins and Jura
equation (H-J Model): t(p) = (13.99/(0.034-log(p/p,)))*°. It is shown by Cape and
Kibby [J.A. Cape and C.L. Kibby, J. Colloids and Interface Science, 138, 516-
520 (1990)] that the conventional BET surface area of a microporous material can
be decomposed quantitatively into the external area and the micropore volume, as
expressed by equation given below: S0 = Si-Seq = Vi/d; , where v, is the
micropore volume, S_,, is the micropore area calculated from S, and S.. S, 1s
given by the conventional BET method, and S,,, is the external area taken from

the t-plot. d; is a nonphysical length the value of which depends on the pressure



surface area. This approach has been used for determning the anount of
zeolite in cracking catalysts by Johnson [MF.L. Johnson, J. Catal., 52,
425- 431 (WOM8PPo413 The t-plot is a transformati on of the a®€Erysv/ea955 sot herm
in which relative pressure is replaced by t, the statistical thickness of

t he adsorbed [ ayer on nonporous material at the corresponding relative
pressure; see Lippens and de Boer for termning various characteristics
of pores systens, such as pore shapes 03/ 000413 PCT/ US02/ 19955 50 [B.C
Li ppens, and J.H de Boer, J. Catal., 4,319 (1965)]. Sing [K S.W Sing,
Chem Ind., 829 (1967)] has introduced that the extrapolation of a |inear

t-plot to twRdeatheydxpbiinthie Y o@iﬁ)nﬁﬁl\/?'f&ﬁ&* @8sis deRbdfhbdMBA 1's determ ned
using a M CROMERI TICS Gem ni 237 rom croneritics |nstrunment

Cor por at i on, mkmﬁ@ﬂﬁdybwﬁmpsm%@@ﬂme¢nnamﬁﬁﬁﬁmo 159 to 0.6g, of the s?nple
was | oaded i the or degassi ng at .300C fqr mni mum of 2
hours. Duri n@tl? Ne an yugpos?sh t&\w&'ﬁ’ ‘i‘pé’i‘ Q?eanfjsapﬂe@egf]ﬁﬂ?% SOHgs free
space is Use&)ntél@dlsstﬁ’&%@d oSS sabnfle 8f & Siuk t?ﬁgﬁﬁ%lg-{ﬂ JihEen (13)

adsorption data points are tollected wth adsor rgets of:

Poi nt  Adsor piaigle, @@éfaraﬁliﬁe@lssmm 7508C getwdighing R dalinctiaaaple; ﬁﬁls%hdsl 0 00500
8 0.25000 2 0.07500 9 0.30000 0. 01000 % % 40000 4 O. 05000 11 0. 60000

5 0.10000 12cowten5@0@1ua16toahq@@@@ed1®nm1we@bt divided bgoloowdight efdhe gdotriyon f act or
used in the t { % ioohb de-sorption points are collected. Qher
anal ysi s par® e@? Pﬂ@ﬁ de, “Anal ysis Mbde: Equilibrate; Equilibration
Time: 5 secopgANPRR Rate: 10 seconds. A t-plot from 0.00000 to 0.90000 is
constructed using the ASTMcertified formof the Harkins and Jura

[0132] The SAPO-34 molecular sieve used in the following example that

has not been fully dried and has not been calcined was recovered from a
hydrothermal synthesis well known in the art. A slurry containing 45 wt% solid
(on a calcined basis), 40% being SAPO-34 molecular sieve that has not been
completely dried or calcined, 10.6% ALO, (alumina sol, the binder), and 49.4%
clay (the matrix material), was prepared according to procedure: (A) add
2988.93g of a SAPO-34 molecular sieve wet filtercake (on a calcined basis of
1621.29 g) (liquid medium content 34.68 weight percent based on the total weight
of the molecular sieve and the liquid medium) to 1703.84g of deionized water,
and mixed at 1500 RPM using a Yamato 4000D mixer (Yamato Scientific
America Inc., Orangeburg, New York) for 15 minutes, and then followed by a
high-shear treatment using the Silverson high shear mixer L4RT-A at 6000 RPM
for 10 minutes. This slurry had a pH value of 6.3 measured at 26°C. (B) ACH-
Solution: add 869.03g (on a calcined basis of 429.64 g) of Reheis MicroDry
aluminum chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to 859.12¢
of deionized water and mixed 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
above SAPO-34 molecular sieve slurry (A) and aluminum chlorohydrate solution

(B) were combined and mixed at 1500 RPM using a Yamato 4000D mixer



equation (HJ Mdel): t(p) = (13.99/(0.034-log(p/p)))"'S It is shown by Cape
and Libby [J.A Cape and C. L. Kibby, J. Colloids and Interface Science,
138, 516-wb20B/0¢w®N0)] that the conventional BET surface area/usb2/mss

m croporous material can be deconposed quantitatively into the external-
area and the mcropore volunme, as expressed by equation given bel ow
Smicro- S,.,-Se, t- vmd;, , where v,n ig,the mcropore volune, Sneir is
the mcropore area calculated fromStt @ahd S,,,. S, is given by the
conventional BET nethod, and Sext is the external area taken from the
t-plot. d; is a nonphysical |ength the value of which depends on the

pressure WO 8340Q04didnH5T AleRéd A Trangtbutts Rdw VorkPEoraX F@iﬁhgﬁt g- The

proportionality factor, dj, is determnhed  quantitative e pressures
used i n the tBEImixadasifgdth8 $llvéteon pighsbse suivér dt WDG0 RAMVEfr 1apphutest i on and

ded cl aj "sol i t v d b i_ghi I f
T Uy, cal PR HyED1Hed Sinbf TS Sk ibsssraN o) )0 33065 dongoc,
SR L T L i L e o

mul tiplied bYorpB@tioEXANR, Kely Jet3Pib thdebcSARRBAomitiay SaAPB34eve used in the
foll ow ng exanple that has not been fully dried and has not been cal ci ned

was recover dBOlesHAs Heverppdragimniapmeghlarphydiels ugdegeopstrioniriogat 2A taf0 A

slurry cont aj % sl a_.cal g} ne i 40% bei ng SAPO 34
nmol ecul ar s?%%?%h(g&‘e%%%g%t 1%8%;1@ 08?1%? 3?@!“%7‘ %‘?@?ﬁ’?"%%‘?ﬁ%d, 10. 6%
Al 233 (al um Sifentidic, AthBEcinbd e dngeBitd, K8wAPhrk ClorY 5 mlil@edRillowed BRtaer i al ), was

prepared according to procedure: (A) add 2988.93g of a SAPO 34 nol ecul ar
si eve wet filigleshkeak mixiog stepcaingithedilasinsmigter atk®20 RPM §)r (0 mguied. medi um

content 24,98, el 9 BSLRel Pased a0 b Lot sl wel gt . L1 opl el ar
Lo00 Folt uo o pmURG R8s 0, S RSP
t reat ment usholgctltesiSre, WeITS Ghe hindbr) sdnedmolim xlay (thé Rkt miatebial)GolRRMd

with 1500 RPM treatment for 15 minutes using the Yamato mixer and subsequent

high-shear mixing using the Silverson mixer at 6000 RPM for 10 minutes. This

final slurry had a pH value of 3.8 measured at 36°C. This led to 8000g of slurry

containing 45% solids (on calcined basis), of which, 40% being SAPO-34

molecular sieve, 10.6% being alumina binder, and 49.4% being clay matrix

material. The weight ratio of the binder to the molecular sieve is about 0.265 and

a MSA of 489 m*/g-molecular sieve.

EXAMPLE 2

[0133] Spray drying of the slurry of Example 1 was conducted using a

Yamato DL-41 spray dryer (Yamato Scientific America, Orangeburg, New York).

An amount of 750g of the slurry was spray dried. The spray dryer operated in a

down spray mode using an atomization nozzle of 1 mm. The spray drying

conditions were: feed rate: 40 g/min, inlet temperature: 350°C; atomization

pressure: 14 psig (96.5 kPag); carrier gas (nitrogen) flow at 60% of full setting.

The spray dry product, the formulated molecular sieve catalyst composition was

collected in a cyclone. The catalyst composition was then calcined in a muffle

furnace at 650°C in air for 2 hours. The calcined catalyst composition was used



for 10 mnutes. This slurry had a pH value of 6.3 neasured at 26C. (B) ACH
Sol ution: add 869.03g (on a calcined basis of 429.64 g) of Reheis McroDry
al um numwbloswelyilr ate (Reheis Inc., Berkeley Heights, NeRCIArsemypsio

859. 12g of deionized water and m xed at 1500 RPM using a Yamato 4000D

m xer (Yamato Scientific America Inc., Orangeburg, New York) for 15

m nutes followed by a high-shear treat gent using the Silverson high shear
m xer at 6000 RPM for 10 m nutes. This solution had a pH of 3.3 neasured

at 31C. (C) the above SAPO 34 nol ecul ar sieve slurry (A) and al um num

chl orohydrate solution (B) were conbined and m xed at 1500 RPM using a

Yamat 0 40000orb@fion¥esGhd AHIOhEF1E6:7E Mﬁ@%/isl%éétiorﬁ%siﬁt‘éﬁ&%ﬁiﬂﬁ&.s?r&@t ific
en m

America Inc., Orangeburg, New York) for 15 minutes, and xed using
the Sil ver sodridii gielgtheampoditier was d@O0GnéRdMidma jel-Oupratiriticasunit. Tiies sl urry had
a pH value of 4. 2. neasured at 30C. add 2302.3 g .(gn.a  cal cined basis
01 Ph005. 30 1o TS PP T8 oA thgoinn e e mah AT

Cor por ati on, Tisgbh th RN IR HENGY thattlifond GU3RRE N9 SAPO- 34

nol ecul ar si eve gnﬁ al um num 8%%ror o%yrgr élt ggﬁﬁggrw%%ﬁgtan%@mﬁbi ng at 250 to
400 RPM anfbrihiatedmolectlatside0ataRBRMamposition. Yeieahsled IR veickalys{ Yamat o
Scientific America, |l nc eburg, New York) faor 15 mnutes followed by a

L, O
hi gh- shear nSORRRP§ILONS Eefémﬁgenf’ma Tiefeingseprfnee with thisdopmmbag het an o
mnutes. (Elp} 0§9H@%§3§ff@%ﬁ?§°ﬁfhe slurry was adjusted to contain 45%
0 979

solids, an amoun el oni zed water was added to the above
slurry containing SAPO- 34 nol ecul ar sieve, ACH (the binder), and kaolin
clay (the matrix material) followed wth 1500 RPMtreatnent for 15 m nutes
usi ng the YEXAYMBLES and subsequent hi gh-shear mi.xing using the

Sil i t 6000, RPM for .10 minytes, This. final. s had a pH
e SRR, SR T SR O P SR 2
solids (on caApbrRAnBREH D sieRf hatistlbt b ARG IIRED PR ths HEPh&AUI ar si eve,

10. 6% bei ng al um na bi nder, and 49.4% being clay matrix material. The
wei ght rat i ccabdingdné.39b AdEY, (the birver aldedliT%rclai (eematsixaterfal) w265 and a MSA
of 489 ne/ g-pr}te)llnzgg&] leu?c%r 1ri1,c;ra ’\c/oethe procedure: (A) add 332.1g of a SAPO-34 molecular

sieve, the wet filtercake, (on a calcined basis of 180.01 g) (liquid medium content

34.72 weight percent based on the total weight of the molecular sieve and the

liquid medium) to 201.82g of deionized water that was mixed at 700 RPM using a

Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 10 minutes, then followed by a high-shear treatment using the Silverson high

shear mixer at 6000 RPM for 3 minutes. This slurry had a pH value of 6.9

measured at 30°C. (B) ACH-Solution: add 48.28g (on a calcined basis of 23.85 g)

of Reheis MicroDry aluminum chlorohydrate (Reheis Inc., Berkeley Heights,

New Jersey) to 100.91g of deionized water and mixed at 700 RPM using a

Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 7 minutes, and then followed by a high-shear treatment using the Silverson

high shear mixer at 6000 RPM for 3 minutes. This solution had a pH of 4.0

measured at 25°C. (C) the above SAPO-34 slurry (A) and aluminum

chlorohydrate solution (B) were combined, and mixed at 700 RPM using a

Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 10 minutes, and then mixed using the Silverson high-shear mixer at 6000



EXAMPLE 2 [01331 Spray drying of the slurry of Exanmple 1 was conducted
using a Yamato DL-41 spray dryer (Yamato Scientific America, O angeburg,
New Yor kK)wo odpommdunt of 750g of the slurry was spray dri @dT/USaB19p5 ay
dryer operated in a down spray node using an atom zation nozzle of 1 mm
The spray drying conditions were: feed rate: ‘40 g/mn; inlet tenperature:
350C; atomi zation pressure: 14 psig (96,5 kPag); carrier gas (nitrogen)
flow at 60% of full setting. The spray dry product, the formul ated

nol ecul ar sieve catal yst conposition was collected in a cyclone. The
catal yst conposition was then calcined in a nuffle furnace at 650C in air

for 2 hours.RiEroE3hehiiRd TR §1u)&§ltha€(arﬁ?{3§élﬁé9ﬂ'142"ﬁﬁaaﬁﬁ€djat\@ Q31H3a413
PCT/ US02/ 19955 53 for attrition testing and particle size analysis.

Attrition r e&%s&%ﬁm ofaldite basisaf 246r16g&iof;ﬁagéliwki'sakﬂ’ﬂ)ﬁﬁrafmeﬂ:am

determ ned u et-cu i nit. The 0 fi nes eneration as
a result of &]i“f Wxtrﬁﬁénaéﬁbé‘f O’@’Qﬁ“ﬁédls%llén’k{%@‘y Jergey) t ﬁ% hi gher the
AR the hi gm%vé 06013 cbhdal Aﬁ_bes@fhofeaﬁam%%d%iuﬁl%ﬁlecrm&sfyqrétgr mul at ed
nol ecul ar sieve catal yst conposition. The nol ecular sieve cata

conposi tion (tfe Eﬁ@i’bhﬁeicsmmnﬂxihgdt 250 tackoo Riavi cleenwhixied th (9 I&tlalrrpl e 2 had

an ARl of 0.95 wei ght percent our.. EXAMPLE 3 01341 A slurry
cont ai ni ng ﬁlww/é[%@ﬂ 008k IE‘&‘PEEW%%‘P%‘)@C Apsgipengg Orapgsbursa Newl ecul ar

si eve havin Y, ar 3 L¢ined, 5.3%
A1203 (the ﬁ%&ﬁﬁ%&g@ﬂ%ﬁ o%ﬁg‘y%geﬂ%tsrﬂ ?af(r nggﬁng%?egjlqj&&%ag prepared
accor di ng t citveesonmoigedtice00 fRAM &sid Iﬁﬁlﬁtdsgg fuhe&;oﬁ&'i’@lt%ﬂt dsmhequkar  sieve,
the wet filtercake, (on a calcined basis of "180.01 qui d nmedi um

content 34.W® aﬂ@isgmktog@m@mﬂ%a@é& @jhammnttoﬁﬁélﬂ ig@ﬁ@mmd water wed ecul ar
si eve and t I U 201. i zed r that was m xed
at 700 RPM dﬁ%{ qt% 8‘%6‘6%1 eg%%%/gﬁﬁ%o o Sver R anPhe I nc.

Orangeburg, MNawa¥Bh Kl)ay f$1wweh0wm 708 RPM & ERRAehtabE PYREhINS Ridd 98- shear
treatment using the Silverson high shear mxer at 6000 RPM for 3 m nutes.

Thi s sl urry Yadata npiker ahdigiboéquenghigh-shear mixing using the Silverson mixer at
6000 RPM for 3 minutes. This final slurry had a pH value of 4.2 measured at |
27°C. This led to 1000g of slurry containing 45% solids (on calcined basis), of
which, 40% being SAPO-34 molecular sieve, 5.3% being alumina binder, and
54.7% being clay matrix material. The slurry of this Example 3 was then spray
dried using the same procedure described in Example 2, in which the slurry of
Example 1 was replaced with the slurry of Example 3. The molecular sieve
catalyst composition of Example 3 spray dried in accordance with Example 2 had
an ARI of 5.77 weight percent per hour. The weight ratio of the binder to the
molecular sieve is about 0.13 and a MSA of 511 m*/g-molecular sieve.
EXAMPLE 4
[0135] A slurry containing 45 wt% solid (on calcined basis), 40% being
SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 15.9% Al,O, (the binder), and 44.1% clay (the matrix material), was
prepared according to the procedure: (A) add 332.1g of a SAPO-34 molecular
sieve, the wet filtercake, (on a calcined basis of 180.00 g) (liquid medium content
34.72 weight percent based on the total weight of the molecular sieve and the

liquid medium), to 176.82g deionized water and mixed at 700 RPM using a



measured at 30C. (B) ACH Sol ution: add 48.28g (on a calcined basis of 23.85
g) of Reheis McroDry al um num chl orohydrate (Reheis Inc., Berkeley

Hei ght s, whew/odeisey) to 100.91g of deionized water and mpPcEdISar/19980 RPM
using a Yamato 4000D m xer (Yamato Scientific America Inc., O angeburg,
New York) for 7 mnutes, and then followed by a high-shear treatnment using
the Silverson high shear m xer at 600 Mfor 3 mnutes. This sol ution
had a pH of 4.0 neasured at 25C. (C) the above SAPO 34 slurry (A and

al umi num chl orohydrate solution (B) were conbi ned, and m xed at 700 RPM
using a Yamato 4000D m xer (Yamato Scientific America Inc., O angeburg,

New York) im0 400000 heger (g%ﬁlatd1%eﬂﬂﬁ%%nléﬁéarﬂﬂc.t Deanzlebiie! NOR Yu@)- shear
m xer at 6000 WD 03/ 000413 PCT/ US02/ 19955 54 RPM for 3 mnutes. This

slurry had dopH watuies, ofid the2 fohteverdrieth high30@r te@meatiasin@ 88.Sil8egoion a
cal ci ned basi. f 246.16 el hard' s ASP U trafine kaoli clay (the
matri x mat eﬁ%_@f @‘%}EW&@IH&?%OO%‘?@?&% Fﬁﬂ‘%eﬁ'sﬁll? H?H@ﬁffjﬁé’%s%a%e ‘#26@ he ~above
slurry cont %éﬂsﬂ&d%ﬁ?@@@ﬂb@ﬁ%lﬁﬁo&'&TGGI@ME%H%ﬂHﬁE&BL% ghydsate (the
bi nder) under constant mxing at 250 to 400 RPM then m xed at 700 RPM

usi ng a Yans)oefReHEDMicro®ry @amato cBhbrantdrdte thé\bimden R éheis IncOr angebur g, New

York) for 1Q mnutes, ,and fall owed by a high-shear m xing step using the
Sl verson niBekelsy Heiss, New Jewey Orﬁgrﬁ}gé’g deleﬁyze@e Hates A dKeh#efi0 of t he

slurry was @l | 9 ' AARMAL 33. 64g of
dei oni zed water L{\%@d& g%agtgrllttogbr?r@%g)b@@e ag(ftsjcrl%u cont glltl(r;flpi;]\lé" SAPO- 34 nol ecul ar

sieve, ACH IDlabgdbarg, Nedn¥ oK) @b Tmehuass, fued fheivedionded by AXgiREMak r eat ment f or
15 minutes using the Yamato m xer, and subsequent hi gh-shear m xi ng using
the Sil ver sdfeaimsaspsiag thedibernNighshear mixet ate@000REM foi hapnwes rFhys had a pH

ol i ds (on ST EPRIATAAE] &% T Glee T 2 G B s 8 SReB Y MsfGlbar o eve,
5. 3% bei ng aldisRAYIANGAH ahditum24Aiofdhyaeitd Sol6liay (BYBldrt YoMBingd k. The
slurry of this Exanple 3 was then spray dried using the same procedure
descri bed i MmiEedaplt® RPM usingd ¥hmatoel09DDrmixenfY anfatahpiertific Msricepl aced with
the slurry cﬁlc ?aqlge‘gurg; N-el-vrx]fe\’or}%I BrY %{inustias? Yfen further mixed using the

Silverson high-shear mixer at 6000 RPM for 3 minutes. This slurry had a pH

value of 3.7 measured at 37°C. (D) add 228.37 g (on a calcined basis of 198.45 g)

of Engelhard's ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New

Jersey) to the above slurry containing SAPO-34 molecular sieve and aluminum

chlorohydrate under constant mixing at 250 to 400 RPM was then mixed at 700

RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,

Orangeburg, New York) for 10 minutes, and then followed by a high-shear

mixing step using the Silverson mixer at 6000 RPM for 3 minutes. (E) the solid

content of the slurry was adjusted to contain 45% solids, an amount of 29.47g of

deionized water was added to the above slurry containing SAPO-34 molecular

sieve, ACH solution, and kaolin clay followed with 700 RPM treatment for 15

minutes using the Yamato mixer, and subsequent high-shear mixing using the

Silverson mixer at 6000 RPM for 3 minutes. This final slurry had a pH value of

3.8 measured at 33°C. This led to 1000g of slurry containing 45% solids (on

calcined basis), of which, 40% being SAPO-34 molecular sieve, 15.9% being

alumina binder, and 44.1% being clay matrix material. The slurry of this



catal yst conposition of Exanple 3 spray dried in accordance with Exanple 2
had an ARl of 5.77 weight percent per hour. The weight ratio of the binder
to the nwbhaswb@El3 sieve i s about 0.13 and a MSA of 511 nR2PgTrshBCsRr
sieve. EXAWPLE 4 [0135] A slurry containing 45 wt% solid (on cal ci ned
basis), 40% being SAPO 34 nol ecul ar sieve having not been fully dried and
t hat has not been calcined, 15.9% A120§6(the bi nder), and 44. 1% clay (the
matrix material), was prepared according to the procedure: (A) add 332.1g
of a SA-PO 34 nolecular sieve, the wet filtercake, (on a cal cined basis of
180.00 g) (liquid nmediumcontent 34.72 weight percent based on the total

wei ght of t hex 184 W Athad SYE @R dshi thé bave SobRRdIMscrib&Y ih Hafip@ dei oni zed
wat er and m xed at 700 RPM using a 03/ 000413 PCT/ US02/ 19955 "55 Yamato

4000D mi xer Z,Yamhiah tBe skantyidf iBxampier § was lepiaced @rththpedburygof Beampledk) for 10
m nutes, and_.then fall owed by a hi gh-she treatnent using the Silverson
hi gh shear  miBEaROISPUIBGHEN 9o ¥ FOBPRS ek WeExapile  Spiay e HLACKoRRSAl ue. of
6.8 neasureg 3 CLR Bt 318 ¢ Qo St ( i basi s of
71.55 Q) o?‘g llggﬁ)e(%éﬁ ﬁzf:@élrj“r%‘y al un(1}'I %%%@%ngél}gﬁéﬁﬁater.( ?EZ lglfg%ga!rt‘)eeo?ll?ehei S
| nc., Ber keltey bhdegtotthe niddsvulbe seey )s dboui8B40dg oM SPebdtii(zatiganatledularand m xed

at 700 RPMusing a Yanmato 4000D m xer (Yamato Scientific Anerica Inc.,
Orangeburg, Y& York) for 7 minutes, and then followed by a hi gh-shear

treatment uspg g3 | verson high shear mxer at 6000 RPM for 3 mi nutes.
This soluti H of 3.1 neasured at 32C. (C) the above SA-PO 34

mol ecul ar  S[0e¥6] S| UrA ylufry)coafathifd USTixAEOLN (1 @itkdta8iss Wous bang (B) were
conbi ned, and m xed at 700 RPM using a Yamato 4000D ni xer (Yamato
Scientific AnbrPcd meleeular deverfygeingnyt begavfiulp diipd prst thaithasingtibess, t hen

EASIC RN WL s oy R -
g (on a cal gi:gedePasbidid 1okf8 Fﬂﬁe&)re: (%Ie) aE0908 N8y of $SABB-4 fbrbime kaolin
clay (Engel hard Corporation, [selin, w Jersey) to the above slurry
cont ai ni ng ARG, 8¢ waslfdentbake, @nevalama mbiwd ATOD0 g) (liquid medium content

34.72 weight percent based on the total weight of the molecular sieve and the

liquid medium) to 160.08g of deionized water, and then mixed at 700 RPM using

a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New

York) for 10 minutes, and then followed by a high-shear treatment using the

Silverson high shear mixer at 6000 RPM for 3 minutes. This slurry had a pH

value of 6.6 measured at 30°C. (B) ACH-Solution: add 64.68g (on a calcined

basis of 31.95 g) of Reheis MicroDry aluminum chlorohydrate (the binder)

(Reheis Inc., Berkeley Heights, New Jersey) to 80.04g of deionized water, and

then mixed at 700 RPM using a Yamato 4000D mixer (Yamato Scientific

America Inc., Orangeburg, New York) for 7 minutes, and then followed by a

high-shear treatment using the Silverson high shear mixer at 6000 RPM for 3

minutes. This solution had a pH of 3.6 measured at 26°C. (C) the above SAPO-34

molecular sieve slurry (A) and aluminum chlorohydrate solution (B) were

combined, and then mixed at 700 RPM using a Yamato 4000D mixer (Yamato

Scientific America Inc., Orangeburg, New York) for 10 minutes, and then mixed

using the Silverson high-shear mixer at 6000 RPM for 3 minutes. This slurry had

a pH value of 4.1 measured at 32°C. (D) add 170.37 g (on a calcined basis of



chl orohydrate under constant m xing at 250 to 400 RPM was then m xed at 700
RPM usi ng a Yamat o 4000D m xer (Yamato Scientific Anerica Inc.,

Or angebury oBleow4Yor k) for 10 minutes, and then foll owed byca/usoyiwshear

m xi ng step using the Silverson mxer at 6000 RPMfor 3 mnutes. (E) the
solid content of the slurry was adjusted to contain 45% solids, an anount
of 29.47g of deionized water was addedS,):o t he above slurry containing

SA- PO- 34 nol ecul ar sieve, ACH solution; and kaolin clay followed with 700
RPMtreatnent for 15 mnutes using the Yamato m xer, and subsequent

hi gh-shear m xing using the Silverson mxer at 6000 RPM for 3 m nutes.

This final sl4gigsye)FdERedMidrralALe Mraﬁ&%ﬂﬁW@gahaﬁQnyre\%@iﬁl,l id to 10009
0} 1 Cn,

of slurry containing 45% solids (on calcined basrs), 0% bei ng
SAPO- 34 nol dseliraNesi kersey) K6the % dyei shgry edniaining SAPHE4 moderdlat died8adki ng cl ay

matrix material. The slurry of this WO 03/000413 PCT/US02/ 19955 56 Exanple
4 was then sSPVE{UH ?ehalaf ¥f1§v?be é@l@%ﬂ#&&%@ﬁém@@% i b0 B Mpl e 2, in

whi ch the slyrifehikeaPbeRPMESn &@daﬁ&&%o@gx%pb{ag(@dﬁtmsc& gfganpl e 4.

The nol ecul ar sieve catal yst conposition o spray drred in

accordance AumtticEnamilrengebhepd New Yiétk) fifr 10 nd8utesiaplithapebliewtd pes hour. The
wei ght ratio of the binder to the nolecular sieve is about 0.40 and a MSA
of 470 ne/ g-hish-ghssr grxing;siepaisingyag Hilyerspn mixgrat 6R0Q REM Jorchminaitesi () 45 wt %

een fully” ary SRSt e dhoPh R aiaIEl OF Wl S BISHIRL' bPner).

and 32. 9% clxyodqt dTeleitlizodXv A8t wisi aalddd tovB6 abde@RATEShnBLEiAE SAPD-54 t he
procedure: (A) add 498.;%8{& a SAPO 34 nol ecul ar sieve, the wet filter

cake, (on a aleeilpedetsa srflutaaqrg and keplin(dlaygfiolldwae siithA00 RAM titeatnBt 72
i L R I E N W e e
using a Yargt Qil¢GeGmiter &t cAOABNIGLSS hithitkd | Thid\IRAIsGAry NG 2 pEP ANEEDUT g,
New York) for 10 mnutes, and then foll owed by a high-shear treatnent
usi ng the of 3.9 measured at 32°C. This led to 1000g of slurry containing 45% solids (on

calcined basis), of which, 40% being SAPO-34 molecular sieve, 7.1% being

alumina binder, and 32.9% being clay matrix material. . The slurry of this

Example 5 was then spray dried using the same procedure described in Example

2, in which the slurry of Example 1 was replaced with the slurry of Example 5.

The molecular sieve catalyst composition of Example 5 spray dried in accordance

‘with Example 2 had an ARI of 12.54 weight percent per hour. The weight ratio

of the binder to the molecular sieve is about 0.12 and a MSA of 508 m?%g-

molecular sieve.

EXAMPLE 6

[0137] A slurry containing 45 wt% solid (on calcined basis), 20% being

SAPO-34 molecular sieve having not been fully dried and that has not been

calcined, 14.1% Al,O; (the binder), and 65.9% clay (the matrix material), was

prepared according to the procedure: (A) add 166.05g of a SAPO-34 molecular

sieve, the wet filtercake, (on a calcined basis of 90.00 g) (liquid medium content

34.72 weight percent based on the total weight of the molecular sieve and the

liquid medium) to 218.55g of deionized water, mixed at 700 RPM using a

Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)



Silverson high shear m xer at 6000 RPMfor 3 mnutes. This slurry had a pH
val ue of 6.6 neasured at 30C. (B) ACH Sol ution: add 64.68g (on a cal cined
basi s of w0.0980a)3 of Reheis M croDry al um num chl or ohydr aPeT(USh®1995hder )
(Reheis Inc., Berkeley Heights, New Jersey) to 80.04g of deionized water,
and then m xed at 700 RPM using a Yamato 4000D m xer (Yamato Scientific
Anerica Inc., Orangeburg, New York) for../ mnutes, and then followed by a
hi gh-shear treatnment using the Silverso%8 hi gh shear m xer at 6000 RPM for 3
m nutes. This solution had a pH of 3.6 nmeasured at 26C. (C) the above

SAPO- 34 nol ecul ar sieve slurry (A) and al um num chl orohydrate sol ution (B)

were conbi g0 anshibd) @Rd ToiSHedby 4 Q&h@ﬁ%&r%@aﬂ&n@ u%ﬁg%ec’%igﬂr%&%g h?glfr(] er

(Yamato Scientific America Inc.,” Orangeburg, New Yo utes, and
then m xed shsamyixehat ORI dor hinglwtesh Giis shixghads pHIAMeRPHIS or 3 mi nut es.

This slurry had H_val 0 -1 measyred at 32C. (D) add 170.37 g (on a
cal ci ned basrP%‘"isB‘fe%\ﬂ%zégﬁ'l (@8@%@%‘@\@02 q §3%44e o acpteinpd Rgsisof 6EAdel har d' s
ASP U trafi L Gl r i.on. i1, 1.New Jersey) to
t he above slr%rolff?;{% g%lﬁtl\gll mﬁggﬁg@fﬂ%%ﬂétgkﬁgpgﬁb gﬁ%}&&aﬁnﬁm num

chl or ohydr atBerké¢ibe Heighte Newuleehey) ©00S128p of deishizgd dhte? 20 d tiendBRe®BEM  and
then m xed at 700 RPM using a Yanato 4000D m xer (Yamato Scientific

Aneri ca | nc.700dkRMgsbigragY amelp 408P1R mixer (Yepratn Heienstfic Amarieslaa., f ol | oned by a

hi gh- sh i Xi i ngthe Sil ' t_6000, RPM for 3 m nutes.
(B the.sol BB IRt Pt LT miby AR B b gy SR Bheir 4856 sol 1 do. < an
anount of  2fa68eht @kindQhOBilveRsbn\IREIE henS ixa8 desh o RN Fo oD NS, UFHiY

contai ni ng SAPO-34 nol ecul ar sieve, ACH solution, and kaolin clay followed
wi th 700 RPMotutieatbadatpH 607.5 teasirediatédd Gs (O)ghe Aeo i @-3dinxaeculand

TS R S e 5L USSR AT, 2009, 1 3
5509008, L Eb SO i, Shochls e cnglh Sehineihocel LT,
bei ng cl ay rat.r Oxangabwgj Hew.Yorkefos | @ rrinuted, abditen nbixedmigs the\Silsedsben spray
dried using htigtﬁstfe%gfni%r%% ggéjor l%Pl(\j/_[ef%E 5 irr?igl(ljteei}. nThEi)s< glgrprlyiad a pH value of 4.0

measured at 28°C. (D) add 341.25 g (on a calcined basis of 296.55 g) of

Engelhard's ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New

Jersey) to the above slurry containing SAPO-34 molecular sieve and aluminum

chlorohydrate under constant mixing at 250 to 400 RPM, and then mixed at 700

RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,

Orangeburg, New York) for 10 minutes and then followed by a high-shear mixing

step using the Silverson mixer at 6000 RPM for 3 minutes. (E) the solid content

of the slurry was adjusted to contain 45% solids, an amount of 36.43g of

deionized water was added to the above slurry containing SAPO-34 molecular

sieve, ACH Solution, and kaolin clay followed with 700 RPM treatment for 15

minutes using the Yamato mixer and subsequent high-shear mixing using the

Silverson mixer at 6000 RPM for 3 minutes. This final slurry had a pH value of

3.7 measured at 31°C. This led to 1000g of slurry containing 45% solids (on

calcined basis), of which, 40% being SAPO-34 molecular sieve, 14.1% being

alumina binder, and 65.9% being clay matrix material. The slurry of this

Example 6 was then spray dried using the same procedure described in Example



2, in which the slurry of Exanple 1 was replaced with the slurry of Exanple
5. The nol ecul ar sieve catal yst conposition of Exanple 5 spray dried in
accor dancwo osfovdarExanpl e 2 had an ART of 12.54 wei ght per ®emtuspzi99ndbur. The
weight ratio of the binder to the nolecular sieve is about 0.12 and a MSA
of 508 n2/g- nol ecul ar sieve. EXAMPLE 6 [0137] A slurry containing 45 wt %
solid (on calcined basis), 20% being O 34 nol ecul ar si eve havi ng not
been fully dried and that has not been ““cal ci ned, 14.1% A1203 (the bi nder),
and 65.9%clay (the matrix material), was prepared according to the
procedure: (A) add 166.05g of a SA-PO 34 nol ecul ar sieve, the wet

filtercake, X oRwhidhahesnay JIEhS Iéfl@Qs&@la%d&zlth%s%@@%n&ﬁ@%em 34.72
wei ght percent based on the tota wei ght " of the nol ecul ar sieve and the

li qui d nmedi ube molepul8t H&¢p malmpmpmmmmmm & epraptrizd i Redtdaseeng a
Yanmat o 4000D mi xer to S rica.lnc ngebur g,. New Yor k)
VIO 03/ 000413V HER 8@%@%&5@&%@ f%q)% PEs Pefa‘f%‘f%ﬁ? %We%g‘t%g'r‘ ki

hi gh- shear tye8taRn0 tH§hﬁ9echﬁ?s§{/é ié%é%ﬂ&ﬂiaﬁf&%&f X8 M 1&%%} RPM f or
3 mnutes. This slurry had a pH value of 6.8 neasure %8

ACH- Sol ut i orsiewedd 128. 44g (on a cal ci ned basis of 63.45 g) of Reheis

M croDry al umi num chl orohydrate (the binder) (Reheis Inc., Berkeley
Hei ght s, Nevﬁé%mo 109. 28g of deionized water, and then m xed at 700

RPM usi ng a R xer (Yamato Scientific Ameri ca I nc.

Or angebur g, 7 mnutes, and then followed by a hi gh shear
treat ment usiongst he SLdtrgnis partdthghcesireanoRtue! side GROR: BiiYhdsation3fom nut es.
This solution had a pH of 3.5 nmeasured at 28C. (C) the above SAPO 34

mol ecul ar qu@V@S@Fl@rf metianpl watcadueid using By erolpaster wnit desctiom ( B) wer e
gglngln??gl ca%?%grggﬁsegﬁﬂﬁgoyegBﬁé%gleggﬁ?tﬁ%fﬁ@qgmt %n% g%%fg]mﬁmi{‘ and t hen
m xed usi ng &ihR; RinlpeeheiRndf 475 ab-rhQare @2’5%@1 75R04) RRM 5 96 o@am nutes. This
slurry had a pH val'ue of 4.0 neasured at . ( add 34125 g (on a
cal ci ned bagiaglpt c@@posBomgdf Hfo 200 microns in size mixed with 100mg of silicon

carbide (100 microns, available from Carborundum Abrasives G.B. Limited,

Trafford Park, Manchester, UK) to form a mixture. This mixture was then loaded

into a tubular reactor made of 316 stainless steel with an internal diameter of 4

mm. The catalyst composition bed is positioned in the middle section of the

reactor by two quartz wool plugs on top and bottom of the catalyst composition

bed. The catalyst composition was then treated in a helium flow at 50 cm*/min

(STP) from 40°C to 475 °C at ramp rate of 100°C/min and held at 475 °C for 30

minutes before the methanol was introduced. Methanol (Fisher Scientific, Fair

Lawn, New Jersey, 99.9 % purity) is fed into a vaporizer kept at 225 °C by a

Cole-Palmer 74900 Series syringe pump at a feed rate of 29.59 ml per minute.

Methanol flow was down flowed through the heated reactor tube. Gas phase

products and unreacted methanol were combined with 50 cm*/min (STP) helium

at the outlet and periodic samples were captured in an on-line sample storage (16-

loop, 150 ml/loop) valve. All the transfer lines and sampling valves were heat

traced to 225°C to prevent any condensation of unreacted methanol or products.

The collected samples were then analyzed using an on-line GC (Hewlett Packard

6890 GC, Palo Alto, California) equipped with an FID detector and a PLOT



Engel hard's ASP U trafine kaolin clay (Engel hard Corporation, Iselin, New
Jersey) to the above slurry containing SAPO 34 nol ecul ar sieve and al um num
chl or ohydwetog/oomder constant m xing at 250 to 400 RPM anacCrhsnz/mozed at
700 RPM using a Yamato 4000D m xer (Yamato Scientific America Inc.,
Orangeburg, New York) for 10 mnutes and then foll owed by a high-shear

m xing step using the Silverson m xer 6000 RPM for 3 mnutes. (E) the
solid content of the slurry was adjusted to contain 45% solids, an anount
of 36.43g of deionized water was added to the above slurry containing
SAPO- 34 nol ecul ar sieve, ACH Sol ution, and kaolin clay followed with 700

RPM t r eat meng;sdOdilidecolih R YER-P ol ROT Qh¢o Y¥PRBise niXBrx 2NGiGHPeeAMent
hi gh-shear mi xing using the Silverson m xer at 6000 RPM for 3 m nutes.

This final smwmgsshadﬂablplﬂomal\/aeamﬂnc dirched &y Véalnutt C:3elC Cafifivrsiad)ed t o 10008
of slurry caq a| ni 5% solids (on. calcined | ich, 40% bei ng
SAPO- 34 nol e r&'f‘C gﬁg %fé@entwsf@@lﬁé‘?% ¢ ?ﬁenale& Glzplm%]i%[\,\% L &SI ng cl ay
matri x mater r t 6 n § dusmg
AR O e S L P e G )
i n which thezslund fighkr, Ecanphizhér, Waand Bighecad Oyiand higter.sl urry of Exarrpl e 6.

The nol ecul ar si eve catal yst corrp05|t| on of Exanple 6 spray dri etg
accor dance W@ﬂ Exarﬁ&Pfé’eglqﬂanD&ﬁ 2l ispdefiged 8s [(Soght et e}mﬁmp@incthour The

wei ght ratiogof the s%we eleamwgghf%@cgﬁgef&n{gaaeﬁﬁg&a 1 and a MBA

of 482 nR/g nﬁ?%‘cﬁﬂl"'da S{ave nver si on rocess 381

Catal ytic pervgucg gggg .90 *aoonalieesikas el veater fedd wbiybifraeaopesedchon for
conver si on Of WwWas conduct ed usi ng a mcCro- reactor unit. Reaction

condi tions eml)lllnwlenlt GﬂéQUéated e theaFBD signalo@ ofe seleetivityl wasestigatgrhfom aol ecul ar
e TP U LT3 B BESAMS Rl TPl Rl Mo 0 ©'
silico i car R gfed 48 Qo &40 Hreighted vafbEs S tAThIeAnRQEKBHHE ARf 8Ri ves G B.
entire experiment that measures methanol conversion from an initial conversion
of approximately 100% to a final conversion of approximately 10%.
[0140] Catalytic performance of the catalyst composition of Example 2 for
conversion of methanol was evaluated using the process described above and
showed a cumulative methanol converted per gram of molecular sieve of 12.6 g-
methanol/g-molecular sieve and weight averaged ethylene and propylene
selectivity of 75.2%.
[0141] Catalytic performance of the catalyst composition of Example 4 for
conversion of methanol was evaluated using the process described above and
showed a cumulative methanol converted per gram of molecular sieve of 11.4 g-
methanol/g-molecular sieve and weight averaged ethylene and propylene
selectivity of 74.3%.
[0142] .  Catalytic performance of the catalyst of Example 6 for conversion of
methanol was evaluated using the process described and showed a cumulative

methanol converted per gram of molecular sieve of 12.4 g-methanol/g-molecular

sieve and weight averaged ethylene and propylene selectivity of 74.6%.



Trafford Park, Manchester, UK) to forma m xture. This m xture was then

| oaded into a tubular reactor made of 316 stainless steel wth an internal
di anet er wD 04/000am3 The catal yst conposition bed is positi @egdsonidse m ddl e
section of the reactor by tw quartz wool plugs on top and bottom of the
catal yst conposition bed. The catal yst conmposition was then treated in a
heliumflow at 50 cnB/mn (STP) from4§ Cto 475 C at ranp rate of 100
C mn and held at 475 C for 30 mnutes before the nethanol was introduced.
Met hanol (Fisher Scientific, Fair Lawn, New Jersey, 99.9 % purity) is fed
into a vaporizer kept at 225 C by a Col e-Pal ner 74900 Series syringe punp
at a feed radixample®. 59 nl per mnute. Methanol flow was down fl owed

t hrough the heated reactor_ tube, Gas phase products and unreacted net hanol
were conbin O\f(ﬂlﬁ"eifB‘FWM‘HPCFI@TF&'e‘EF‘W‘M0316 Yhe outlet and periodic
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Mtchel | Dr.moMaliptdiedd ﬁﬁKNet@detcfaﬁé r(b@)tcalcfﬁ'@@bﬁﬁ@@it FBrO (?é)f(lhkl@l'at was anal yzed
for: methane, nethanol, dimethylether, ethane hyl en€, " propane,

propyl ene, |raothumamatenbiili @fevelght persertnlvamda}nZhe ami nglrtsﬁldwtmmleeulﬁr C5 and
hi gher, C6 and hi gher her 01391 Conversion
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CH30H in fee re X1s e wat er ree wel ght dction of each

component cabembetiveg] Mew Motl)dfol-1 Om$iugesahnd Bk bolbeled dlyiatigly-sh@as esti mat ed
froma hydrogen bal ance of the feed and_ products. The ﬁr oduct selectivity
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of 47.7 g) of Rehels M1croDry aluminum chlorohydrate (Reheis Inc., Berkeley

Heights, New Jersey) the above SAPO-34 molecular sieve slurry (A), mixed at
700 RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,
Orangeburg, New York) for 10 minutes, and then mixed using the Silverson high-
shear mixer at 6000 RPM for 3 minutes. This slurry (C) had a pH value of 4.0
measured at 30°C. (D) add 155.6 g (on a calcined basis of 132.3 g) of Engelhard's
ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New Jersey) to the
above slurry containing SAPO-34 molecular sieve and aluminum chlorohydrate
under constant mixing at 250 to 400 RPM, and then mixed at 700 RPM using a
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 10 minutes followed by a high-shear mixing step using the Silverson mixer at
6000 RPM for 3 minutes. This final slurry had a pH value of 3.9 measured at
38°C. This led to 800.0g of slurry containing 45% solids (on calcined basis), of
which, 50% being SAPO-34 molecular sieve, 13.25% being alumina binder, and
36.75% being clay matrix material. The weight ratio of the binder to the



of approximately 100%to a final conversion of approximately 10% [01401
Catal ytic performance of the catal yst conposition of Exanple 2 for
conver si owoaB/oamthanol was eval uated using the process de®cmiusezii®mbdve and
showed a cumul ati ve met hanol converted per gram of nol ecul ar sieve of 12.6
g- net hanol / g-nol ecul ar sieve and wei ght averaged et hyl ene and propyl ene
selectivity of 75.2% [01411 Catal ytic gerformance of the catal yst
conposition of Exanple 4 for conversion of methanol was eval uated using

t he process descri bed above and showed a cunul ati ve nethanol converted per
gram of nol ecul ar sieve of 11.4 methanol/g-nol ecul ar sieve and wei ght
averaged et hybendassieveis apylt @S5 aadhadf A\fugs af/gitobalaf Q8421 Catal ytic
performance of the catal yst of Exanple 6 for conversion of nethanol was
eval uat ed usEXAMBEES ocess described and showed a cumul ative net hanol

converted p §iam of mol ecul ar  si eve
and wei ght 3{% ged eStp[r%@JI &e}fr?{eitﬂggiri]c pro@?é%%ﬁnséf?ee?ﬁ ﬁ&%té(puﬁfl%q%

03/ 000413 PCT4i502511.-995pray @tyer Exaﬁ@tbes&nﬁﬁe%ﬁdrﬁwe(,)raﬁgwﬂ@g NG %ﬂi)ar Si eve
rati o of 0.265) [01431As|urr cont ai ni 45 wt % sol 1 d (on a cal cined

basis), 50%4eraguniSAiBE08af theisbe wrs I ldda\ﬂhngpmﬂrmenelﬁt@ﬂlwadrl ed and
t hat has not, been cal §I ned 13,[ 25%tA12 égéf he bi nder), and
36. 75% cl ay {PHESPREY PPYe UiRs a4 pigmizatign aozgl %?Pcﬁ?yn 4vi%8 pr ocedur e:

(A) add 334. O%Qdﬁ?lonﬁwgi@D Qe’é‘l'atenm §/%Hh aihleﬂe%i’;%ratﬁljaeﬁ’mé ettblllﬁz%ﬁS@ke (on a

cal ci ned basis of 180.0 g) (liqurd mediumcontent 35.28 wei ght. percent

based on t heprestiak 14\/@51@?{96 éﬂiPuQ)ecamblegasl(mrtrogm)élom ared% befullisgtting. medi um) to
212.9g of dej.onized wate nd m xed at 7 RPM us a Yamat o 4000D m xer
(Yanmato Sci e’h‘tq F FORPre Ormu@eé 6‘&&"6 SlW@\RF?B’IS%OmRﬂSMPGWﬁSnut es, and

DS S s g et S g Ry o
measur ed at fafface 43508 th K6 QP Howds. alteadatdim@datayssi Somposmon was used

for attrition testing and particle size analysis. Attrition resistance of the spray

dried catalyst composition was determined using a jet-cup attrition unit. The

hourly fines generation as a result of attrition thus obtained is defined as the ARI.

The higher the ARI the higher the attrition rate or the weaker or softer the

formulated molecular sieve catalyst composition. The molecular sieve catalyst

composition of Example 8 spray dried in accordance with Example 9 had an ARI

of 0.24 weight percent per hour.

EXAMPLE 10

(60% sieve, binder/molecular sieve ratio of 0.265)

[0145] A slurry containing 45 wt% solid (on a calcined basis), 60% being
SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 15.9% Al,0, (alumina sol, the binder), and 24.1% clay (the matrix
material), was prepared according to procedure: (A) add 854 g of a SAPO-34
molecular sieve, the wet filtercake, (on a calcined basis of 459 g) (liquid medium
content 35.28 weight percent based on the total weight of the molecular sieve and
the liquid medium) to 383g of deionized water, and mixed at 700 RPM using a
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 10 minutes, and then followed by a high-shear treatment using the Silverson



of 47.7 g) of Reheis McroDry al um num chl orohydrate (Reheis Inc., Berkeley
Hei ghts, New Jersey) the above SAPO 34 nol ecul ar sieve slurry (A, mxed at
700 RPM uwspDrg/oens¥amat o 4000D mi xer (Yamato Scientific ArePCEAISOCI9SS
Orangeburg, New York) for 10 minutes, and then m xed using the Silverson,

hi gh- shear m xer at 6000 RPM for 3 mnutes. This slurry (C had a pH val ue
of 4.0 neasured at 30C. (D) add 155.6 (on a calcined basis of 132.3 g)
of Engel hard's ASP Utrafine kaolin clay (Engel hard Corporation, Iselin,
New Jersey) to the above slurry containing SAPO 34 nol ecul ar sieve and

al um num chl orohydrate under constant m xing at 250 to 400 RPM and then
m xed at 700, BPMddsiebrat cORPIL 09 AR eThib YinREtad SPEEMILE bits America
Inc., Orangeburg, New York) for 10 minutes followed by a high-shear m xing
step using ttheasSicdaeRS6h () adsk246t2 (0BGOALdRIRNM Hasis o8 121.6digkef Ralkziss f i nal

slurry had pH val ye of 3.9 asure t. 38C. Thjs_led tqo 800.0Qg of slurry
“cont ai ni ng %%r T emg E@Pgﬁﬁiﬁt%@éﬁgﬁ Incyt Bef;gﬁieE ﬁmg’@b/o}ff‘é‘f kgezhro- 34
nol ecul ar si RGesh el m i Mo hheling clay matri x
mat eri al . Tﬁgg%é?véﬁﬁ r a???@%%&%@%ﬁ@%?iﬁ%%ﬂ%%% BT/ USh2/ 19955
62 nol ecul arYshew&006D akieet (Yon265S ciagtific Moériod Ind9 OritleburgDNew W @k) Si eve.

EXAMPLE 9 [0144] Spray drying of the slurry of Exanple 8 was conducted

using a Yarft &0 piouwas, gpd é&f“ndliﬂiié‘i uging thgrdlvespe highrshearapixer #6000y angebur g,
New Yor k) . nt. of f t (Y S ay _dried, ray
dryer oper ad M3 MigGke, 29 sB B naL Y Rl S e bl g e B Y o

The spray draddng 6 scO@l 4 dadiied kB of 18897 EgzbfiEnéélhﬂ/d@iAS_P Untfnekapper at ur e:
350C, atom zation pressure: 14 psig (96.5 kPag); carrier gas (nitrogen)

flow at 60%a4y fHrigelbgrst ConmpgratiomHeelgp Naw Jersgy podbieigiove sheryf containiag ed
nol ecul ar si gy talyst conposition was,. collected in a- cycl.one. The
cat al yst cor&g@%?ldﬂ"lﬁ&ga’i &Hg/rp? a0d g CH_loéf’li‘ﬁﬁiFaftP ynder ¢ppst I’%ﬁ“n@% Cin air
for 2 hours.;sphg 468 RPINIEHIGRLANKRH of FIPREM btk YREmYREMH00DI@F LT ti on
testing and particle size analysis. Attrition Ttesistance of the spray
dri ed cat al yManaorpasitifioAmerisa et @rangebargyBlewdY @k) fir-10wpinates ri ti on uni t.
The
followed by a high-shear mixing step using the Silverson mixer at 6000 RPM for
3 minutes. This final slurry had a pH value of 3.5 measured at 33°C. This led to
1700.0g of slurry containing 45% solids (on calcined basis), of which, 60% being
SAPO-34 molecular sieve, 15.9% being alumina binder, and 24.1% being clay
matrix material. The weight ratio of the binder to the molecular sieve is about
0.265 and a MSA of 499 m*/g-molecular sieve.

EXAMPLE 11

[0146] Spray drying of the slurry of Example 10 was conducted using a
Yamato DL-41 spray dryer (Yamato Scientific America, Orangeburg, New York).
An amount of 850g of the slurry was spray dried. The spray dryer operated in a
down spray mode using an atomization nozzle of 1 mm. The spray drying
conditions were: feed rate: 40 g/min; inlet temperature: 350°C; atomization
pressure: 14 psig (96.5 kPag); carrier gas (nitrogen) flow at 60% of full setting.
The spray dry product, the formulated molecular sieve catalyst composition was
collected in a cyclone. The catalyst composition was then calcined in a muffle
furnace at 650°C in air for 2 hours. The calcined catalyst composition was used

for attrition testing and particle size analysis. Attrition resistance of the spray



hourly fines generation as a result of attrition thus obtained is defined
as the ART. The higher the ARl the higher the attrition rate or the weaker
or soft erwDle/00d403 mul at ed nol ecul ar si eve catal yst conposiPCITars02/14965

nol ecul ar sieve catal yst conposition of Exanple 8 spray dried in
accordance with Exanple 9 had an ARl of 0.24 weight percent per hour.
EXAMPLE 10 (60% si eve, binder/nol ecul ar fieve ratio of 0.265) [01451 A
slurry containing 45 wt% solid (on a ca?cined basi s), 60% being SAPO 34
nol ecul ar sieve having not been fully dried and that has not been

cal ci ned, 15.9% A12CG3 (alum na sol, the binder), and 24.1%clay (the matrix
material), WakdUafPat 86mB&GasHRIILEnRAQLRMY £iet-tA) adddtbn8Rd: aRf a SAPO 34
nol ecul ar sieve, the wet filtercake, (on a calcined basis of 459 g) (liquid
medi um contlewrly35ieg genratint aspaesdnef dvsision thurs dbkenddds defivedi agltite ARLt he

nol ecul ar sigve .and . the_liquid nediu to 383g of deionized water, and
m xed at 700ﬁF§|§N‘5 it egAglt lﬂ%t%%gzoﬂir%@tor(h?a‘ﬁ%ﬁkﬁr@cﬁogﬁﬁ fic Anerica

Inc., Orang ) i P a

i g’ shear P aapaieR O iork el B, TR B o35 63

hi gh shear ndoxgrosionGIEXamBM foaspray drisduh @scorddnics withEsayhphatl Baddd val ue of
6.5 neasured at 29C. (B) add 246,2 (on a calcined basis of 121.64 g) of
Reheis M crobf 9f @23 memahtrersegnshleltat e (Reheis Inc., Berkel ey Heights, New
Jer sey) th%ggﬁmééao 34 nol ecul ar sieve slurry (A, mxed at 700 RPM

using a Ya xer (Yamato Scientific America Inc., O angeburg,

New York) fron4 A0 m nutRsry RRfdidiReBAFOXRM altshiRgbinder ald I &G mAkigh- shear
m xer at 6000 PMfor 3 mnutes. This slurry (C) had a pH value of 3.54
measur ed at BOQregadyd aceddling ® WBe fpllosvingprostdireidd) Bazilg obh SAPN-3¥ g) of

Jersey) to vhReaBBew Byl el mARIsin cetrar e being |
al uni num chlﬂ%ghmema)g(uqnﬂﬁhe&%%&ht L) %ig?ﬁ eréatfl bhdApEfM1 and then

m xed at 700 M usi ng a Yanmat o 4000D m xer ngato Sci entlgpc Aneri ca

I nc., O angeheigly, oftkevmvtecklar Siove 410 the Higtidsnedium) was added to 189.32g of
deionized water and mixed at 1000 RPM using a Yamato 4000D mixer (Yamato
Scientific America Inc., Orangeburg, New York) for 2 minutes. This SAPO-34
slurry gave a pH value of 6.4 measured at 22°C. (B) An aluminum chlorohydrate
solution was prepared by adding 96.56g of Reheis MicroDry aluminum
chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to 94.66g of deionized
water and mixed at 1000 RPM using a Yamato 4000D mixer (Yamato Scientific
America Inc., Orangeburg, New York) for 2 minutes. This solution had a pH of
3.8 measured at 26°C. (C) The SAPO-34 slurry prepared in step (A) and
aluminum chlorohydrate solution prepared in step (B) were mixed at 1000 RPM
using a Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New
York) for 2 minutes. This second slurry had a pH value of 4.3 measured at 23°C.
(D) 255.81 g of Engelhard's ASP Ultrafine kaolin clay (Engelhard Corporation,
Iselin, New Jersey) were added to the second slurry obtained at step (C) under
constant mixing at 250 to 300 RPM then mixed at 1000 RPM using a Yamato
4000D mixer (Yamato Scientific America Inc., Orangeburg, New York) for 2
minutes. This third slurry had a pH value of 4.2 measured at 23°C. (E) 31.55 of

deionized water was added to this third slurry obtained in step (D) then mixed at



foll owed by a high-shear m xing step using the Silverson m xer at 6000 RPM
for 3 mnutes. This final slurry had a pH value of 3.5 neasured at 33C.
This | ed wo 0300@® Oy of slurry containing 45% solids (on ealrdisnB®Isisi s),
of which, 60% being SAPO 34 nol ecul ar sieve, 15.9% being al um na bi nder,
and 24.1%being clay matrix material. The weight ratio of the binder to
the nol ecul ar sieve is about 0.265 and a MSA of 499 nR/g-nol ecul ar si eve.
EXAMPLE 11 [01461 Spray drying of the s‘? urry of Exanple 10 was conducted
using a Yamato DL-41 spray dryer (Yamato Scientific America, O angeburg,
New York). An anmount of 850g of the slurry was spray dried. The spray
dryer oper at gghoi PN usH@WY SREBY00DIY $nikel (YanRf Szl hefcaggzl e of 1 mm
The spray drying conditions were: feed rate: 40 g/mn; inlet tenperature:
350C; at om Z@tangeburgreys Yioek) for2 psigey T6e teskPmg)1 00e@of the sluggsof ¢ied t r ogen)
flow at 60%.0of full settin he spray .dry product, the formul ated

mol ecul ar silé'\\’/@m@&tcgpvg%edélg%%’-s[‘igf (g %@ne%li’ﬁs!sg&'}léﬂn?% 497 ReingHpdl Othe
cat al yst. co i t j ' f 0 850C in air
for 2 hour s% gfe(b:a c%li?léeedlgg% a?é?/r}é Mc{;igl?rnpdogs}ln??r’on d\/\jggs%{ﬂfgg%g%?agfrﬁ%l rition .
testing and mpaetialcl e size anal ysis. Attrition resistance of the spray WO

03/000413 PCT/ US02/ 19955 64 dried catalyst conposition was determ ned
using a j et -18&Slat t r iRartéele sige enalysieresHispbiaingd aresMyerasraBi®R as a result of

attrition thus obtained js defined as. the ARL. The higher the | the )
i gher the AttFTSRRReaR el BaERe M tiler AT RS PPEI AL vol coul ar
si eve catal yd nGOFRAGH 5iRidrond A& pRBEUITAE p%@réeaisceﬁ[sxﬁlowfth@gurm%@ tion of
Exanpl e 10 spray dried in accordance with Exanple 11 had an ARl of 0.23
wei ght per cegiverparTdbbuk.. EXAMPLE 12 [01471 A slurry containi ng SAPO 34,
al um na binder and clay as a matrix was prepared according to the

follow ng procedure: (A) 332.1g of a SAPO 34 nolecular sieve filtercake
(partially dried mol ecul ar sieve, di®lehat has not been fully cal cined)

(l'iquid nmedi um cont Pércg’xf%ilgsz wet-ght—pet %EWL al

10% 0.754
20% 0.801
30% 0.833
40% 0.859
50% 0.883
60% 0.908
70% 0.936
80% 0.971
90% 4.990
95% 6.143

EXAMPLE 13

[0149] The slurry obtained in Example 12 was treated using a Silverson

high-shear mixer at 6000 RPM for 3 minutes (Silverson Machines, Inc., East
Longmeadow, Massachusetts). Particle size analysis results obtained on a
Microtrac S3000 instrument also showing a bimodal particle size distribution with
the peaks centered at 0.9 micron and 5 microns respectively. The particle size

distribution of this slurry is shown in Table 2.



wei ght of the nolecular sieve and the liquid nmediun) was added to 189. 32g
of deionized water and m xed at 1000 RPM using a Yamato 4000D m xer
(Yamat o 8oioamod4ii3 c Anerica Inc., Orangeburg, New York) f@cTarset/meses. This
SAPO- 34 slurry gave a pH value of 6.4 nmeasured at 22C. (B) An al um num

chl orohydrate solution was prepared by adding 96.56g of Reheis McroDry

al um num chlorohydrate (Reheis Inc. %ﬁkel ey Heights, New Jersey) to

94. 66g of deionized water and m xed at 1000 RPM usi ng a Yamato 4000D m xer
(Yamato Scientific Anmerica Inc., Orangeburg, New York) for 2 mnutes. This
solution had a pH of 3.8 rreasured at 26C. (C) The SAPO 34 slurry prepared
in step (A) and al um num chl orohydr atjgpgol uti on prepared in step (B) were
m xed at 1000 RPM wusing a Yamato 4000D mixer (Yamato Scientific Anerica
Inc., Orangeburg, New York) for 2 mnutes. This second slurry had a pH

val ue of 4.3 neasur gPeadenBBE. (D) 255. §Pagticdé Skzegeldiad)d s ASP U trafine
kaol in clay (Engel harl@%,orporatl on, |se|d Tp1 New Jersey) werle added to the
second slurry obtair oot —step ©—undet ¢; stant—nrxtng—at; 250 to 300 RPM
t hen m xed at 1000 F'HQL“SH*" a-—~Yaret-o (90,7 mxer—(-Yamato-Scientific
Anerica Inc., Oangp 0% New York) for P nutes_ This t hifrd slurry had a
pH val ue of 4.2 neaSLﬂOe@ at_23C. (E) 31.|8957%% dei oni zed watler was added to
this third slurry oht®’hed in step (D) t|He823m xed at WD 03/ Q00413

PCT/ US02/ 19955 65 1@/ RPM usi ng a Yanmgtosgh000D m xer (Yangt o Scientific
Anerica Inc., Oan %%g, New York) for 2y L) ut €S, The Tesyl ting 1000g of
the slurry of the i ILI of—cottatned %@gﬁﬁl ds—(oefr—a—~caltgi ned basis),
whi ch, 40% bei ng SA °M nolecular—siev 10.6% bei-hg—alunina binder, and
49. 4% bei ng cl ay mat A% nmt er | al [014 ¥ ticle size anal ysis results
obt ai ned on a M crot{rf%& S3000 i nstrunent4ZBowed bi nodal parlticle size
distribution with the peaks centered at 0.9 mcron and 5 m crons

rT eEPeCE i vel yjoiBog par Id tiseE:ehingllé 1 Diheiagibuaf oft faetidésusrester than §nviednk N Tabl e 1.
abl e

was approximately 6% representing about 50% reduction in particles larger than 3
microns when compared to the data presented in Table 1. Moreover, the result
shows a significant size reduction for the entire particle size range demonstrating
the benefit of high-shear mixing in controlling particle sizes.

EXAMPLE 14

[0151] The slurry was prepared according to Example 12, further mixed
with a Yamato 4000D mixer at 200 RPM for 10 minutes at 200 RPM, and the
slurry prepared according to Example 13 were introduced to a spray dryer and
spray dried according to the following procedure. Spray drying of the slurries
was conducted using a Yamato DL-41 spray dryer (Yamato Scientific America,
Orangeburg, New York). An amount of 750g of the each slurry was spray dried.
The spray dryer operated in a down spray mode using an atomization nozzle of 1
mm. The spray drying conditions were: feed rate: 40 g/min; inlet temperature:
350°C; atomization pressure: 1bar (metric units); 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. The calcined spray dried

molecular sieve catalyst composition or formulated molecular sieve catalyst



Percentiles Particle Size (mcron) 10%0.754 20%0.801 30%0.833 40%
0.859 50%0.883 60%0.908 70%0.936 80%0.971 90% 4.990 95% 6.143
EXAMPLE 180[0GA4®B13 The slurry obtained in Exanple 12 was t Peatusd2/uwsng a
Silverson high-shear mxer at 6000 RPM for 3 m nutes (Silverson Machi nes,
Inc., East Longnmeadow, Massachusetts). Particle size analysis results
obtained on a Mcrotrac S3000 i nstrumept al so showi ng a binodal particle
size distribution with the peaks centered at 0.9 micron and 5 microns
respectively. The particle size distribution of this slurry is shown i n
Table 2. WD 03/ 000413 PCT/ US02/ 19955 66 Table 2 Percentiles Particle Size

(mcron)  1086:p&bions 20 ExQmbles 12 30801 9 webdestd®¥6:Qtififion anPPaBcRade 60% 0. 869
70% 0. 919 83‘%; % gg}}
istribution.

[0152] However, during spray drying of the slurry prepared in Example 12
plugging of the spray nozzle occurred due to the presence of lumpy materials in
the slurry. Spray drying had to be interrupted three times to remove the spray
nozzle and clean up the blockage. Attrition resistance of spray dried molecular
sieve catalyst compositions of Examples 12 and 13 had an ARI of 2.51 percent
per hour and 0.95 percent per hour respectively. The ARI was determined using
the jet-cup attrition test described previously in this patent speciﬁcation..'
EXAMPLE 15

[0153] A slurry containing 45 wt% solid (on a calcined basis), 40% being

SAPO-34 molecular sieve having not been fully dried and that has not been
calcined, 10.6% ALO; (alumina sol, the binder), and 49.4% clay (the matrix
material), was prepared according to procedure: (A) add 527.3 g of a SAPO-34
molecular sieve, wet filtercake, (on a calcined basis of 306.0 g) (liquid medium
content 30.12 weight percent based on the total weight of the molecular sieve and
the liquid medium) to 337.4 of deionized water, and mixed at 700 RPM using a
Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)
for 10 minutes, and then followed by a high-shear treatment using the Silverson
high shear mixer at 6000 RPM for 5 minutes. This slurry had a pH value of 7.0
measured at 32°C. (B) add 164.1 g (on a calcined basis of 81.1 g) of Reheis
MicroDry aluminum chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey)
to 1168.7.6 g of de-ionized water, mixed at 700 RPM using a Yamato 4000D
mixer (Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes,
and then mixed using the Silverson high-shear mixer at 6000 RPM for 3 minutes.
This slurry (B) had a pH value of 3.5 measured at 37°C. (C) add Slurry (A) to
Slurry (B), mixed at 700 RPM using a Yamato 4000D mixer (Yamato Scientific
America Inc., Orangeburg, New York) for 10 minutes, and then mixed using the

Silverson high-shear mixer at 6000 RPM for 5 minutes. This shurry (C) had a pH



90% 1.102 95% 4.243 [0150] In this Exanple 13 the anobunt of particles
greater than 4 mcrons was approxi mately 6% representi ng about 50%
reduct i orwore3fpemstd cl es | arger than 3 mcrons when conpar @dTius0/sglat a
presented in Table 1. Mreover, the result shows a significant size
reduction for the entire particle size range denonstrating the benefit of
hi gh-shear m xing in controlling particég sizes. EXAMPLE 14 [0151] The
slurry was prepared according to Exanple 12, further mxed wth a Yanato
4000D m xer at 200 RPM for 10 minutes at 200 RPM and the slurry prepared
according to Exanple 13 were introduced to a spray dryer and spray dried
accordi ng t ovalleoffo0 heasured pridé@didy)add $p6.2¢ ddBrigalpadfs ASEUstrafinei es  was
conducted using a Yamato DL-41 spray _dryer (Yamato Scientific America,

Or angebur g, vhwEngalhard oupratin, ssba, Jewdeaeedch i onmaploied spray -
dried. Th .af. i I tom zat i
nozste of 1 U a8 2 e RIS L AeAoiR et SR R Soliflfs SRREH T 70! O

inlet tenperm@ble@ar sidrad AdmiumedhlBhRIrSs SHA&: cohfadt i iRl 4t Q00 R 460 ;
carrier gas (ni tro{gen) flowat 60%of full setting. Spray dry products

wer e col | ectRM; andithep siierbat 7PRRPNMwsing ackdnyite 4000 maxen(i anetof ur nace at
650C i i h . Th | cj dri .mol | i t al yst
conposi t | on ‘SHeT Gt o CEIRER EoNEY & il i oitonea ByG © °T T YS

PCT/ US02/ 19956h-skchr GARRE $tehp! RN tRE ST/ Bikel £ 006 RPA W& £mikedsed for
attrition and particle size distribution. [0152] However, during spray

dryi ng of t HehisKnalrsjurpy baba pd velveleX dripheasti@d apBaf§gi Tigs ekl 16 h6e9SPpeay nozzl e
occurred due to the .presen/ce of sl.ur ay
&

| . ials in the slurry. S
dryi ng had (UBEeoEBIREOY eIk (@b EHFBEd b eovich H76 ity SRO73A o and
| t he bf | bds = f . dr | i
Catal st conmoe e o ey A e R B A B s cont  per

hour and 0. Qbategslcent per hour respectively. The ARl was determ ned using

EXAMPLE 16

[0154] Spray drying of the slurry of Example 15 was conducted using a
Yamato DL-41 spray dryer (Yamato Scientific America, Orangeburg, New York).
An amount of 800g of the slurry was spray dried. The spray dryer operated in a
down spray mode using an atomization nozzle of 1 mm. The spray drying
conditions were: feed rate: 40 g/min; inlet temperature: 350°C; atomization
pressure: 14 psig (96.5 kPag); carrier gas (nitrogen) flow at 60% of full setting.
The spray dry product, the formulated molecular sieve catalyst composition was
collected in a cyclone. The éatalyst composition was then calcined in a muffle
furnace at 650°C in air for 2 hours. The calcined catalyst composition was used
for attrition testing and particle size analysis. Attrition resistance of the spray
dried catalyst composition was determined using a jet-cup attrition unit. The
hourly fines generation as a result of attrition thus obtained is defined as the ARI.
The higher the ARI the higher the attrition rate or the weaker or softer the
formulated molecular sieve catalyst composition.

[0155] The molecular sieve catalyst composition of Example 15 was spray
dried in accordance with this Example 16 had an ARI of 1.03 weight percent per

hour.



the jet-cup attrition test described previously in this patent
specification.. EXAWMPLE 15 [0153] A slurry containing 45 wt% solid (on a
cal ci ned wWaIB®)041310% bei ng SA- PO 34 nol ecul ar si eve havi mgTrusv2/weh ful |y
dried and that has not been calcined, 10.6% A12G3 (al um na sol, the

bi nder), and 49.4%clay (the matrix material), was prepared according to
procedure: (A) .add 527.3 g of a SAPO 34, nol ecul ar sieve, wet filtercake,
(on a calcined basis of 306.0 g) (liqui d9madi um content 30.12 weight
percent based on the total weight of the nolecular sieve and the liquid
medi un) to 337.4 of deionized water, and m xed at 700 RPM using a Yanato
4000D m xer fXamppEScientific Anerica Inc., Orangeburg, New York) for 10
m nutes, and théen folTowed by a high-shear treatnent using the Silverson

hi gh shear niOl&6] at 686DIRRnfaaring4frivtlitselid (Giha salsined basiNatd% bpibigval ue of
7.0 neasure C. add 164. on, al ci.ne sis of [ 81.1 g) of
Reheis M crg‘%ﬁ @iﬂzﬁmeﬁ% %ﬁ‘feol?aé’h%ﬁé?eg’?ga ’R@?ﬁépg‘illﬁc?g/? %K@Pwaﬁﬁlght s, New
Jersey) to 6 O M ing a Yamato
4000D  mi xerﬁ‘% @?ﬁé{)bmgcﬁﬁ?ﬁ?%ﬁ?ﬁfﬁﬁﬁ%@%gﬁﬁg’tg{)eé?“g?gﬁyﬁq ork) for 10
m nut es, angtotdueme: fA) edd 483.7g of heS ARD-94 rsderubir glavs Heed atrd0R@ forast hif§000 RPM
for 3 mnutes. This slurr ;B%)@Sad a pH value of 3.5 neasured at 37C. (O
add Slurry (('553)'l 3 @leirgd hasty of By4.09) deidmedim wmtant 4P A weighiPercent4000D ni xer
(Yamat o Sci Lk i York) f.or,10, m nutes, and
t hen m xed %hﬁgb{f ﬁheﬁggli :‘x]\%%rhlégf\thﬁ ﬂ‘ﬁ%@%ﬁgﬁéﬁa@ﬁl\é’é&qggdéﬁ&ﬁﬁm %(f’:l m nut es.
This slurry ¢6) dhasized whte¥\@n@3diRQ0A T80 REM W2~ 18960k 468y alixe of 4.0
measured at 34C. (D). add 446. 2 of Engelhard"s ASP Utrafine kaolin clay
(Engel hard Corgmntabrigntifi¢ Aaeriga Inqe\Praegebuig, New7Yek) 61 14 reiatitshad  basi )

d 56.2 -i oni.zed to the ab S| t ai.ni ng SAPO- 34
o eou ar st heR FolloRath MBhShod BolmEa Pt R sl b e SR AR 0 500 o
400 RPM  angbooherMitox $chidbtes’ OPhiREINMY T e p8l Y8 400 & xered Yamat o

Scientific Anerica Inc., O angeburg, New %r k) for 10 mnutes foll owed by a
hi gh- shear niBiadd 183 8z (eviarmglcired bBik vERSB1Z) nf RelrciaMiGoDEy &BMlifume 3 mi nut es.

chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to 201.6 g of de-

ionized water, mixed at 700 RPM using a Yamato 4000D mixer (Yamato
Scientific America Inc., Orangeburg, New York) for 10 minutes, and then mixed
using the Silverson high-shear mixer at 6000 RPM for 3 minutes. This slurry (B)
had a pH value of 3.0 measured at 30°C. (C) add Slurry (B) to Slﬁrry (A), mixed
at 700 RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,
Orangeburg, New York) for 10 minutes, and then mixed using the Silverson high-
shear mixer at 6000 RPM for 3 minutes. This slurry (C) had a pH value of 3.8
measured at 29°C. (D) add 470.6 g (on a calcined basis of 401.8 g) of Engelhard's
ASP Ultrafine kaolin clay (Engelhard Corporation, Iselin, New Jersey) and 67.2 g
of de-ionized water to the above Slurry (C) containing SAPO-34 molecular sieve
and aluminum chlorohydrate under constant mixing at 250 to 400 RPM, and then
mixed at 700 RPM using a Yamato 4000D mixer (Yamato Scientific America
Inc., Orangeburg, New York) for 10 minutes followed by a high-shear mixing
step using the Silverson mixer at 6000 RPM for 3 minutes. This final slurry had a
pH value of 3.8 measured at 31°C. This led to 1800.0 g of slurry containing 45%



This final slurry had a pH value of 4.1 neasured at 35C. This led to 1699.9
g of slurry containing 45% solids (on a cal cined basis), of which, 40%

bei ng SAP®O34/003m3 ecul ar si eve, 10.6% bei ng al um na bi nderCTArsd2/#9531% bei ng
clay matrix material. EXAMPLE 16 [01541 Spray drying of the slurry of
Exanpl e 15 was conducted using a Yatnato DL-41 spray dryer (Yamato
Scientific America, O angeburg, New Yorfy). An anount of 800g of the slurry
was spray dried. The spray dryer operated in a down spray node using an
atom zation nozzle of 1 mm The spray drying conditions were: feed rate:
40 g/mn; inlet tenperature: 350C, atom zation pressure: 14 psig (96.5
kPag); carriseiidgas daliigddgeis), of nbiehat0% Oangf S ARDI3 43@dledulg.sievENED.6%r ay dry
product, the fornul ated nol ecul ar sieve catalyst conposition was collected
in a cycl ondeingrduaiadipdsr, g s Priga claydnatis mateiadi ned in a nmuffle
furnace at in aif f [S. cal cine | vst osk tion was
used for at tﬁ ?Ig%t]i on trlglse t@cﬁa&é%gyeﬁlgrc f %B’ %Cosipzogﬂlé)glﬁ(%% ?@%FeA]th%?%i ed

resistance qh abhRd&iRe Mth Bianfle Cahal MSAREONDIS infei R p¥RentdRt B6UF ned using a
jet-cup attrition unit. The "hourly fines generation as a result of

attrition t HEXAYRBEASd i s defined as the ART. The higher the ARl the
qi ove catal Yot ¥onpodt fiEw oo PTREe oL B AP e essae Py B omposi 1 on
S, Sl o e bl g st daRse i 0 o3 xalBlggif Pad o
EXAVPLE 17 [thd bier), miduA9r4fs chiyt(tiemaigx ftetal) sob prepfred aecordingitmed basi s),
(al U na’solprocadis: (it 312 saaf a§ARDY BpleciiisSiia fod hadis pepiEhins.
b <par e, SCigfl 38 S BEERHY 2)kl AEAS rB g AR ol o
medi um cont entedléh 84 tol ghichpsfitiemlolecular sieve and the liquid medium) to 301.1

g of deionized water, and mixed at 700 RPM using a Yamato 4000D mixer

(Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes, and

then followed by a high-shear treatment using the Silverson high shear mixer at

6000 RPM for 3 minutes. This slurry had a pH value of 5.9 measured at 29°C.

(B) add 77.2 g (on a calcined basis of 38.2 g) of Reheis MicroDry aluminum

chlorohydrate (Reheis Inc., Berkeley Heights, New Jersey) to Slurry (A), mixed

at 700 RPM using a Yamato 4000D mixer (Yamato Scientific America Inc.,

Orangeburg, New York) for 10 minutes, and then mixed using the Silverson high-

shear mixer at 6000 RPM for 3 minutes. This slurry (B) had a pH value of 3.3

measured at 33°C. (C) Add 209.2 g (on a calcined basis of 177.8 g) to the above

Slurry (B) containing SAPO-34 molecular sieve and aluminum chlorohydrate

under constant mixing at 250 to 400 RPM, and then mixed at 700 RPM using a

Yamato 4000D mixer (Yamato Scientific America Inc., Orangeburg, New York)

for 10 minutes followed by a high-shear mixing step using the Silverson mixer at

6000 RPM for 3 minutes. This final slurry had a pH value of 3.4 measured at

33°C. This led to 800.0 g of slurry containing 45% solids (on calcined basis), of

which, 40% being SAPO-34 molecular sieve, 10.6% being alumina binder, and

49.4% being clay matrix material.



based on the total weight of the nolecular sieve and the liquid nmediun to
403.1 g of deionized water, and m xed at 700 RPM using a Yamato 4000D

m xer (VaoaBooBel entific America Inc., O angeburg, New Y@CH)UuShD19930D

m nutes, and then followed by a high-shear treatnent using the Silverson
hi gh shear m xer at 6000 RPM for 3 mnutes. This slurry had a pH val ue of
6.4 neasured at 27C. (B) add 173.8 g ( a cal cined basis of 85.9 g) of
Reheis. M croDry al um num chl orohydrate (Reheis Inc., Berkeley Heights, New
Jersey) to 201.6 g of de- ionized water, m xed at 700 RPM usi ng a Yanato.
4000D mi xer (Yamato Scientific America Inc., Orangeburg, New York) for 10
m nutes, andoibgn m X motskig sliévé colalP4EE smcﬁﬂbfﬁa@ﬁlﬁ)léw@r?aaﬂ&poo RPM
for 3mnutes his slurry (B) had a pH value of 3.0 fmeasured at 30C. (O
add Slurry (iBpceadglcamwith Kx9mplei &bad amARI00 1 RPMeighit pgreantygemhowr. 4000D mi. xer

Y S A I O b Yqr i , d
Crameno oo J0l § o B Rieiien grerndas biin s dasn s RBRT Y 3. m mut oo,
This slurry Ie@redz@?o gargll?{ll\e{@édi@od?ﬁleﬁs% ogyéﬁ%slr'&lﬁgg%k 1?1%2?' rt ﬁldd 470.6 g (on

a cal cined basis o 8 g) of Engel kaolin cl ay
(Engel hard Goppwiad thantheliswntion ldNdwitsdf tvepjiadord to¥ netegsaribf illdstrtedi zed wat er
to the above Slurry (C containing SAPO 34 nol ecul ar, sieve and al um num
chl or ohydr atlk?f%lﬂdgiar SEHI e AL IS gptenglad thajghe Blolﬁ?BlaRﬁiﬁiYe elytthen nixed at

rangebur g, RERCVAPE)® PA fo e iR cor RADEGLALANL bifeIERL BRET, . (o

using the Sidoyieésons [’@a&&énsahlaﬁt@&(hnﬁ?&ﬁcfd)f)htﬁalfiﬂ Myhatide dli ferflbmailes! urry had
a pHvalue of 3.8 neasured at 31C. This led to 1800.0 g of slurry

cont ai ni ng 457 VigiQB/ \oDYAIBs POFhSY 2y 19e8s and yasesi Iﬁschebﬁrowlm ned basis),
of which, 40% bhei ng,,SA:PO- 34 rml 6% I a binder,
and"49; 456 baP g 0BT oY WREPES coplranrr Ty 3 pRnahd el of IR PelS ol yor
conposi ti on Bbcdsx arRIs8d f conRtiAMidi! bﬁﬁiculh ACEECRANEtM 2dnERRIng 16 had an
ARl of 0.75 wei ght percent per hour. LE 18 [01581 A slurry containing
45 wt % sol i difgieoamuitipdé reeckobsasies)., Itdf{)%(bmmgnplated the molecular sieve

catalyst compositions described herein are useful as absorbents, adsorbents, gas

separators, detergents, water purifiers, and other various uses such as agriculture

and horticulture. Additionally contemplated the molecular sieve catalyst

compositions include one or more other molecular sieves in combination. For this

reason, then, reference should be made solely to the appended claims for purposes

of determining the true scope of the present invention.



SAPO- 34 nol ecul ar si eve having been partially dried, 10.6% A1203 (al um na
sol, the binder), and 49.4%clay (the matrix material), was prepared
accor di ngwoos/oprezedure: (A) add 212.5 g of a SAPO 34 nol ecalaon2/s496ve dri ed
at 25C overnight (on a calcined basis of 144.0 g) (liquid nmedi um content
18. 40 wei ght percent based on the total weight of the nolecular sieve and
the liquid nedium to 301.1 g of deionized water, and m xed at 700 RPM
using a Yamato 4000D m xer (Yanmato Scientific America Inc., O angeburg,
New York) for 10 minutes, and then followed by a high-shear treatnent
using the Silverson high shear m xer at 6000 RPMfor 3 mnutes. This
slurry had acpHAmesue of 5.9 neasured at 29C. (B) add 77.2 g (on a

cal cined basis of 38.2 g) of Reheis McroDry alum num chl orohydrate
(Reheis Inc., Berkeley Heights, New Jersey) to Slurry (A, mxed at 700
RPM usi ng a YamatQ 4000D.m xer (Yamato Scientific America.lnc.,

Or angebur g, &??tg?‘gfor férnml SAsmolerar Hevs Gafaley corapeRitioh dhes; | ver son

hi gh- shear m xer @680, R&'}{ggl?ést%) ggnutes. This slurry (B) had a pH val ue
of 3.3 neasured at 33C. FC d 2 5 2 g (on a calcined basis of 177.8 Q)
to the above Sl ufa) prdvi)ing a micdéaniangicSABEN Bdsin® heambait of liqui metiu@alim num

chl orohydrate under constant m xing at 250 to 400 RPM  and then m xed at
700 RPM using a RR#tes od door miekaht Perventde 80 Seeighs peropnt i medivmnc . |

Orangeburg, New Y, 1 f . i gh- [, mxing step
using the Silver s%%s%()rino%fg?ertgfaﬁ)%ngééc%gﬁ%e%@%ﬁqﬁ?i@eﬁﬁ al slurry had
a pH val ue of 3. 4(byeakitedslatry oB&iCmoldtutr bi@de,fa(biﬁ{bﬁ-a(ﬁd@gﬁfme&lyw ry

cont ai ni ng 45% solids (on cal cined basis), of which, 40% bei ng SAPO 34

nol ecul ar si eve, meirsompeiipgand uni na bi nder, and 49.4%being clay matrix

material. WO 03/0 13 .PCIT/ US02/.1995 7 0159] The | .ecul ar, sieve
catal yst conposi t&gﬁor&‘m&ﬁ e ?@r%%pﬁﬁ%ﬁ%ﬂeéfnﬁ?eﬁﬁgg?ﬁ% aljit h Exanpl e
16 had an ARl of JofshsiRinght percent per hour. [0160] Wile the present
i nvention has been described and illustrated by reference to particular
enbodi nents, those of ordinary skill in the art will appreciate that the
[ ti | ends i | f t i ati ) Iy il trated
I nvention e£ S I'h?ee metho o\Il%{a}n? 1|v9ﬁ]e?elrr1],qthe ?n% eecfl a? gllevg/ prlovldlécsl iﬂﬁeg a) is
synthesized by crystallization from the combination of at least two of the
group consisting of a silicon source, a phosphorous source and an

aluminum source, optionally in the presence of a templating agent.

3. The method of claim 2 further comprising removing the liquid medium

until the molecular sieve comprises from 0 to 80 weight percent liquid

medium.
4, The method of claim 3, wherein liquid medium removal is By filtration.
5. The method of claim 3, wherein liquid removal is by heating at a

temperature of less than 180°C.

6. The method of any of the preceding claims wherein the molecular sieve
provided in step a) comprises an amount of a liquid medium in the range

of from 0 weight percent to 70 weight percent based on the total weight of



herein. For exanple, it is contenplated that the nol ecul ar sieve catal yst
conposition is useful in the inter-conversion of olefin(s), oxygenate to
gasol i ne wooawersss ons reactions, mal aei ¢ anhydri de, phthalPCa/taydss de and
acrylonitrile formulation, vapor phase methanol synthesis, and various

Fi scher Tropsch reactions. It is further contenplated that a plug flow,
fixed bed or fluidized bed process are-ysed in combination, particularly
in different reaction zones within a single or multiple reactor system It
is also contenplated the nol ecul ar sieve catalyst conpositions described
herein are useful as absorbents, adsorbents, gas separators, detergents,

water purifiers, andneleb@hr Me¥d MdIiqueRBedimh as agriculture and
“horticulture. Additionally contenplated the nol ecul ar sieve catal yst

conpositions include one or nore other nolecular sieves in conbination. For
this reason, the refer e shqul d be. made sol el o the appended cl ai ns
for purposes’- of &%ﬁé}fﬁm’y r?gaiergﬁ‘éceg@gﬁ %F“fhﬁ’éarb{h@%%%tir%&éﬁ&%n. VO
03/ 000413 PCT/ USOB{43985n, ddlecHlefbiVRe & in thdTahist e ofiopms ating a

nol ecul ar sieve catal yst conposition, the nethod conprising the steps of:
(a) providing a nolecul ar sieve conprising an anount of liquid nmediumin

th f f i ght t to 80 i.ght g t. liqui di
e e, o o R AL RSOl S SR MmO peLE Liqu g et um
108 LY Sy A TR G P IR BRI T

sieve catalyst cofpedhtaimd mdeculdigidvebagisondt 1€dsaB0m bf WeaviSArof thdre

nol ecul ar sieve provided in step a) is synthesized by crystallization from
t he conbi nation ofddgculasaievebidfsef the group consisting of a silicon
source, a phosphorous source and an al um num source, optionally in the
presence of a tenplating agent. 3. The nmethod of claim2 further conprising

removing thegl i quiTte MRAIHRS claim 8, wherein the formulated molecular sieve catalyst

composition has a micropore surface area (MSA) on a contained molecular

sieve basis of at least 70% of the MSA of the molecular sieve by itself.

10.  The method of any of the preceding claims wherein the slurry comprises
solid particles, and the method further comprises the step of mixing the

slurry until at least 90 percent by volume of the solid particles have a

diameter of less than 20 um.

11.  The method of claim 10 wherein the slurry is mixed until at least 90

percent by volume of the solid particles have a diameter of less than 10

um.

12.  The method of any of the preceding claims wherein the slurry comprises

in the range of from 20 percent to 60 percent by weight solid particles.

13.  The method of claim 12 wherein the slurry comprises in the range of from

30 percent to 50 percent by weight solid particles.



until the nol ecul ar sieve conprises fromO to 80 weight percent |iquid

medi um 4. The nethod of claim 3, wherein liquid nmediumrenoval is by
filtrati owo 038004The net hod of claim 3, wherein |iquid renmprealusiy149y5 heat i ng
at a tenperature of less than 180C. 6. The method of any of the preceding
clainms wherein the nolecular sieve provided in step a) conprises an anount
of aliquid nediumin the range of from O weight percent to 70 wei ght
percent based on the total weight of 3/ 000413 PCT/ US02/ 19955 73 the
nol ecul ar sieve and liquid nmedium 7. The nethod of any of the preceding
clainms wherein the weight ratio of the binder to the nolecular sieve is in

the range of 14 ronTkb hethod @f By & thd PRcoBRhD i whAEinGhrhig B 868¢iNg cl ai s
wherein the fornulated nolecul ar sieve catal yst conposition has a

m cropore surfacestey @iy aBryed bysprag dntizg. ned nol ecul ar si eve basis of at
| east 80% of the MSA of the nolecular sieve by itself. 9. The nmethod of
claim8, wherein the fornul ated nol ecul ar sieve catalyst conposition has a

m cropore suf§ ac j ; S s of at
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any of the precedwatgr.cl ai ns wherein the slurry conprises solid particles,
and the nethod further conprises the step of mxing the slurry until at
| east 90 percent by volune of the solid particles have a dianeter of |ess

than 20 m 11 T i i sl i Lxed. until at
| east 90 pe&éen?ﬁb{/ﬁ%{gﬁgr?ggrgﬂ)fﬁhgbéeg?wgglr% %’F%gﬁlﬁta{%é%éécg}agkn%?g}s of |ess
than 10 m 12. Thesiffeddh@dinoph@sphiatofantdhempbpi@ghitg afd/ai SEHMSEBERothe sl urry
conprises in the range of from 20 percent to 60 percent by weight solid
particles. 13. THepeswolgsylappicEs.ai m 12 wherein the slurry conprises in the
range of from

17.  The method of any of the preceding claims wherein the binder is an

alumina sol, preferably aluminum chlorhydrol.

18. The method of any of the preceding claims wherein the method further
comprises the step (d) of calcining the formulated molecular sieve catalyst

composition after step (c).

19. A method for making a molecular sieve catalyst composition, the method
comprising the steps of:
a) combining a molecular sieve, a binder, and optionally a matrix material
to form a shurry of solid particles in a liquid medium,;
b) mixing the slurry until at least 90% by volume of the particles have a
diameter of less than 20 pm;

¢) directing the slurry to a forming unit to form catalyst particles.

20.  The method of claim 19 wherein the molecular sieve is synthesized from
the combination from at least two of the group consisting of a silicon
source, a phosphorous source and an aluminum source, optionally in the

presence of a templating agent.



30 percent to 50 percent by weight solid particles. W 03/000413

PCT/ US02/ 19955 74 14. The nethod of any of the preceding clains wherein
formng tweoshury in step (c) is achieved by spray dryi mgI/uss2/19pe net hod
of any of the preceding clainms wherein the liquid mediumis water. 16. The
met hod of any of the preceding clains wherein the nol ecular sieve is a

sil i coal um nophosphate, an aluninophospngte and/or a CHA franmework type
nol ecul ar sieve. 17. The nmethod of any of the preceding clainms wherein the
bi nder is an alumna sol, preferably alum num chlorhydrol. 18. The met hod
of any of the preceding clainms wherein the nethod further conprises the
step (d) of calcining the fornul ated nol ecul ar sieve catalyst conpositi.on
after step (c). 19. A nmethod for meking a nol ecul ar sieve catal yst

conposi tion,21t he HRetiettiod obamyr dfsilaigs tiRer 80 eyhereni mizipg costbp h) ngamiedol ecul ar
sieve, a binder, and optionally a matrix material to forma slurry of
solid particles itantiadeast \EQioh e nyticesdang adipameier pfless thani 10 4. | east 90%
by volune of the particles have a dianeter of less than 20 m c¢) directing
the slurry to a forming unit to formcatal yst particles. 20. The nethod of

claim 19 wherei n THemBMbe ePh@f ofdlAME 1090 3Y MRS Bl shéRMixindgs gabi nation
fromat |east two of the group consisting of a silicon source, a '

phosphor ous sour ce stapcb)an al umi num source, optionally in the presence of a
tenpl ati ng agent. WD 03/000413 PCT/ US02/ 19955 75 21. The method of any of
claims 19 or 20 wherein mxing in step b) is carried out until at |east

90% of the parti ofigsmBAYE ofafl FEBLRS 19f0 heShetdiPthe Hb1Bular sieve catalyst

composition has an ARI less than 2 weight percent per hour.

24.  The method of any of claims 19 to 23 wherein the pH of the slurry is
below the IEP of the molecular sieve or the pH of the slurry is below the
IEP of the molecular sieve and the IEP of the binder.

25.  The method of any of claims 19 to 24 wherein the weight ratio of the

binder to the molecular sieve is in the range of from 0.1 to 0.5.

26.  The method of any of claims 19 to 25 wherein the slurry comprises in the

range of from 20 percent to 60 percent by weight solid particles.

27. A formulated molecular sieve catalyst composition comprising solid
particles, the solid particles comprising a molecular sieve, a binder and a
matrix material, wherein (a) the weight ratio of the binder to the molecular
sieve is in the range of from 0.11 to less than 0.40, (b) the binder is
present in an amount of between 2 weight percent to 50 weight percent, (c)
the molecular sieve is present in an amount of between 5 weight to 80
weight percent, (c) the matrix material is present in an amount of between
0 weight percent and 90 weight percent, all weight percents based on the

total weight of the molecular sieve catalyst composition, (d) the MSA of



22. The nethod of any of clains 19 to 21 wherein high shear m xing is used
in step b). 23. The nethod of any of clainms 19 to 22 wherein the nol ecul ar
si eve catwbyswooscdnposition has an ARl | ess than 2 wei ght ppe@ruseni9oper hour.
24. The nethod of any of clains 19 to 23 wherein the pH of the slurry is
bel ow the I EP of the nolecul ar sieve or the pH of the slurry is below the

| EP of the nol ecular sieve and the |EP o the binder. 25. The nmethod of any
of clains 19 to 24 wherein the weight ratio of the binder to the nol ecul ar
sieve is in the range of from0.1 to 0.5. 26. The nethod of any of clains
19 to 25 wherein the slurry conprises in the range of from 20 percent to
60 percent by weithbtforsnilited maleculat sisve @Talyshchbmposition Bat heasteBOUb ati asi eve
catal yst conposition conprising.solid particles, the solid particles
conprising a nol eifaRedsnelgenlacsigyetysis OEHH MSApdths molegylar sigve bsivher ei n (a)
t he weight ratio .of | I - oSheve i ange of
from0.11 to les sl%te}]fta%?do@lgﬁ t?ugg}{rhgﬁgc?% ger‘cﬁﬂilagglg‘r’ezféagr?ﬁ A%Igﬁhéa}régg%t of

between 2 wei ght @@E¥ae0to 1S wélghicadtht pemeant, (c) the nol ecular sieve is
present in an amunt of between 5 weight to 80 weight percent, (c) the’
matri x mat erd&l i Bheoayelatedimolegnlaminyarcaiplysheampnshion®f i 37 hergent and 90

ol acul br o ove car ARG OREREER Bt Ry The! ViR blertiaebonts

PCT/ US02/ 19955 76 the fornul ated nol ecul ar sieve catal yst conposition is
at | east 80% on a contained nol ecul ar sieve basis of the MSA of the
mol ecul ar siZve Blhe fotrselafed navicdcul®)sicvn datalyst ¢ampositmned claxh @8 witereisi eve has

an ARl in the range, of fromO to_1.5 weight rcent per houy. 28. The
formul at ed mol ecif aﬁﬁp%wé%&%wé%%&%&%&q (ggvmg%épgqcmtﬁr rein the
ARl is in the range of fromabout O to 1.0 wei ght percent per hour. 29. The
formul at ed nol ecul ar sieve catal yst conposition of claim28 wherein the

ARl is in tiBo ranpe imikedadetilarQidve cRtalysheinglsitioalof any oPEfints@m .
' to 29 wherein the molecular sieve is synthesized from the combination
from at least two of the group consisting of a silicon source, a
phosphorous source and an aluminum source, optionally in the presence of

a templating agent.

31.  The formulated molecular sieve catalyst composition of any of claims 27
to 30 wherein the weight ratio of the binder to the molecular sieve is in the

range of from 0.12 to less than 0.30, and binder is aluminum chlorohydrol.

32.  The formulated molecular sieve catalyst composition of any of claims 27
to 31 wherein the binder is present in an amount of between 5 and 50

weight percent.

33.  The formulated molecular sieve catalyst composition of any of claims 29
to 32 wherein the molecular sieve is present in an amount of between 20

and 80 weight percent.



30. The formul ated nol ecul ar sieve catal yst conposition of any of clains 27
to 29 wherein the nolecular sieve is synthesized fromthe conbination from
at | east waw3wobo4ihe group consisting of a silicon source, PEATAISOZMISF OUS
source and an al um num source, optionally in the presence of a tenplating
agent. 31. The fornul ated nol ecul ar sieve catal yst conposition of any of
clainms 27 to 30 wherein the weight ratj-0 of the binder to the nol ecul ar
sieve is in the range of fromO0.12 to less than 0.30, and binder is

al um num chl orohydrol . 32. The fornul ated nol ecul ar si eve catal yst
conposition of.any of clainms 27 to 31 wherein the binder is present in an
amount of bexdweenA preaash B conveitiita feedseaittintodde off hdrd clefifspinetle Mol ecul ar
sieve catal yst conposition of any of claims 29 to 32 wherein the nol ecul ar
sieve is present HIPSCRER %fr?oﬁ@mml@?edt;@@ Iggadar s)eye catalysBermprasiion aseeidmgt . WO

03/ 000413 PCT! USQR1 9850, Al 374 BE B6BRRY L0 AMYBH T 1A, & fglst ock [ nto

one or nore olefin ésence 0 ormur

cat al yst conp03|&bge‘accord|ng to any of clainms 27 to 33 or as obtai ned by
the method of any of clainms 1 to 26. 35. The process of claim 34 wherein

t he feedstock conprises at | east one oxygenate 36. The process of any of
clainms 34 or rein co vers nhof Hg edstock .into one or nore

ol ofin(s) ¢ es %&50?%83 HRE $ SE5 R B fesbioph OBprRER 86eT GRS her
conprises the St RS wthdrawing fromthe reactor systeman effluent
stream and passi ng ?he effluent gas through a recovery system recovering
at least the one or nore olefin(s). 37. The process of any of clainms 34 to

36 wherein the process further _ conprises the step of introducing the
mol ecul ar si¥ve 6§F5F9§¥SOﬁ%ﬁﬁ8§?¥?%ﬁ4pb3%“@éﬁ@h@ﬁ%@ﬁﬁﬁ“&?&%%ﬁ4$@m§orn1a

regenerated mol eGH afe or more olefin(s) takes place in a reactor system and the process
further comprises the steps of withdrawing from the reactor system an
effluent stream and passing the effluent gas through a recovery system

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

37.  The process of any of claims 34 to 36 wherein the process further
comprises the step of introducing the molecular sieve catalyst
composition to a regeneration system to form a regenerated molecular
sieve catalyst composition, and introducing the regenerated molecular

sieve catalyst composition to the reaction system.

38.  The process of any of claims 34 to 37 wherein the feedstock comprises
methanol, and the olefin(s) include ethylene and propylene, and the

molecular sieve is a silicoaluminophosphate.

39. A process for converting a feedstock into one or more olefin(s)
(1) the feedstock is prepared by passing at least one hydrocarbon
tthrough a syngas production zone to produce a synthesis gas

stream,



si eve catal yst conposition, and introducing the regenerated nol ecul ar
sieve catal yst conposition to the reaction system 38. The process of any
of cl ai mewB430a43¥ wherei n the feedstock conprises nethamelrjusazithoshe

ol efin(s) include ethylene and propyl ene, and the nolecular sieve is a
si |l i coal um nophosphate. 39. A process for converting a feedstock into one
or nore olefin(s) (i) the feedstock is,ﬂgepared by passing at |east one
hydrocarbon tthrough a syngas production zone to produce a synthesis gas
stream WO 03/000413 PCT/ US02/19955 78 (ii) the synthesis gas stream
obtained in step (i) is contacted with a catalyst to forma feedstock

conprising at |egg) ortﬁe%g@sﬁgagae:su@mom%ﬁgedmﬁeﬁ@%%9_%@%&{&9 ng at

| east one oxygenate obtained in step (ii) is converted into the one or nore

ol efin(s) according t ccatdbgst ipfoonesedstockropmpfisiniat leestdpetogyGnatejdnd The

process of any of clai 34 to 39 wherein the process further conprises
the step of. (d) ®bdl yrfggf%ﬁﬁﬁck ngnBrﬁﬁéng)?tq%F‘énegq”%’]gﬂ‘?(t%?btﬁwegﬁbﬁ%r esence of

a polymerization catalysts IRt B KOLEE bimore olefin(s) according to the

process of any of claims 34 to 37.

40.  The process of any of claims 34 to 39 wherein the process further
comprises the step of: (d) polymerizing the one or more olefin(s) in the

presence of a polymerization catalyst into a polyolefin.



