WD 2004/ 105942 PCT/ US2004/ 012912 1 PROCESS FOR PREPARI NG ATTRI Tl ON

RESI STANT MOLECULAR SI EVE CATALYSTS AND THEI R USE FOR OXYGENATE TO OLEFI NS
CONVERSI ON Wel2do4afosedze | nvention This invention relates tp@tsdifern

‘resi stant nol ecul ar sieve catalysts. In particular, this invention relates
to attrition resistant nol ecul ar sieve catalysts that 5 contain

sili coal um nophosphate (SAPO nol ecul ar sieve. Background of the Invention A
nol ecul ar sieve is generally a m croporous structure conposed of either
crystalline alum nosilicate, belonging to a class of materials known as

zeol i t es,PROFESE (Rpdt BRFHARENG |ATAR AOYHORPHATANT MOLECLAEt SIAVENGATALYSTS AND THEIR

si | i coal HFENBPRESPRETAEE TRALEE WA COTERSI&Yes can be nade by hydr ot hennal
crystallization froma reaction m xture conprising reactive sources of

silicon and/ o ah$FaididRagibg” Phosphorous containing conpounds, usually in
t he presence of—ome or severdl

organic amnes or quaternary ammoni um salts
as structure directhignageitnselatdsso aktritvmreastdne Mol ahlxs siekd ciblyssulliar si eve
catal ysts are co.r’rBosi ions made of nol ecul ar sieve rti.cl es hound together

p
to form parti BFESUIR S INYRLAD FHatCRE dEtoRredsaranoley et talitietinbl ecul ar
si eve catad yst, Qihts'il?do%ﬁm‘ﬁﬂ?%lzdgﬁﬁ?}b tApg%ﬁt]&g[ar_sféggponent s such as binders,

fillers, |I1ke clay, and opt her” catalytically active agents such
as rare earth netal oxides, transition nmetal oxides, or noble 20 netal

conponent s. CBavienonodalf thelingadionf maki ng nol ecul ar si eve cat al yst
particles include 1 et her rmi ecul.ar sieve, and bi nder el |l as

j t
ot her opti onal conﬁ‘glﬁéfﬁ?‘glar g’g‘&%‘sé?nf‘ria ly & rycIoRgrolis SERCtpLe Composed @ hent s.

The m xture i&ggmni&aﬂdlﬁin%&ﬂﬁ%@%él@ggégﬁp&M&éﬁhﬁﬁemg Bhéws be'gdalitesafd t he
slfurry is dried to form nol ecul ar sieve catal %/st particles. Follow ng

drying, the pesielingslummophtsphaies, arerystalldemsiliespluwinophesphates.i Malesnlar he
cat al yst rti.cles. For_ e I S 6,509, 290 Bl .(Vaughn.et al.) discloses a
et ot ot 30 TV A Rerue A are e Ay ph gouEy SRS U wliet ni ng
nol ecul ar  si ey@npridifig fdabive sources of silicon and/or aluminum and/or phosphorous
containing compounds, usually in the presence of one or several organic amines or

quaternary ammonium salts as structure directing agents, also known as templates.

15 Molecular sieve catalysts are compositions made of molecular sieve
particles bound together to form particles larger than the molecular sieve
components. The molecular sieve catalyst particles can also include other
components such as binders, fillers, like clay, and optionally other catalytically
active agents such as rare earth metal oxides, transition metal oxides, or noble

(' 20  metal components.

Conventional methods of making molecular sieve catalyst particles include
mixing together molecular sieve and binder, as well as other optional components
such as fillers and other catalytic components. The mixture is typically stirred in

25  solution to form a slurry, and the slurry is dried to form molecular sieve catalyst
particles. Following drying, the particles are calcined to harden, as well as

activate, the catalyst particles.

For example, US 6,509,290 B1 (Vaughn et al.) discloses a methed of

30  making molecular sieve catalyst, the catalyst containing molecular sieve attrition



WO 2004/ 105942 PCT/ US2004/ 012912 7 particles and virgin nol ecul ar sieve.
The attrition particles are essentially broken particles that have been
recycl ed fwormsgetvat yst manuf acture process or a reacti opcTaxssmaeihe

- met hod invol ves m xi ng together a nol ecul ar sieve, virgin binders and
fillers, spray dried attrition particles or clunps, and non-virgin attrition
5 particles froma reaction unit. The mxture is dried to formfinished
catalyst particles. To add strength to The finished catal yst particles, the
attrition particles are substantially free of coke. US 6, 153,552 (Wachter
et al.) describes another nethod for making 10 nol ecul ar sieve catalyst. The
met hod i nvol wesickisand ylgByaplserlapsigy. ek atirition pagiclesage sspeanialhi #akebi | t he
al um na sol bel! ' | . d i ' 0 . 10. The
Tixture o ¢ RENeL T Byl FuaRlistil) AR SR Rg B ARl el ok e
to be rel ati ¥ptainhThe methcal invelves mixing togeties b andleculdy siEet] Argin bitidatsyt i C
reacti on processes, particularly processes _which convert, oxygenates to .
ol efins, reqand Bl SPraafEehRirEion RAdeed e MEPS 124 PORIHBHLIUTIRS to  survive

t he rigorgus i : e Wcls ny: velr: r Lvely | ong
peri od ofboti H%I%@%g%\r?&\? %%a%g ﬁ%iﬁ'hggéslng?u%ggﬁﬁsa %ﬁggu é?&gicgt@%at al ysts

fail to conpusitert Ty aad birengeh anthaimishpd catkystysardeies shd aitntedf eeticlye

comerci al scal e use, 20 Additional nethods are, therefore, needed for the
manuf act ur e &% sHftaiallyfreg drgkecat al yst particles that are sufficiently
hard to withstand rigorous comrercial scale reaction conditions. Summary of

the Invention In one aspect, this invention provides a nethod for

manuf act uri ng 25 biSl&tid, 852 EWasheercathl destrilparanptieemethvdtfoamakmgf fi ciently
ard such, that the catal 2%/ts n be u n canmercial scalg reaction

{ ed |
gyst ens Ybr Wolechlag SAgks sftalyshy .me‘B%@H{Yé‘ Yo RUXINgIPSLhT 2 myplecpr Leye,

hardness, thgy &f Susid00Y e hRSiR4 el Ridelih sbRfion aRd thabRRinSe aVA ¥
operations in systens such as fluidized bed systens. This is a particular

advant age i nof3 ®el0. rBecnmtutteyip thehlspiagtidried abé dalsinstiefbe callomed préthictiat al yst 30

:,Z| ;![ Irsg: st erdep(t)rrt]édo t%gort]eorlél:}atigle %f hsa}{d':‘,ti.ee-.rr1 aﬁxt'itiél(lalreas}slt;;{l%l y high velocities and at

15 Certain catalytic reaction processes, particularly processes which convert
oxygenates to olefins, require very hard molecular sieve catalyst compositions to
survive the rigorous commercial scale reaction conditions over a relatively long
period of time. Conventional methods of making molecular sieve catalysts fail to
consistently achieve an appropriate hardness for effective cominercial scale use.

20 . Additional methods are, therefore, needed for the manufacture of molecular sieve

( catalyst particles that are sufficiently hard to withstand rigorous commercial scale

reaction conditions.

Summary of the Invention

In one aspect, this invention provides a method for manufacturing
25  molecular sieve catalyst particles that are sufficiently hard such that the catalyst
can be used in commercial scale reaction systems for up to several months.
Because the particles are of such hardness, they are strongly resistant to attrition,
and can survive operations in systems such as fluidized bed systems. Thisis a
particular advantage in riser reactor type fluidized bed systems, where the catalyst

30  is circulated throughout the system at relatively high velocities and at relatively



WO 2004/ 105942 PCT/ US2004/ 012912 2 high tenperatures. Because the particles
are resistant to attrition, they can be left 1in the reaction systemfor
extended pew@gmi@ésodd me. I n one aspect, this invention pregwrARSea fRipod of
maki ng a hardened 5 nol ecul ar sieve catal yst conposition. In one enbodlnent,
t he nethod conprises mxing together nol ecular sieve, liquid, and an
effective hardening anount of dried nolegular sieve catalyst to forma
slurry of solids and liquid. The slurry i dried, and the dried material is
calcined to formthe hardened nol ecul ar sieve catalyst conposition. 10 In
anot her enbodi nent, the invention provides a nmethod, which conprises m xing
t oget her nol ebighdemperatieesafecavndedtie poitists lary Tesisanbtogdtisioysthey sar be lafa

slurry of solidsg and..liqu erein.fro %to 98 wt % of the solids in
the slurry, ﬁ’gd Q?Ho?gk’é?m fored‘ﬁ?nd%flp?d@a%f%’ﬁ ‘the slurry, is dried

nol ecul ar sieve 15 catalyst. The slurry is dried, and the dried slurry IS
calcined to formthe hardened. nol ecul ar sieve catal yst corrgom tion.

anot her enbodi ment In enfeaspe@cibissinyentinn prewides » pgthediofgnaking? Bardergd S|eve

Cov ot oy B RevlaliOh QBRLSIon 1RUn0eBpNHAL dd¥iaHOR BaftRE O

system for” at eas "he process é Cclrcu at| n ecul ar

sieve catal ysfixing t?&ﬂieﬁﬁio%ium tsftv@)(lycgﬂdil,aina ah@fleoivctidrddriigg axpgstdt e to

ol efin. In one enbod nment, of the i nventl on, bi nder, andq%(ftl onal ly matrix
material, aredffrkeqlesplensipyreaipyeda form §sbiy of salids mddiqwd o Ehe slrrryiiey e

catal yst to I gam o

oxi de sol - oo S e ot S LALSERR, Yol e RRUB mblRe i PO OF)

mat ri X mat er i edtalyst doh@)nsﬂﬁhe dried nol ecul ar sieve catalyst that is added to
fofrmthe slurry acts to substantially increase the hardness or attrition
resi stand® of the finished or 30 cal cined nol ecul ar si eve catal yst
Preferably, this finiahed .o Batdenae ifRhe gl%w%%y&h&daw Lor n AR
of not greater than 0.6 Wtﬁlﬁ30 upon cé bnﬁ }n?re WO 21104{%1? Odﬁb CT/ US2
0/ 14 /01 2 9 rhiding together molecular sieve and dried molecular sieve catalyst to form a

(

shury of solids and liquid, wherein from 2 wt % to 98 wt % of the solids in the
slurry, based on total weight of solids in the slurry, is dried molecular sieve
15  catalyst. The slurry is dried, and the dried shurry is calcined to form the hardened

molecular sieve catalyst composition.

In another embodiment, the process comprises circulating a molecular
sieve catalyst having an ARI of not greater than 0.6 wt%/hr through a reactor
' 20  system for at least 4 months. During the process, the circulating molecular sieve
( catalyst is contacted with oxygenate to convert the oxygenate to olefin.
In one embodiment of the invention, binder, and optionally matrix
material, are mixed with the molecular sieve and dried molecular sieve catalyst to
25  form the shuiry. Preferably, the binder is an inorganic oxide sol, more preferably

an alumina-containing sol. Preferably, the matrix material is clay.

The dried molecular sieve catalyst that is added to form the slurry acts to
substantially increase the hardness or attrition resistance of the finished or
30  calcined molecular sieve catalyst. Preferably, this finished or hardened molecular

sieve catalyst has an ARI of not greater than 0.6 wt%/hr upon calcining, more



4 preferably not greater than 0.5 wt % hr upon cal ci ning, and nost preferably
not greater than 0.4 wt% hr upon calcining. In one enbodinent, from2 w %
to 98 wt %WP 20E105HH2 ds in the slurry, 5 based on total y@f,gggm,_gjmggl i ds
“inthe slurry, is dried nolecular sieve catalyst. Preferably, fromls w %
to 80 wt %of the solids in the slurry, based on total weight of solids in
the slurry, is dried nolecular sieve catalyst. Mre preferably, from20 w
%to 40 wt % of the solids in the slurry, based on total weight of solids
in the slurry, is dried nol ecular sieve catalyst; and nost preferably, from
based.on,total weight

20w %t 10 t W, % of th | [ in the sl
of solids i rPrF%g‘ﬁng’j‘ﬂ' e‘%ef agpi%g‘ﬁ{/rdﬁllrég?ﬁ %ﬁcéf[’g{;r@&&ﬁ’t"éﬁ RrEferabiynat, ot her

enbodi nent érégg}ﬁﬁn\@m Ya%Mr 9Bokaldmifg t he solids in the slurry, based on
total weight of solids in the slurry, s nolecular sieve. Preferably, 15

the nol ecul ar sieve is selected fromthe group consisting of SAPO5, SAPC 8§,
SAPO- 11, SAPO- 16,, SAPO-17,..SAPQ:18,, S : PQ. 31 PO.34, SAPO 35,
SAPO 36, SAPO 37, I"sﬁﬁfﬁé"i‘tﬂd"g‘i{ﬁg‘ﬂl’i},z gﬁpﬁgﬁ’%“@ﬁgﬁﬁol%@&eﬁy %APO- 56,
ALPGO- 5, ALP®Gaddd oftdtd v ghtdiReids iia,thé\blBQ%/,Sé driéd B{diectfar sidvBCafdlyst. ALPO- 46,

met al contai ni ng nol ecul ar sieves thereo and m xtures 20 thereof. Also

pr ef er abl y, Rra@rably,deomd P avtifie 40 3@ wé Ve obtieaplds indbe slamysbased ee totalr  si eve

spo 17, sasy e oG iRe YRl AR Rl hle Rl Bterilis, 37
SAPG- 40, SARQM 20 wiARE 48 wtSABOI#R40i&AMGhE unSARed6n totAl Weight ofNoRE: 11,

ALPO- 18, ALPO 31, ALPO 34, ALPO 36, ALPO 37, 25 ALPO 46, netal contai ning
mol ecul ar  sitethssslumpriadried BiodecHax sigre satelyal ald mostpreEFalpsdesm BPMEfo of t he

et nyin 9580885 90O SPSLTB, ek Do TNEIM B LRI, 1
dri ed nol ecud died siodicelac aicat ysbiyais a sl urry conponent in the manufacture of
a final product catalyst. WO 2001/195942 PCT/ US2004/012912 5
In another embodiment, from 10 wt % to 93 wt % of the solids in the
slurry, based on total weight of solids in the slurry, is molecular sieve. Preferably,
15  the molecular sieve is selected from the group consisting of SAPO-5, SAPO-8,
SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34,
SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-
36, ALPO-37, ALPO-46, metal containing molecular sieves thereof, and mixtures
20  thereof. Also preferably, the dried molecular sieve catalyst contains molecular
( sieve selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPQO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
ALPQO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37,

25  ALPO-46, metal containing molecular sieves thereof, and mixtures thereof.

Brief Description of the Drawing

An example of one embodiment of this invention is shown in the attached
Figure, wherein the Figure shows the hardness effects of using dried molecular

sieve catalyst as a slurry component in the manufacture of a final product catalyst.



Det ai |l ed Description of the Invention 1. Hardened Ml ecul ar Sieve Catal yst
This invention is directed to hardened nol ecul ar sieve catal yst, nethods of
maki ng the Gg AhYysisvg2nd methods of using the catalyst. Thg ?Rk%ﬁﬂn?ﬁnf'eve
5 catalyst is significantly harder than conventi onal nnlechar sle

catal ysts, and can be used over an extended period of tinme, as it |s hi ghly
resistant to attrition. For exanple, in fluidized bed systens, particularly
fast fluidized bed systems, it is desirable to have hard catal ysts so that
they will not break apart due to forces encountered during operation, thus
shortening useful catalyst life. It is 10 particularly desirable in systens
capabl e of come;mddr]gegmemﬁmaifemem)ve@haﬁl ns to be able to circul ate
cat al yst throughout the catalyst systemfor up to at least 4, 6 or 8

mont hs, per haps | oftgedenediMelstlahievuqeiaShg significant catalyst attrition.

The catal yst of t venti.o e [ 15 In
gne enbodi nent, (téhlf‘f Pﬁgﬁgﬁl ﬁ@}lg‘%gﬁ' {Behags‘flez]\lég g’coé C%%;gf&e Cg@was n%@éﬂ?szoefd
according to ﬁﬁkﬁ\ tthé tatalysfRah@ nlefthds of Mfhg the TaRIARI Thé mék@aip ¥Rk e Ot her
measur enent net hods, since many ot her nethods are not sufficient to neasure

very highly acatal‘wsﬁlaﬁlgnefsqagtlah@rdmh@@ama\fen@p@a\l@lcdmuéarm@ cataliss, a8d t hose

made accordln tot | Sl ven The t hod s..simlar to
t he conventi oﬁ Ps%’ﬁr "i‘rh% &%ﬁ&eﬁ%c’ffﬁ]e assr}éRllggq-ﬁyﬁ Sliﬁqqg? Uy e
resistant to B§t é)dahipw in MARGSsd Hdﬂ%ﬁfﬁt@ﬁlﬁ%alﬁﬁﬁarlﬁﬁktaﬂlﬁdﬁized_EB@ sy¥ims, St igeasur ed
by adding 6.0 0.1 g of catalyst aving a particle size ra@r%%ngfromSSto
125 microns, fesirebls ihhevehasd cetalysts Se;ztttmnth%bwﬂbmm brezls amgprdvkiteréereesy 23, 700

scc/mn of nitro i S bubledthrou %1 i ri ng bubbler to
o af Tyt he. TePRBgEt orn tiaR RhIuR g BT e BRlER M2 Dteri i on
cup, and gxi tﬁarh&\.ﬂaﬂir Hésﬁalbmnaspﬂeﬁﬁuzhgﬁabummbeﬁng@ﬁgaéaatdsb@bletmb be. The

flowing nitrogen renoves the finer particles e larger particles
being ret ai nehle forcirawdate agfalyshirongheuishe pasakystsysies fé’rslérbﬂaﬂfalﬁé%% herfi ne

Frne vart !l cBSpEntthiny Wdebrphd SERat PRk sl it SVt n: hES' b oken

apart throughcagdlydtiof ti§iB invention can meet such rigorous requirements.

15 In one embodiment, the hardened molecular sieve catalyst is characterized
according to an Attrition Rate Index (ARI). The ARI is used over other
measurement methods, since many other methods are not sufficient to measure
very highly attrition resistant molecular sieve catalysts, such as those made
according to this invention.

20

( The ARI methodology is similar to the conventional Davison Index

method. The smaller the AR, the more resistant to attrition; hence, the harder the

catalyst. The ARI is measured by adding 6.0 + 0.1 g of catalyst, having a particle
size ranging from 53 to 125 microns, into a hardened steel attrition cup.

25  Approximately 23,700 scc/min of nitrogen gas is bubbled through a water-
containing bubbler to humidify the nitrogen. The wet nitrogen is passed through
the attrition cup, and exits the attrition apparatus through a porous fiber thimble.
The flowing nitrogen removes the finer particles, with the larger particles being
retained in the cup. The porous fiber thimble separates the fine catalyst particles

30  from the nitrogen that exits through the thimble. The fine particles remaining in

the thimble represent catalyst that has broken apart through attrition.



WO 2004/ 1115942 PCT/ US2004/ 012912 6 The nitrogen fl ow passing through the
attrition cup is maintained for 1 hour. Fines collected in the thinble are
removed fr ﬂ) umtt(, and a new thinble installed. The catal)l{J left in the
attrition unlt I's attrited for an additional 3 hours, undBFTUREM4LKE1Yas
flow and noisture levels. The fines collected in the thinble 5 are
recovered. The collection of fine catalyst particles separated by the
thinble after the first hour are wei ghed The anount in granms of fine
particles divided by the original anount of catalyst charged to the
attrition cup expressed on per hour .basis is the ARI, inw %hr. ARl =
[ (B+O) /D x 1009 o t cup after
the attrition testThégld%ﬁﬂlﬁ?I%?ﬂ%%\ﬁrec hetggfaﬁﬂ{eﬁl(lzg‘?% ﬁ%ﬁtﬁgﬁdﬁlﬁes after
the first hourounf Fates colléoed utttheti:lnm’ehta;e mmdavladﬁodmﬂaatulmnanﬂ anewdimdde i n

hours after the st, hour, att on treat The de nol ecul ar
si eve cat al ysltls%;le‘{ hrbée Faﬁ%]éfﬁtlie% 'h?ﬁé‘m&HmAPéln bsfatHHF f‘ﬁﬁ@ﬁ‘pa{not‘agﬁ’%ﬁut 0.6
wt % hr . Pref gf éﬁ’gt the 6’55 V%@fﬁwﬁ Iﬁattﬁﬁétleaélssmyﬁne@&tema in BasnAbIARI of not

greater than nore preferably not greater than about 0.4
W% hr. 20 Gr¢ neconereéniihdicobertion b fihe citnlyetparteies sdperatat ehethedhindlecul ar

si eve catal yst as_a, particle, e.distribution s t hat .n ter t han
about 10 wt %f@f'qen%“"’t %&F@‘é’tﬂg}%ﬁ%t?}eﬁ @BO‘H&\}%W%Q/@ Sﬁﬁi't’&gg ¥ss than
or equal to Qe Bh? Pﬂ)ﬁ%ﬁ%ﬁ@%a@fy@ﬁchﬁ?&e@%% Mtﬁﬁtﬂtﬁrﬂﬁ}e@é’éﬁ &Pﬁe@h}éﬁﬁ has a

particle size dis uch that not greater than about % of the
cat al yst par thasisesthecdARL anwa¥€hage di aneter | ess than or equal to 20 m

have an average drameter | ess O o GiHarPl & 300 1 1" anof her "enbodi ment,
tHe cat akyst yopppasition is conprised of catalyst

B = weight of catalyst left in the cup after the attrition test; | ‘

C = weight of collected fine catalyst particles after the first hour of attrition

treatment; and

D = duration of treatment int hours after the first hour attrition treatment.

15
The hardened molecular sieve catalyst of this invention has an ARI of not
greater than about 0.6 wt%/hr. Preferably, the hardened molecular sieve catalyst
has an ARI of not greater than about 0.5 wt%/hr, more preferably not greater than
about 0.4 wt%/hr.
’ 20
( In one embodiment of the invention, the hardened molecular sieve catalyst

has a particle size distribution such that not greater than about 10 wt % of the
catalyst particles have an average diameter less than or equal to 20 ym.
Preferably, the hardened molecular sieve catalyst has a particle size distribution
25  such that not greater than about 5 wt % of the catalyst particles have an average
diameter less than or equal to 20 pm; more preferably not greater than about 2 wt

% of the catalyst particles have an average diameter less than or equal to 20 ym.

In another embodiment, the catalyst composition is comprised of catalyst
- 30  particles in which not greater than about 10 wt % of the catalyst particles have an

average diameter greater than or equal to about 250 . Preferably, not greater



30 particles in which not greater than about 10 wt % of the catalyst
particles have an average di aneter greater than or equal to about 250 1n.
Preferably, wii@slLr WO 2904/ 10942 PCT/ US2004/ 012912 7&?@3 Bbout _Swt %
of the catalyst particles have an average di aneter greater 28?’"'23&1& to
about 250 m1 nore preferably not greater than about 2wt % of the catal yst
particles have an average di aneter greater than or equal to 250 m 5 In

anot her enbodi nent of the invention, the hardened nol ecul ar sieve catalyst
particles have a particle size distribution particularly suited for use in
fluidized bed reaction systens. For exanple, in one enbodi nent, the hardened

nol ecul ar  si eywgnGBbal 3%t YhFth@cAabi fahel&i e dh abérh PiliapRtdr Frédfer Fhardsrd 10<50;
30<d50<120; and 50<d90<250, wherein d10 is the average dianeter in which the

10 cunul at i veequil tovebaft 266 eurs angre greferablyewt greate diantabeut Dvede ofdB® i s t he
average dianeter in which the cumulative volume,of the sanple reaches 50 %
of the total, Catglﬁ’at W\QQF H?\Weanaa eelr'a§8 19 'eg?%’lr%#eli t}}a%f %%a‘?ﬁ’e‘ggdﬁm ative

vol une of the sanple reaches 90 % of the total. Preferably, the hardened
nol ecul ar sieve catalyst has a particle size distribution in p.m of

5<dl 0<45; %0<d5o0<1boanaihe enthaiomented thavgrantips, hedruleapd polecuprarsiavel e si ze
distribution in m.of 10<d] 0<40; <d50<10Q: ~.and .90<d90<150. 11| . .Method of
Maki ng t he Ha?ag%lﬁf%t&)%ﬁaﬁ'ﬁv&a %\@68 S]égﬁggg?tnonkm@kéﬁaﬁ&ff&f%dﬁe i . Making 20
The catal yst gfididedDet R¥RMbh @Psthiis. "Bérixambly, @doyerfibédmefi, XidgrdQ@et her .
various virgin catal yst conponents, liquid, and an effective hardening

anount of a wolesdlansice aptakysthas\aagtlapige gistrdutionar 4mseiuRFg10670;s0l i ds and
liquid. The s IS rj o. f.aor ar. d.mol e ar sieve
catal yst. Thes Bty s i, M BBl O B SR SRR 1 Ve
anount that s&gnilhtieavdlline2? ten efeatite 1080 didssond, B, tahe at&dsd i nal

product catalyst (i.e., fornulated nolecular sieve cat%gst). B. Virgin
Cat al yst Conpdisasies mwhishdha gunglativg yolumpef thesaninle graghesatOfaafitheionent s

conprise any .4 dyg 1s the average diameter in which the cumulative volume of the sample
reaches 90 % of the total. Preferably, the hardened molecular sieve catalyst has a
particle size distribution in pm of 5<d;<45; 40<dsu<100; and 70<dyp<200; more
15  preferably, a particle size distribution in pm of 10<d,;<40; 50<ds;<100; and
90<dgp<150. |

1. Method of Making the Hardened Molecular Sieve Catalyst
A. General Method of Making '

20 The catalyst of this invention is manufactured by first mixing together

(\ various virgin catalyst components, liquid, and an effective hardening amount of a |,

dried molecular sieve catalyst to form a slurry of solids and liquid. The slurry is
then dried so as to form a hardened molecular sieve catalyst. The effective
hardening amount of dried molecular catalyst is an amount that significantly

25  enhances the hardness of a calcined final product catalyst (i.¢., formulated

molecular sieve catalyst).

B. Virgin Catalyst Components
According to this invention virgin catalyst components comprise any
30  component materials conventionally used in the manufacture of formulated

molecular sieve catalyst. Such components include molecular sieve, matrix



30 conponent materials conventionally used in the manufacture of formulated
nol ecul ar sieve catal yst. Such conponents include nol ecular sieve, matrix WO
2004/ 105942WTeosa@d04/ 012912 S material (including fill erpdfai©biimdi2and
catal ytically active conponents other than nolecular sieve) and binder. 1.
Mol ecul ar Sieves 5 Any nol ecul ar sieve, which has not been fornulated into a
catal yst conposition, is included as onegof the virgin catalyst conponents
of this invention. Ml ecular sieves have various chem cal, physical, and
framework characteristics, and have been classified by the Structure

Comm ssi on of the Internatlonal Zeolite S ation according.to. the rules
of the | UPAC TaifmrEEngHdipg fl feg masée P@%ﬂ@@sﬁ’éwﬁiw@w@ COMPPRBABFRD: e pe
descri bes the  opRoi.0 ectivity of tetrahedrally coordi nated atons
constituting t mh ragrr%vﬁ%flbgﬁ%? makes an abstraction of the specific
properties for those materials. Framework- type zeolite and zeolite-type

nol ecul ar si eves fol: %‘h .a structure has been established, are assigned a
three letter tode HYeSEribed in the Atlas of 15 Zeol i te Framework
Types, Sthy editiongy, Elnﬁﬂé[d xéxﬁé”ﬁﬁﬁh h%@ﬁ%t%@ 20 ted b GlLatadyst herein fully
i ncorporated by refe ence ysta ne nol ecul ar sieve nat er| s all have a
3- di mensi onal confifmsitiong tninelatietiad sreenefithe klrgmrcataﬂyst eompormntsnsfithishari ng TO4

tetrahedra, where. T i 20 t trahedral i nat ed tion. Mol ecul ar
sieves are typregiony 1@%@8‘3&%&38"?5 af’%lvf‘\’%o‘ﬁfc agpg@mﬁ?l P’i“ﬁlj°fl‘hat defi nes

a pore, wher ecﬂa}fteﬂsﬁgs la3d RARESA ésgfi‘]eﬂ %g?ﬁeésﬁ’ucmr@ & Elﬁ‘igsfsid”'x dftfie 11 ng. QO her

f ramewor k-type charactéristics |nc rrangenent rings that forma
cage, and whdntgmasaal ZedliteAdsormtmnancatingdt drneles, ofammmac SJoauessibrt ween

the cages Bekkum . et al Intr ductjon.25 o Zeolite Science and
Priact i celOSec%%e%é S A W B & R b cpoie e Bfume 137, pages
1-67, Elsevigy ecuﬁﬂg%f,téra){edra bErddtam A}&hg%ﬁm,g tﬁ@%ﬁm&i@%h' mting

exarrpl es of no sieves aré the snm pore nol ecul ar
makes an abstraction of the specific propertles for those matenials. Framework-

type zeolite and zeolite-type molecular sieves for which a stiucture has been
established, are assigned a three letter code and are described in the Atlas of
15  Zeolite Framework Types, Sth edition, Elsevier, London, England (2001), which is

herein fully incorporated by reference.

Crystalline molecular sieve materials all have a 3-dimensional, four-

connected framework structure of corner-sharing TO, tetrahedra, where T is any

20 . tetrahedrally coordinated cation. Molecular sieves are typically described in terms

(_ of the size of the ring that defines a pore, where the size is based on the number of

T atoms in the ring. Other framework-type characteristics include the
arrangenient of rings that form a cage, and when present, the dimension of
channels, and the spaces between the cages. See van Bekkum, et al., Introduction

25  to Zeolite Science and Practice, Second Completely Revised and Expanded
Edition, Volume 137, pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands
(2001).

Non-limiting examples of molecular sieves are the small pore molecular
30 sieves, AEL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHL, DAC,
DDR, EDI, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG,



30 sieves, AEl, AFT, APC, ATN, ATT, ATV, AWN BIK, CAS, CHA, CH, DAC, DDR
EDI, ERI, GOO KFI, LEV, LOv, LTA M, PAU, PH , RHO ROQ WD 2004/105942
PCT/ US2 004/M0Q 204@i5932 9 THO, and substituted fornms thereofpcineegadbum por e
mol ecul ar sieves, AFOQ, AEL, EUO HEU, FER, MEL, MFI, MIW MIT, TON, and
substituted fornms thereof, and the | arge pore nol ecul ar sieves, EMI, FAU,
and substituted fornms thereof. O her noleecul ar sieves include ANA, BEA,

CFl, CLO DON, dS, LTL, 5 MER, MOR, MAW and SOD. Non-limting exanpl es of
preferred nol ecul ar sieves, particularly for converting an oxygenate

FER Q'S LTaE D g gl o lefcar e Shre meelpiaPifves R0O, "ot L rod
enbodi ment, tAEL, BUeHHEAFER eMELOMRAI N T DON)asd subsAfdied fopak ogy or a

CHA t opol ogy, _.or a 1Q conbi nation thereof, npst preferably a CHA topol ogy.
Sl |, med riheHatIaaA S BereorpaISshiEr Sy ey B8 hAM gl fgmiso. a 15

rtng or greattggreggggﬁig?h@é_&&?sie%@%%hé)&NAJB@E DERE Wah, 9ORY B5s SRl oyed

herein have ring structures ‘and an dverage pore sizeé in the
range of f&roMER, MORB; MBKW andlSOB. Mdar-Bmiityy oaldples ditpecfenkd auwllaniasi eves,

preferably silicoal umn osphate nol ecul ar, si eves, have 8- rings and an
aver age pore 3¢Z& Pal"‘é%arfﬁg?ﬁ Cg’b‘(fﬁttm%ﬁ‘, OWﬂatﬁ§°iﬁﬁ“¥%Pe!eéﬂﬁ‘§( B9 from3Ato
about 5A, f0rol@ef&tgpk&zﬁcreomL%m@}zpﬁHA{lE% FADIFER! BI ,@ﬁ,lmﬂ,m} SA to

about 4.2A. 20 Mol‘écul ar si eves used heréin have’ a nol ecul ar framewor k
i ncl udi ng at MFEAOR, MURMBNY, TAMind EONa e dnaprajferredssmigadzments the

| um nophosphat ALPO d typically, includi t [ AL104 d [ PO4
ond 1 S 4]t dheismdty e Beventd 58 AR TensibRRPr S G BRAE Tdheoy . These
siticon, 14l Ur@oﬂ%ati@ﬂdh&_@&?ﬁﬁ@fﬁ%ferilﬁﬁ@@f@k@%% [ si-eves and

met al - cont ai ni ng derivatives thereof have been described in detail in
numer ous publications including for exanple, U S. Patent No. 4,567,029

Cameo e o S i BB B i SR 200,
G, Co, G, Ghgdr@reddr fridiewdi-tydd. Dpicdlly, thenledidiraidveNemployed herein
have 8-, 10- or 12- ring structures and an average pore size in the range of from
15  about 3A to 15 A. More typically, the molecular sieves, preferably
silicoaluminophosphate molecular sieves, have 8- rings and an average pore size
less than about 5A, such as in the range of from 34 to about 5A, for example from

3A to about 4.5A, and particularly from 3.5A to about 4.2A.

20 Molecular sieves used herein have a molecular framework including at
( least [Al1O4] and [PO,] tetrahedral units, such as aluminophosphates (AIPO), and

typically including at least [A10,] and [PO4] and [SiO4] tetrahedral units, such as
silicoaluminophosphates (SAPO). These silicon, aluminum, and phosphorus
based molecular sieves and metal-containing derivatives thereof have been

25  described in detail in numerous publications including for example, U.S. Patent
No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or Co), U.S. Patent No.
4,440,871 (SAPO), European Patent Application EP-A-0 159 624 (ELAPSO
where El 13 As, Be, B, Cr, Co, Ga, Ge, Fe, L1, Mg, Mn, Ti or Zn), U.S. Patent No.
4,554,143 (FeAPQ), U.S. Patents No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO),

30  EP-A-0158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0 161 489
(CoAPSO), EP-A-0 158 976 (ELAPO, ﬁrhere EL is Co, Fe, Mg, Mn, Ti or Zn),



4,554,143 (FeAPO, U.S. Patents No. 4,822,478, 4,683,217, 4,744,885
(FeAPSO), 30 EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0

161 489 (ComBS@y10B2A-0 15S 976 (ELAPO, where EL is Co, FeetMizooMiizefd OF
Zn), WO 2004/ 105942 PCT/ US20041012912 10 U.S. Patent No. 4,310, 440 (ALP04),

EP- A-0 158 350 (SENAPSO), U.S. Patent No 4,973,460 (Li APSO, U.S. Patent
No. 4,789,535 (Li APO, U. S. Patent No. 1%92, 250 (GeAPSO, U.S. Patent No.
4,888,167 (&APO), U S. Patent No. 5,057,295 (BAPSO, U.S. Patent No.
4,738,837 (CrAPSO), U. S. Patents Nos. 5 4,759,919, and 4,851, 106 (CrAPO),

U S. Patents Nos. 4,758,419, 4,882,038, 5 434,326 and 5, 478, 787 ( MJAPSO),
U.S. Patent NoU.S: Fatent Negd3t8ApQYAIRDS EP-PafédAt 360 (SENSPSO1Y.S ReRE0), U. S.

1,755, 033 (1oASE /80 st O MRS B G OB s aeitieeg

Pat ent No. 73?9@5308@@&?@@),051 PatedtNEA, 838, 190G FHO 1T PSR ARD) U S-
Pat ents Nos. 4, 801, 30 684,617 and 4,880,520 (Ti APSO U S. Patents Nos.

4,500, 651, 4, 55052385 élﬁﬁPSOadsSm@tem(NoA@@S 517 @rArPaiitCBnUSS Rlgtents Mosj, 554,

4,744, 970 CoA S. 06, (AR 937
(QAPSO V\:h %%%9#; 1efb>t§ (EPAP ﬁﬁ U?E%‘EHSS’@} \?g ﬁ%gsﬁﬁgéag at ent s
Nos. 4,567, 0295 434, 98@@@34?@;3@@%}@5%m%m&ﬁma&msm @),858. 197,
4,917,876, 4,952,384 956, 164 956, 165, 4,973, 785 5 093, 5, 493, 066

and 5, 675, 050, Paient Ng. %ﬁﬁ%@ﬁa@é%@@aﬁ&mateytNﬁcﬁPﬂ)M% é@s@oi,rtéserence
Oh | | t k of
50 Mol sou o SuBEXEY 4 BRLHOE LRSI RS QP SREY SerutRIBE oni ch

i s herein f uls 943, ocpﬁrpm ase%bwﬁgi)enem& PattheENGDS @3B 84 @é&plstnplwsul ar
@ves are SAPO nol ecul ar si eves net al - substi tuted SAPO nol ecul ar
Si

ves. SuPt adfatentda . %@b?@l@ﬁéﬁ@ Hr% Patepts Nos. 2804808 466468 8ap 1 A of the
per i odi ¢ Tabl o1 G EFEAP SO0 sZp iR o 300 o3F, A58 Bhe 485 01 i'ng
t he Lant hani dgTiAP@ntth&nPatents &o. 14;8;24;56&5&,644',917@1(@0%%)4@ 8nPatent 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,
15 4,801,364, 4,853,197, 4,917,876, 4,952,384, 4,956,164, 4,956,165, 4,573,785,
5,241,093, 5,493,066 and 5,675,050, all of which are heremn fully incorporated by

reference.

Other molecular sieves include those described in R. Szostak, Handbook of
20  Molecular Sieves, Van Nostrand Reinhold, New York, New York (1992), which is
C herein fully incorporated by reference.

The more preferred molecular sieves are SAPQO molecular sieves, and
metal-substituted SAPO molecular sieves. Suitable metal substituents are alkali
25  metals of Group IA of the Periodic Table of Elements, an alkaline earth metals of
Group I1A of the Periodic Table of Elements, a rare earth metals of Group IIIB,
including the Lanthanides: lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,
thulium, ytterbiwm and lutetium; and scandium or yttrium of the Periodic Table of
30  Elements, transition metals of Groups IVB, VB, VIB, VIIB, VIIIB, and IB of the A

Periodic Table of Elements and mixtures of any of these metal species. In one



samari um europium gadolinium terbium dysprosium holmum erbium
thulium ytterbiumand lutetium and scandiumor yttrium of the Periodic
Tabl e of 30 vihoiwfeSeg2t ransition metals of G oups |VB, VB, \@.II;% 2}{{%‘3 111B,
and 1B of the Periodic Table of Elements and mixtures of any ot 18U et al
species. In one WO 2004/105942 PCT/US2004/012912 11 enbodi ment, the netal
is selected fromthe group consisting of Co, C, Cu, Fe, GGa, Ge, My, M,
Ni, Sn, Ti, Zn and Zr, and mixtures therebf. The netal atoms may be
inserted into t he frarrework of a nol ecul ar sieve through a tetrahedral

unit, such as [MeQ2], and carry a net charge dependi ng on the val ence state
of the 5 net aleniddsmeity eRtmethlos s€xaspiom ﬂ1acm1@®ﬁ§1@tﬂ1hg@1r¢o, Mhen, Fye net al
substituent has a val ence state of +2 +4, +5, or +6, the net charge of
t he tetrahedr &2 & Mg Mot waeh Zp aaﬁimar@d mixtgeretheeb dT hemetal eiog1snol ecul ar

eV S e S s G B B olnor s MAIEALE Yoo EBhLPDRSRBRYE. | ©
represent ed by irica ormula, on an r ous SIS

R (M, Al yP2) @ait, warael[MeBz] eﬁﬂemhaeathat@aﬁpemnﬁgbﬁml adlérieg sageof the
preferably an organic, tenplating agent; mis, the nunber of noles of R per
mol e of (M, Amggial) sebstgﬁalthfsemla Ivézrlaémﬂméwmt%hep the mefad suptiuast t o 0. 5,
and nost pref 0.3; ction
of Al, P and g}ﬁggb ]e%lr aﬂhtgrogﬁ—zb;?J£+s re-'F %&ltgﬁg{grgr%?ﬂ{etg& tt 1 nﬁ%m one
of Goup |IA bk#yechB? ahdlkB, VB, VB, VIB, VIIB, WVIIIB and Lant hanl de's of
the Periodic Table of Elenents. Preferably Mis selected from'one of the
group consisting of Si, Co, C, Cu, Fe, Ga, Ge, My, M, 20 Ni, Sn, Ti, Zn
and Zr. In an e”boqh'aﬁgremeﬁ'lrﬂeﬁt Qlﬁ@ﬁ%f‘c%ufa'f'@a@v@ras ngﬁi&eﬁ%&aﬁ P{h‘éﬁﬁs y and
z are greater than or equa I'n anot'hér e i ment |s greater
than 0.1 1® alﬁ‘atmntsteMcmeqlabca\teers rbimsmﬁedwaiacamplﬂceﬂﬁbmwla oniam t he range of

from0.4 "to 0.5,. an is in the range of fromO0.25 to 0.5, nore preferably
mis from 0. 180B¥iroE SlsxlsfromOOltoOZ y is from0.4 to 0.5, and z
is from0.3 to 0.5. 25 mR:(MALP,)O;

wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moies of R per mole of (M;AlLP;)0; and m

15  has a value from O to 1, preferably O to 0.5, and most preferably from 0 to 0.3; x,
y, and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M
is a metal selected from one of Group 1A, I1A, 1B, IIIB, IVB, VB, VIB, VIIB,
VIIIB and Lanthanide's of the Periodic Table of Elements. Preferably M is
selected from one of the group consisting of Si, Co, Cr, Cu, Fe, Ga, Ge, Mg, Mn,

20  Ni, Sn, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x,
y and z are greater than or equal to 0.01. In another embodiment, m is greater
than 0.1 to about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4
to 0.5, and z is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to
0.7, x is from 0.01 to 0.2, y is from 0.4 to 0.5, and z 1s from 0.3 to 0.5.

25

Where the molecular sieve is a silicoaluminophosphate or metal-

containing silicoaluminophosphate, the SAPO typically has a Si/Al ratio less than
0.65, such as less than 0.40, for example less than (.32, and particularly less than
0.20. In one embodiment the molecular sieve has a Si/Al ratio in the range of

30  from about 0.65 to about 0.10, such as from about 0.40 to about 0.10, for example
from about 0.32 to about 0.10, and particularly from about 0.32 to about 0.15.



Where the nol ecul ar sieve is a silicoal um nophosphate or netal - contai ning
sili coal um nophosphate, the SAPO typically has a Si/A ratio |l ess than

0. 65, such ‘86228@43,3,5“3% 0.40, for example |less than 0. 32, ﬁgflfgg?'&}'}"f%ﬁ‘” y
. 20. i

| ess than I n one enbodi nent the nol ecul ar sieve has Toin
the range of 30 from about 0.65 to about 0.10, such as from about 0.40 to
about 0.10, for exanple from about 0.32.to about 0.10, and particularly
fromabout 0.32 to about 0.15. WD 2004/ 105942 PCT/US2110 4/0 1 2 91 2 12
Non-limting exanples of SAPO and A1PO nol ecul ar sieves useful herein are
selected fromthe group consisting of SAPO- 5, SAPO 8, SAPO 11, SAPO 16,
SAPO- 17, SAPO-1 SNosARmitig, exgmplysf SASKPabAPGErpizr searougEll hegARO- 37,

SAPO- 40, SAPQO-41 PO-42.  SAPO- 44,. SAP 6 PO 3, 11,
AIPO 1 8, Alﬁﬁ%ie,cfcéﬁf%@ﬁ REB&’%%?““&PE@?'%@%BA%,?A@Elgl’ SplELn ng
nol ecul ar si gue®-1 NS APO,1528APT-20,8£B01NeR8PD-34)ISAPBS, SAP@-té6,cul arly
useful nol ecul ar sieves are selected fromthe group consisting of SAPO 18,
SAPO 34, SAPBARE-3BARFQA0, éAﬁ@-se,SﬂW1§APth£%P,Oﬁ€t S8APCGEYMt ai ni ng

deri vati ves fos \ r.e re r e t nol ecul ar
si eves ari sé@@%ﬁé@@gﬁf g%%éérgb%bﬁ@%rlls‘g{s%q'%’ o&i@ﬁ? ’gﬁlg(l’)géﬂ
ALPO 34, AlP@ets comeinhg @0ldcalan sizgetBetew filah¥ @fxiufey thereof. aDE ¥kt Ur €s

thereof, and nost preferably selected fromthe group consisting of SAPO 34,
Al PO- 18, nepaticelarly apefithgolisnlay siey ¢eye selestad froghide mraanesistingpbof . 15 In

one_embodi meglpy Gl 3552 8YSs Lifoan bRLELEE bl MBUGHEAL, hayling L wo

or nore distrnct cr’ys]% a(ﬁl'i he phasé? vmld' %hi hone nﬁ%acul ar " si Qve co\r(rposi tion.

I n particul agonthiningrderiowtivesithéreof)hnd nixameshaesf. ddetiprbReabinttld S. Pat ent
Application Publication No. 2002-0165089 and International Publication No.
WO 98/ 18406meiasiias figdesnse seleqtsd fpyothe SERMICAISISHAE eRSAPE- RBrSARD B | v

an A8 f ancan Ry Al I8 RERL AR iy Rl an TG dGOE TS PV
nmol ecul ar sﬁxﬁknﬁostq&ef’cmbmiemedmyfromrthe gs@pabndisthst of B8P Ortd AGPOVIESh phase of

AEI d CHA f r k-types,. iall th ti f CHA
fr an:\?\nr k-t ylagtra gg‘q\&\\%%ll%g cYe%%saﬁveesstggr%IO andy m},)\ptgrrese therti'eof.r atto o

15 In one embodiment, the molecular sieve is an intergrowth material having
two or more distinct crystalline phases within one molecular sieve composition.
In particular, intergrowth molecular sieves are described in U.S. Patent
Application Publication No. 2002-0165089 and International Publication No. WO
08/15496 publishéd April 16, 1998, both of which are herein fully incorporated by

20  reference. For example, SAPO-18, AIPO-18 and RUW-18 have an AEI

( framework-type, aﬁd SAPO-34 has a CHA framework-type. Thus the molecular

sieve used herein may comprise at least one intergrowth phase of AEI and CHA
framework-types, especially where the ratio of CHA framework-type to AEI
framework-type, as detenmined by the DIFFaX method disclosed in U.S. Patent

25  Application Publication No. 2002-0165089, 1s greater than 1:1.

2. Matrix Materials
. Matnx matenials are optienally included in the slurry used to make the
hardened molecular sieve catalyst of this invention. Such materials are typically
30 effective as thermal sinks assisting m shielding heat from the catalyst

composition, for example, during regeneration. They can further act to densify the



framewor k-type, as determ ned by the DI FFaX net hod disclosed in U S. Patent
25 Application Publication No. 2002-0165089, is greater than 1:1. 2. I\/atrix
Mat eri al s i kgphi al s are optionally included in the )

make t he ﬁ?géﬁgﬂ%nﬁzecul ar sieve catalyst of this invent ﬁoﬁlﬂ%"wﬁ'ﬁ 912°
materials are typically 30 effective as thermal sinks assisting in

shi el ding heat fromthe catal yst conposition, for exanple, during
regeneration. They can further act to denl;fffy t he WD 2004/ 105942

PCT/ US2004/ 012912 13 catal yst conposition, increase catalyst strength such
as crush strength and attrition resistance and to control the rate of
conver si on i n catdbyt tb@Pbdtion iRGEES calddRt strdn@t dudl a8 ¥ARRb@enAh aR@bthiition
materials include one or nore of rare earth netals, netal oxides including
titania, zircdesistaneesanblsintrohibeirate ofspRyersian Mapdrtioulaspriopess. dfons sots, and
mxtures ther qolib UaBNRURH Gl b EATHIEH the HhiEATELECAM Bersl) | o2
titania, silica- aPmnaa SiI'"ca- al um na- mat ri x

material s ar e mi@iiddesdhelyding Sitetia, adrcbhiogaagimesin thokie, feryilib] @fref silica or
nontnorillonite and kaolin. These natural .¢clays incl ude kaolins . 10 known
as, for exanpisels, sroamixtugs dpsnead; fOREXMPPLE, Sinch- ﬁaé?‘?séﬁas’éllcé?gcowﬂllqam ting

exarrpl es of Ottll?zﬁ{xa rgﬁﬁéac%uﬂ{ﬁfa%lﬁ!d@h&aLMfﬁQQhoﬁ@l | oysite , kaolinite, dickite,

nacrite, or anauxite he matrix material, preferably any of the
clays, are calcined, acid treated, and/or chem cal treated before bei ng

used as a slurry onponent .. Under the optional cal CI nation treatnent, the
matrix nmaterial wil CLPWE? FPpodimenk HE MAeds FengiumalFayar 7gh a34hqse dighhs t he

meterial has Rl rhegd ALEMARRINHOEH Idhnd THRAkSL HBFIMERLE Rorid 2

particul ar enbodi nent, e matrix materiral is a clay or acay type
conposi ti dh, hneWeraatfbye*amqﬂe,y)me, Mayarhaep Seoxgnpasi Flonda blays. ngToa- | ow iron or
20 titaniumc ntent

r ef er abl the mat erj al gl in.
Kaol i n has be H"’f‘%ﬁ’&a"? % %‘S%P TRy Bt alﬁf‘ﬁﬂfdt&o\l“i)ﬁl?y@é?\t lé%ﬂ‘mgF la]V ©it has
a low fresh sufiacs akBate. @ﬁ:dnhupafﬁgﬁlahegﬂaﬁem 9?§Eﬂaﬁly%'ﬁ‘r dtnd LigyP! at el et
structure. Preferably, the matrix material, particularl’y ¢lay, and
pref erably kaeteiqalcifss acid treated, and/or chemical treated before being used as a slurry
component. Under the optional calcination treatment, the matrix material will still
15  be considered virgin material as long as the material has not been previously used

in a catalyst formulation.

In a particular embodiment, the matrix material is a clay or a clay-type
composition, preferably a clay or clay-type composition having a low iron or
20  titanium content, and most preferably the matrix material is kaolin. Kaolin has
( _ been found to form a pumpable, high solid content shurry; it has a low fresh
surface area, and it packs together easily due to its platelet structure.
Preferably, the matrix material, particularly clay, and preferably kaolin, has an
average particle size of from about 0.05 ym to about 0.75 pm; more preferably
25  from about 0.1 pym to about 0.6 ym. It is also desirable that the matrix material

have a dg particle size distribution of less than about 1.5 um, preferably less than

about 1 um.
3. Binders
30 Binders are optionally included in the slurry used to make the hardened

molecular sieve catalyst of this invention. Such matenals act like glue, binding



average particle size of fromabout 0.05 mto about 0.75 m nore preferably
25 fromabout 0.1 mto about 0.6 m It is also desirable that the mat ri x

material  havgdid@dsparticle size distribution of less thagy Bmt'n?um
preferably less than about 1 p.m 3. Binders 30 Binders are op

included in the slurry used to nake the hardened nolecul ar sieve cat aI yst
of this invention. Such materials act I|i ke gl ue, binding WO 2004/ 1059-12
PCT/ US2004/ 012912 14 toget her the nol eclifar sieve and other materials, to
forma fornul ated catal yst conposition. Non-limting exanples of bi nders

i nclude various types of inorganic oxide sols such as hydrated al um nas,
silicas, and/ togetitehére mnlsrgansievaaiddeheahsteridls, todoen efuodilatedca@lyst he

i nvention, the binder is an. a .um na- cont ai.ni.n 5 preferably al um nium
chl or ohydr at e SOTPHIAR A Pﬂé’m‘ ing ﬁ%a‘?ﬁS? @gwf‘ﬂergﬂcg‘édes\tﬂnouﬁ 3683%?%% into
an inorgani ¢ gyiddeoRBhLER &W@&‘ﬁlﬁmn%kﬂn@aﬁ gud8F bingy n%féa)‘uc &libessl Ve in
formi ng a hardened nol ecul ar sieve catal yst conposition.” For exanple, an

al um na sol wohé esbodigrent ofthemsahtion.themodgi iden ahiming- cbnta[mngn@i heat

t r eat ment 10 Al m chl or at ed al um ni ased so
containing aP ?L}B IP’ mewaﬂtéﬁ@/@w%ﬂit @pﬁﬁgﬁﬁlr‘és Ilﬁ%ﬁﬁ%ﬁrﬂxlb % d?ﬁydrzll
has the generétlmvefrtgd wb%ﬂd@ﬁ%&ﬁ%@fﬁh@%poﬂdﬂ?rﬁmeh iparcdladip 20, nis 1

to 8, ois 5t pis and xis O to . I'n one enbodlnent t he

bi nder is 15 ﬂm@dqmm 7 haydepd) makeciler siegwedtidyst domp@sitionp[FRoer i an, et
al ., Stud. Surf 05-144 Ise i.er., .. Anst

1993, “whi ch | SRR ARRESABOFHl Sl R el BRBL pds TATE O URBER RNt one

or nore bindeggtmest, present in conbination with one or nor e ot her
nofi-1imting exanples of alumina materials such as al um ni um oxyhydr oxi de,
y-al um nd0 boehmi te and tran5| tional 20 al um nas such as a-al um na,

0-al um na, -y-alum, Iﬂ_gm_n suc &%rab% lwgrggﬂatéc? altu%hlli'munngaseg 8 lc%n"t'lau m na,

al um ni um tri hydr oX as gl
a chloride counter ion, also known as aluminium chlorohydrol, has the general

formula AlnOn(OH)Cly*x(H,0), whereinm is 1 to 20, nislto 8 0is5t040,pis
2 to 15, and x 15 O to 30. In one embodiment, the binder is

15  Alj304(0OH)»4Cly+12(H;0) as is described in GM. Wdltemlan, et al., Stud. Surf.
Sci. and Catal., 76, pages 105-144, Elsevier, Antsterdam, 1993, which is herein
incorporated by reference. In another embodiment, olne or more binders are
present in combination with one or more other non-litltiting examples of alumina
materials such as aluminium oxyhydroxide, y-alumina, boehmite and transitional

20 aluminas such as c-alumina, S-alumina, y-alumina, é-alumina, ¢-alumina, k-

(- alumina, and p-alumina, aluminium trihydroxide, such as gibbsite, bayerite,

nordstrandite, doyelite, and mixtures thereof.

In another embodiment, the binders are alumina sols, predominantly
25  comprising aluminium oxide, optionally including silicon. In yet ancther
embodiment, the binders are peptised alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably a non-halogen acid, to prepare
sols or aluminium icn solutions. Non-limiting examples of commercially
available colloidal alumina sols include Nalco 8676 available from Nalco
30  Chemical Co., Naperville, Illinois, and Nyacol AL20DW available from the

Nyacol Nano Technology Inc., Boston, Massachusetts.



nordstrandite, doyelite, and m xtures thereof. |In another enbodi nent, the

bi nders are alum na sols, predomnantly 25 conprising alum ni um oxi de,
optional ly iweladigepi | icon. In yet another enbodinent, tp@T)i’JiS%}ngﬁp ofy €
pepti sed alum na nmade by treating alum na hydrates such as pseudobonénite,
with an acid, preferably a non-hal ogen acid, to prepare sols or alum nium
ion solutions. Non-limting exanpl es of c'ﬂmerci ally available coll oidal

al um na sols include Nalco 8676 avail abl e*from Nal co 30 Chem cal Co.,
Naperville, Illinois, and Nyacol AL20DW avail able fromthe Nyacol Nano
Technol ogy Inc., Boston, Massachusetts. WO 2004/105942 PCT/ US2004/012912 15
In one enbodi ment, Inwaeweibgdimendsthe weight naticfribebinder tottke molesalar sievsieve i s

in the range of .fromabout 0,1 t . B, such as.in the ran of fromO0.1 to
| ess than 0. 80 GARRESEEI pRut (L% 03, SRGs B pintare 415918 Dalgte 1EbORR ent |y
fromO0.12 to edqut ckdnfple irf he kel ffoh® 0019 1d 8.480cdrResichi rofh 422 téand
particularly in the range of 5 fromO0.15 to.about 0.4. |'n another

embodi ment , ~ t hbowid)-4hitypisalivofrem & hitogessthen P45, andepantitudaiy wrtherange of s i n t he

range of fromg0.1 45 . sugch as .in the ra of. . from ut. Q.12 to |l ess
Chan o a0, 5 oo Bsite it 8 Flbhes rpBEinl A0 8 higgl iRP ARYbmden
conveni ently ifhe inbRchiRRGIRvOLs ih ¥ Rallg@ol Bo@OLIL to®.85, siéh WigrBe thge oot al yst

conposition contains a binder and a nmatrix material, the wei %ht rati o of
t he bi nder t o fomeabaut 0i1e trdessthas 046 fpyprasanle ip the sange.of dromp 041550 abawich as

from1l:10 to L4, tigulkanl olp cL: ; The amount of binder is
typically f ro#’%b%‘?]‘?g‘?@o%‘fhﬁgFS{]}&e)ff“{oéeacho%?n?35"%"3)39§%9'§g1'm , such as from about
5% by wei ght to about 20% by wei ght, and particularly from about 7% by

we{'ght 15 to about 15% by weight, based on the total weight of the binder,
the mol ecl®ar si ey¥heradhasatalyst cpapepitign coptping admyies And adparix matertalni gher

si eve cont ent ﬂ?e’\geigﬁé’ﬁﬁo To?ﬁ{erﬂiédé%%‘&%%aﬁ’i%ﬁﬁﬁms {)@ AW/ R LA §leye
catal yst conpositi&n perfornance, ereas a lower “sieve content and hi gher
mat ri x cont ensudhngarfoared : tthte lad tantd tpaaicularBsirahdnc® bf. The amommost Bihdst .is 20

typically from about 2% by weight to about 30% by weight, such as from: about

5% by weight to about 20% by weight, and particularly from about 7% by weight

15 to about 15% by weight, based on the total weight of the binder, the molecular
sieye and matrix material. It has been found that a higher sieve content and lower
matrix content increases the molecular sieve catalyst composition performance,

whereas a lower sieve content and higher matrix content improves the attrition

resistance of the composition.

20
( In general, the amount of binder and/or matrix material is such that the
formulated molecular sieve catalyst composition contains from about 1% to about
99%, such as from about 10 % to about 90%, such as from about 10% to about
80%, for example from about 20% to about 70%, and conveniently from about
25  25% to about 60% by weight of the molecular sieve based on the total weight of

the molecular sieve catalyst composition.

C. Dried Molecular Sieve Catalyst Component
The dried molecular sieve catalyst component is made using the same
30  virgin catalyst components described above (i.e., molecular sieve, and optionally

matrix material and binder), and can be prepared according to conventional



I n general, the anobunt of binder and/or matrix material is such that the
formul at ed nol ecul ar sieve catal yst conposition contains fromabout 1%to
about  99% wochiamségpom about 10 % to about 90% such as fpefyaRpYhIbPPoto
about 80% for exanple from about 20%to about 70% and conveniently from
about 25 25%to about 60% by wei ght of the nol ecul ar sieve based on the
total weight of the nolecular sieve cat allgst conposition. C. Dried

Mol ecul ar Si eve Catal yst Conponent The driéd nol ecul ar sieve catal yst
conponent is nmade using the same 30 virgin catal yst conponents descri bed
above (i.e., nolecular sieve, and optionally matrix material and binder),
and can be pr emwatheds.aEenddmme, moleatsraimvicoertiongldy boglsr awBoumatrix material,

PCT/ US2004/ 012912 . 16 net hods, . For _ex | | ecul ar _si.eye,. konal |y

bi nder and/ or ?’Fﬁtn?lﬁés‘r% earhli(i)%llPC,1 to gjrné‘a qﬁ‘&ﬁe&%}e{nﬁu?ﬁ %ﬁ?gni%qlgﬁ%tbz}'&’ urry.
The slurry is $henddingto fared ehebhysidilar Sipveyaralyit Mnce thefdiadmoldiiad

nol ecul ar sieve catalyst. Since, the dried nolecular sieve catalyst has not

been cal ci ned Beverstalysthagngt hasheelcored o gerssis any geachion perceps s natbéanat ed,
and i s consi der Vi gl i . T i ed I I AL t.is
t hen used gs aacglg?tg?ys dnié gg rr%%&ﬁéergill wt%’ ﬁ%@%{ihgﬁg gr gﬁ@ ecr%r][l)%esgeﬁ’ I%%%%Qé 2%

catal yst conphen hiednasaf caidlyst comtipenért @ formitis hatdegedinobdulip ko Lanlysi eve
catal yst contains any one or nore of the nol ecul ar. sieves descri bed above,
and opti onal | ycoRmpsisiea ofghisipyeatign. Thes, i dricd meleenlpnsievasaiglyst contasr s
descri bed aboyv, I I I i I: ar

si eve catalysf&yéégﬁkﬁg%%gg?ﬁgh§$?@%r%%ﬁ%gﬁ$§¢3§f§€g£gg?gégégﬂ$§$§%ﬁéidered
a dried bi nderdrasare of senyaix martekand/or Bindec alesdrtheds®dvé.n naki ng t he
hﬁgdened catal yst composition of this invention. |If binder is used, the
ambunt of 18i nder used to prepare the dried 15 nol ecul ar sieve catal yst

conponent ranges frl@tig}]rg}ggl}%%é:d%g%/- ‘gﬁgnl%{ﬂ%t}}e%ﬂ%ﬁ%lecﬁgrwﬁ@é MBIt . based on

the total weight of , cular sieve, and optionally
i ncl uded nat r icompahent] te, driedaheidéulgr sidve datayst b donseleredad dréxd ingérteg) .
Preferably the appunt of binder used tdo. pr parehthe dri ed | ecul ar . si eve
cat al yst catalyst component, and can be used in making the hardened catalyst composition
of this invention. If binder is used, the amount of binder used to prepare the dried
15  molecular sieve catalyst component ranges from about 2% by weight to about
30% by weight, based on the total weight of the binder, the molecular sieve, and
optionally included matrix material, excluding the liquid (i.e., after drying).
Preferably the amount of binder used to prepare the dried molecular sieve catalyst
ranges from about 5% by weight to about 20% by weight, more preferably from
‘ 20  about 7% by weight to about 15% by weight, based on the total weight of the
( binder, the molecular sieve, and optionally included matrix material, excluding the

hquid (i.e., after drying).

In one embodiment, the slhurry used to make the dried molecular sieve

25  catalyst component contains binder and matrix material at a weight ratio of from
0:1 to 1:1. Preferably, the slurry used to make the dried molecular sieve catalyst
component contains binder and matrix material at a weight ratio of from 1:15 to
1:2, more preferably 1:10 to 1:2, and most preferébly 1.6 to 1:1.

30 The liquid used to form the dried molecular sieve catalyst component can

be any liquid conﬁentionally used in formulating molecular sieve catalysts. Non-



ranges from about 5% by wei ght to about 20% by wei ght, nore preferably from
20 about 7% by wei ght to about 15% by wei ght, based on the total weight of

t he bi nder wo b@snosésagul ar sieve, and optionally included i iL,al ,
excluding the liquid (i.e., after drying). In one enbodi mrﬁj?h%&ﬁ]{éﬁgﬁﬁrzry
used to nmake the dried nol ecul ar sieve 25 catal yst conponent contains binder
and matrix material at a weight ratio of f,}'om 0:1to 1:1. Preferably, the
slurry used to make the dried nol ecul ar si’eve cat al yst conponent contains
bi nder and matrix nmaterial at a weight ratio of from1l:15 to 1:2, nore
preferably 1:10 to 1:2, and nost preferably 1:6 to 1:1. 30 The |iquid used
to formthe diimdngroxanepicse! siieble lvnidd ipgudewaigontoshok &atonbe aldehyddsqui d

conventional ly used in formil atin cul ar_sieve. catal ysts. Non WO

30041 10504 PEPRETT AR IR Il e BT s U 2 e 11w ds

i ncl ude water, alcohol, ketones, aldehydes, esters, or a conbination
thereof. Water is a preferred |liquid. The nol ecul ar sjeve, and the optional
matri x material andhsmdsqdarsievesagd ths opHoned Riatax materigl pr@obindery vied
conponent y:b I i N r. difife t. iquid. Such.conponents
oy be- corr nbtTPETe e Sk frcbiyS SRR ity O Elitined it S PBFALERIRTTEN
or a conbi nat iigaid! 1Sackebmpbilerds Plagbecobince iback sraet, il fepesare | i quid,
preferably water, is used. C 10 In one enbodinent, a. slurry of the

nol ecul ar si esiEIultaRRPUSHE sesvantigihaen compaatien tieseofmine? Prafered s i xed or

mlled to achj . [ LY, < riil,elies. The slurry is then fed
to a formng hlﬁ?‘?dlﬁ?gp’ ﬂ%?%%%%é“@h%rg%ﬂ e Wa{r%gll%ag%dar si eve catal yst ,
conposition. The form ng unit may be any conventional wunit, such as a spray
dryer, pelletizer,_extruder, granulator, etc., In a preferred 15 enbodi nent,

the formHy unit |5 <greaybesdient, aslmmcef thgmolscalar sieks.fnd aptionaldingesi nt ai ned

a2, Lemper al il kA, {9nb 8B Bifkd BlaOkElYa BhisbhE shiicdubr om the

slurry. When a spray dryer is use ormng (or dryi unit,
typical ly, thearti@6s.sThe slyrrefis tHee fadbtcecitnaingsursvhat poduwamsthodiddd mat ri x
materi al and/or_ binder, is co-fed . : : )
molecular sieve catalyst composition. The forming unit may be any conventional
unit, such as a spray dryer, pelietizer, extruder, granulator, etc. In a preferred
15  embodiment, the forming unit is spray dryer. Typically, the forming unit is

maintained at a temperature sufficient to remove a majority of the liquid from the

slurry.

When a spray dryer is used as the forming (or drying) unit, rypically, the
‘ 20  sturry of the molecular sieve, and optional matrix material and/or binder, is co-fed
L to the spray drying volume with a drying gas. Conventional drymg conditions can
be used. Such conditions include an average inlet temperature ranging from about
150°C to about 550°C, and an average outlet temperature ranging from about

100°C to about 250°C.

During spray drying, the slurry is passed through a nozzle distributing the
slurry info small droplets, resembling an acrosol spray, into a drying chamber.
Atomization is achieved by forcing the slurry through a single nozzle or multiple
nozzles with a pressure drop in the range of from about 100 psia to about 1,000

30  psia (about 690 kPaa to about 6,895 kPaa). In another embodiment, the slurry is



to the spray drying volume with a drying gas. Conventional drying conditions
can be used. Such conditions include an average inlet tenperature ranging

from about wipQtesedPout 550C, and an average outlet tenp rangi ng
from about 100% to g%out 250C. 25 During spray drying, th?@{’lkgzﬁ ""%"q‘ﬁassed

through a nozzle distributing the slurry into small droplets, resenbling an
aerosol spray, into a drying chanber. Atom zation is achieved by forcing
the slurry through a single nozzle or nulliple nozzles with a pressure drop
in the range of from about 100 psia to about 1,000 30 psia (about 690 kPaa
to about 6,895 kPaa). In another enbodinent, the slurry is WD 20041105942
ACT/ t 7S2004/ 134-Z2&i1tAroub8 acingdledotdi orghltiplshorgled aharzvith an atahizatpdreflmdz z1 es
along with an atom _zation*éll*uid such as air, steam flue gas, or any other
sui t abl e gas. SYCh 35 @it SiFHR e%ﬂ%mg?rsﬂlﬁ%b@lgaﬁ-ry that is used to make the
dried 5 catal yst conponent is directed to the perineter of a spinning wheel
that distributes the slurry into snall droplets. The size of the droplets
is controlled by oheyarmnother enbaditnens thendinumylitrag 1sshsed ty maks desdiied,  sur f ace
tension, flowrate, pressure,. and  t erature.of the slurry; the _shape and
di mensi on2of %3 yﬂ(ﬁ’?%pé’(l-%r)t;ls giregigrbto ‘Eg}gﬁ‘ﬁ’i‘lﬁ'ﬁr Pg'f‘ép‘H‘Pmtg%h%iﬁ?F disirphudes
droplets are &Beirfl/ @kl AropRIE UIEhie Hthd i EMNLmEUIERBY ohb g of air
passi ng through a spray dryer'to forma partially, substantfally or totally
dri ed nol ecul moresfactors maludingssiurgpwisossity) smfacArensioanflbe refe, presaweaadt i onal
spray drying process is described in U S..Pat. No.. 4, 94 14,  which is

i ncor por at ed fBIPES rﬁf%p@fsi}i‘r@hé ‘?Stia?elgﬂgdﬁﬁ?rﬁb%%ﬁh? “?‘Fﬁqé(g}l’r?\?él?ﬁi on, dried
means t hat t?k%ilﬂiifft‘fk{t@o%é%ﬁe@l.fﬂ{é&k dfdi')@etéjﬁﬂeQHerF&li&Pk'ﬂ@éo-&hﬁé’rﬁ opatal yst has
bqlen heated in a drying or form ng unit, but thas not been cal cined.

Cal ci ned 1€at atopstes-carrentfftywrefiain passingthvaigbiarsprayodrypr todess a patdiycal ci nat i on

PRGN R RN T SR
from the nol ecednentidiRY Spre P BRAAE Plocefis Befkyibed HEUS. Pat. N RI6, gheconposi ti on
which is incorporated herein by reference.
15 For purposes of this invention, dried meaxi‘ls that the mixture used to form
the dried molecular sieve catalyst has been heateél in a drying or forming unit, but
has not been calcined. Calcined catalysts are formed using a calcination process.
The calcination process is considered a combustign process that takes place at a
higher temperature than that of a drying process té) combust or remove template
20  from the molecuiar sieve component, or a pyrolys:is or thermal decomposition

- process where the template molecules are disinteg'rated mto volatile compounds.

t
I

Dried also means that at least a portion of the liquid used during the
manufacture of the dried molecular sieve catalyst ﬁlas been removed. The process
25  of manufacturing the dried molecular sieve proce#s 15 generally referred to as
catalyst formulation, with the dried catalyst generally being referred to as
formulated catalyst. The dried molecular sieve catalyst component optionally

contains structure directing molecules (1.e., templates).

30 In an embodiment of the invention, the dried molecular sieve catalyst

component contains template material. Template materials are chemical



process where the tenplate nolecules are disintegrated into volatile
conpounds. Dried also neans that at |east a portion of the liquid used

during the nepuhagiosse of the dried nol ecul ar sieve catalys
removed. The process 25 of manufacturing the dried nol ecul%?ﬂglgze"v'gglg?]&cess

is generally referred to as catalyst fornulation, with the dried catal yst
generally being referred to as fornul at elg catal yst. The dried nol ecul ar

si eve catal yst conponent optionally contdins structure directing nol ecul es
(i.e., tenplates). 30 In an enbodi nent of the invention, the dried nolecul ar
si eve catal yst conponent contains tenplate material. Tenplate materials are
chemi cal WO 2602pd@5B4hatRETAdded0odng thexodlRculaosiconmenufdguringpragess. added

during the nolecul i eve mapuf acturing.process.. Duri he formation of
the ol ecul ar Porigsate FTEHGR! gede M ilef HERReharedaiite D PR o

formed. This Lafdineqs ForRRdS Thisghiice Resatual ddeMaBpSvapouddnd e tenpl ate
material, with the tenplate material acting as a neans of formng a pore 5

structure wi tteimplathenateiiacwith thedemplate matengbiatinglag e re¢ape of famung a pareel y

formul ate into.a fini.shed catal yst d activated for.cata e , by
cal i ng or BUTRQMBE SRURERNER Rkt TR AT RIS S BB SRR, e
to renove thejfk@aBnahed catalyeh) ab@hctbated Batdtantit Gsd)bolcalchfifle o MGRidg it
tenplate is renoved fromthe nolecular sieve, a vast pore systemrenains

wi thin the nothedemplateidyeluger pracassean BFoTRaspderesipyedhs somdatey st em i s
Ot Sty AR 4 ALY SR G is P g o ot v

catalytic sit nmedi at € envi ryi ng

condi tions usgdldchlat eient,igvashsord 6vste rehgias hathirsihe veoleallal sisle stbenent are
| egs rigorous than the typical calcination conditions, the 15 nol ecul ar
si eve corffonehR&PHE SYSHEMROreaysth Bngrallyrefpacd e 23 ysimtrperastalamsipere cont ai ns'’

at | east some.afent ool GiiiAlco BN ALE BB B'thlbafile b RSk @nPOr tion of a

thermal | y degraded tenp emal ni ng tenplate or er mal
degradation product will typically be effective in covering active catal yst

sites of the nol ecul ar . sjeve incarporated._.into the dried nol ecul ar sieve
cat al yst corrponentélmB%g ngcandigons ygeddn fopmyng the drjedduolgelarsies o |y

covered by thgiGTRbALEnAT ofe LHE EBbu IR RLAYLRE calcination conditions, the
15  molecular sieve components of the dried molecular sieve catalyst preferably
contains at least some of the original template material or at least a portion of a
thermally degraded template. The remaining template or its thermal degradation
product will typically be effective in covering active catalyst sites of the molecular
sieve incorporated into the dried molecular sieve catalyst component. Because the
‘_ 20 active cé.talyst sites are generally covered by the template or a thermal degradation
C product of the template, the active sites are not available for catalytic activity, and
the dried molecular sieve catalysf component is considered to be in the non-active

form.

25 Representative templates which can be included in the first dried catalyst
particles include tetraethyl ammonium salts, cyclopentylamine, aminomethyl
cyclohexane, piperidine, triethylamine, cyclohexylamine, tri-ethyl
hydroxyethylamine, morpholine, dipropylamine (DPA), pyridine, 1sopropylamine
and combinations thereof. Preferred templates are triethylamine,

30 cyclohexylamine, piperidine, pyrdine, isopropylamine, tetraethyl ammonium

salts, dipropylamine, and mixtures thereof. The tetraethylammeonium salts include



product of the tenplate, the active sites are not available for catalytic
activity, and the dried nolecul ar sieve catal yst conponent is considered to

be in the nogsy LYoy f Orm 25 Representative tenplates which can be
i ncl uded i noﬁr?gﬁ'%/\r@ 42Elri ed catalyst particles include tetPSEUNIHLAREAI um

salts, cyclopentylam ne, am nonmet hyl cycl ohexane, piperidine,

triethylam ne, cycl ohexylam ne, tri-ethyl hydroxyethyl al ni ne, norpholine,
di propyl am ne (DPA), pyridine, isopropyla@dPne and conbinations thereof.
Preferred tenplates are triethylam ne, 30 cycl ohexyl am ne, piperidine,
pyridi ne, isopropylamne, tetraethyl ammonium salts, dipropylamne, and

m xtures ther egfracthiBarh@ohi@ Rydrexins OTE ATED letr@ethPLafioniE g3fhde5942
PCT/ US2004/ 012912 0 tetraethyl anmmoni um hydroxide (TEACH), tetraethyl
amoni um phosplaeghyl almpaenhiftorgentsiraeiiyt fgmongen braseidaderathdmoni um

brom de, tetraethyl. ni,um.ch [ etra | ammoni um acetate. 5 D.
Maki ng a Sl ur ra}}n%l%ﬂn%n?gﬂﬁn&{p% af{s}gﬂ &%’%%)%%‘glﬁta ?etta{jelyqui d and Dried Molecular

Si eve Catalyst Virgin catal yst conponents, liquid, and dried nol ecul ar sieve
are m xed together using conventional techniques to forma slurry. They are
mxed in afly 18r derMakug eRimylod Virgye Cotahyt kormoarytst Ligwiggoadited and/ or t he
dri ed nol ecul d¥lolecelyr Siaved atalysl yst can be added to the liquid, the liquid

can be added to they,visral | C nent s.. t dried Lecul ar
si eve catal yst, andvég@%aga%sﬁﬁérﬁﬁg& gﬁggﬁ@hﬂ& é%ér)f{%’g%sc% gsel ‘Gee%rﬁng&ﬁ ded. The

mxture is thapgetged vsisd tdnvestidnal feblintyues 6o ¥ sluFie TR erd Mofedufany he
stirring, the better the consistency of the slurry. In this case, the slurry
i s al so cal | e®rdete Hor gaampleota ¥irgs) Gatalyst cempenentyand/pyhe drigd medecidated

catal yst will I i [\ : i f ..nvention,
thb s ed ol esgeﬁﬁe;&?g?gé\?g’%%?%q%ﬁ‘lﬂ Hllres}yqurlré’gg%ﬂ%utghmﬁ% Ada Blepd Deiby 0
product sl urr ycatalyse cbingunehtsisad thodmmkoldaular sigheicatylysts afidienysefmiiiype of
liquid used in nmaking the dried nolecular sieve catalyst 20 conponent.

y
Preferably, tKeMPCEERE cprbasibspquenty addsch) Thegaiese 18 Hore tirgsddp tyrm
a slurry. The more thorough the stirring, the better the consistency of the slurry.

In this case, the slurry is also called the final product slurry, since the final

15  hardened catalyst will be made from this slurry.

In one embodiment of the invention, the dried molecular sieve catalyst is
mixed with liquid to form a final product slurry. The liquid used to make this
slurry is the same type of liquid used in making the dried molecular sieve catalyst
20  component. Preferably, the liquid is water. The final product slurry optionally i
( includes matrix material and binder as that used in making the slurry for forming

the dried molecular sieve catalyst.

The mixing of the final product shury is preferably sufficient to break
25  larger dried molecular sieve catalyst particles included in the slurry. In general,
the more vigorous the mixing, the smaller the dried molecular sieve catalyst
particles formed in the slurry. Mixing using high-shear mixers is preferred. Int
general, high-shear mixers are capable of rotating at speeds of at least about 3,000
rpms laboratory scale equivalent.
30
Solids particle size of the shirry can be indirectly determined by measuring

the viscosity. of the slurry. In general, the higher the viscosity, the smaller the



includes matrix material and binder as that used in making the slurry for
forming the dried nolecular sieve catalyst. The nmixing of the final product
slurry is p y sufficient to break 25 larger dried nol ecul ar sieve
cat al yst pa&ﬁ%{“g}sﬂ'ﬂxﬁ%l uded in the slurry. In general, th&CHBSRYHOGBIdUS
the mxing, the smaller the dried nol ecul ar sieve catalyst particles forned
inthe slurry. Mxing using high-shear m xers is preferred. In general,

hi gh-shear mi xers are capable of rotatinglat speeds of at |east about 3,000
rpms | aboratory scale equivalent. 30 Solids particle size of the slurry can
be indirectly determ ned by nmeasuring the viscosity. of the slurry. In

general , the mlﬁia?arﬁd]@sﬁb st Oistutry. TThe veseBsityesf thB SIuve) sHe0KI bt beBfbdhich,
PCT/US2004/0 1 291 2 21 solids particle size in the slurry. The viscosity
of the sl urrysasthetingxingis pet efiget v ighreaking apatitlange piarisléssontop lewfsedhatve in

breaki ng apart_lar rticles, or .t00 l.ow. SO .thats, drving will,.not .produce
accept abl e pa‘l%]iyimcﬁ ’g’%i gt?tr%gﬁ%c%.acgﬁp ltjarbr1 ¥ %rhﬁlg\ﬁ)%at{o& Srhl%g{%}f‘gngt% lgglggf ty tend
to cause probj eREodify tth@ tSEHuY pblais in gy spexpaRet , ForahdmpledRes NS COSi ty

slurries tend to plug spray nozzles or spinning wheels used in spray dryers

to form tHe spsegsitysiusdeniend e plug sPrRNnNSZEPufyiPIEIBE Mhepls vaeil InsatEYt 0 t he
e O O R A AR AR AL PRI S0 208 SR

the final proddct slurry S-a Vi scOSi ou

Pa/ sec) to abfuhatidn b0RreghlfllAhpddapasdredaarticdésur ed using a Brookfield
LV-DVE vi sconeter with a No. 3 spindle at 10 rpm Preferably, the final
product slurry has a viscosity of from about 200 cP (0.2 Pa/sec) to about

Paj se0) To. about o BOT RIS el ol il PRAEOledt S Sanliofl o) o
LVA DVE' vilgconsioesP (015Paksed) taabiut 13,58picR ] 25 Ro/st6), apmeaduictmitdier enbodi ment ,
e o e A TS e o OB Bl o
product sl ur rp 3% cPQhiY hal QMM tydr Hon? BB ARLED cPT0WPaet Pto about

10,500 cP (10.5 Pa/sec), and more preferably from about 350 cP (0.375 Pa/sec) to

about 10,000 cP (10 Pa/sec), as measured using a Brookfield LV-bVE viscometer

15  with a No. 3 spindle at 10 rpm.

In another embodiment, the final product slurry has a solids content of
from about 10 wt % to about 75 wt %, based on total weight of the slufry.
Preferably the final product slurry has a solids content of from about 15 wt % to
20 about 70 wt %, more preferably from about 20 wt % to about 65 wt %, based on
( the total weight of the slurry. The solids content can be measured using any
conventional means. However, a CEM MAS 700 microwave mufile furnace is

particularly preferred to give results consistent with the valtues recited herein.

25 The final product slurry contains sufficient dried molecular sieve catalyst
to provide a hardened molecular sieve catalyst upon calcination. In one
embodiment, the final product slurry contains from about 2 wt % to about 98 wt %
dried molecular sieve catalyst, based on total weight of solids in the slurry, In
another embodiment, the final product slurry contains from about 15 wt % to

30  about 80 wt % dried molecular sieve catalyst, based on total weight of solids in

the slurry. Preferably, the final product slurry contains from about 20 wt % to



20 about 70 wt % nore preferably fromabout 20 wt %to about 65 Wt % based
on the total weight of the slurry. The solids content can be neasured using
any convenw®bal/ipeaps. However, a CEM MAS 700 m crowave |l e furnace is
particularly preferred to give results consistent with the%’%@“ﬁ“@&??ed
herein. 25 The final product slurry contains sufficient dried nol ecul ar
sieve catalyst to provide a hardened nol ;,acul ar sieve catal yst upon

cal cination. In one enbodinent, the finaf product slurry contains from
about 2 wt %to about 98 wt % dried nol ecul ar sieve catal yst, based on
total weight of solids in the slurry. In another enbodi nent, the final
product sl ur rapoapd wi bisdfiedumobdonlat sitSe vatalstt moBOp=boretly &bowtt 204 d%4 ted

mol ecul ar sieye catal yst, based on total weight of solids . in. the.slurry.
bref orabl v, (et Rkt Ve et er i piVe e tn s G SBbuE OGRS 1% v
2004/ 105942 REJLYS40414/ 012912 22 about 40 wt % dried nol ecul ar sieve
catalyst, nore preferably about 20 wt %to about 30 w %dried nol ecul ar
sieve catal yst, based on total weight of solids in the slurry. 5 The final
product slLurry al contains sufficient nolecular sieve.to.bhe ffective in
o tesi r8d uve. 1 hecHie Bl Ty HsPRenRR S o) eSS B REa ns 1 rom
about 10 wt %rfeeriabiauts @3ird ugd MRIBE Yhdbd &Y, She PRSIEF AL SREA) copfdight of
solids in the slurry. Preferably, the final product 'slurry contains from

about 15 wt %drpabkdud0 B owe aboutiBerifoanoisiwamsievep basedroaftetahipieight obm about

20 bt % 10 to.abo 0 wt % cyl ieve, based on. tatal weight of
solids in théogﬁiﬁlgb‘?sugy‘ Bfﬁbﬁ’aﬂ}f?pﬁjB]eor‘illuﬁtgglf‘frﬁ%c%‘?tﬁ‘é‘fs %IQPB.@EP&‘E Slurry The
final product]ssiu,iy abaiit 836w d¥186lctfnde @) hoe®PMgithbRTRim dbdii9 wimat hod to
fcIfem a hardened nol ecul ar si eve catal yst conposition. In one 15 enbodi nent,
th

f i nalO pr delakaut $Puvtr% majegParyevss bangd op totel weightpf spjidein the sproduct,  and
the spray dried product is calcined. Calcination further hardens and/ or
activates the hardened nol ecul ar sieve catal yst conposition. Calcination

medi a usef ulg.in Diyhg ddeirieding A Kidel Bbduct Slidpgen, helium flue gas
(conbustion product lean in oxygen), or any conbination thereof. Ar,
optional |y cont ai APgdinabpreductsturgy can be dried using any conventional drying

method to form a hardened molecular sieve catalyst composition. In one

15  embodiment, the final product slurry is spray dried to form a spray dried product,
and the spray dried product is calcined. Calcination further hardens and/or
activates the hardened molecular sieve catalyst composition. Calcination media
useful in this invention include air, nitrogen, helium, flue gas (combustion product
lean in oxygen), or any combination thereof. Air, optionally containing water, is a

20  preferred type of calcination medium,

Conventional calcination temperatures can be used to form the hardened
molecular sieve catalyst of this invention. Such temperatures are generally in the
range {rom about 400°C to about 1,000°C, preferably from about 500°C to about

25  850°C, and most preferably from about 600°C to about 800°C.

Conventional calcination devices can be used in this invention. Such
devices include rotary calciners, fluid bed calciners, batch ovens, and the like.
Calcination time is typically dependent on the degree of hardening of the

30  molecular sieve catalyst composition and the temperature.



20 preferred type of calcination nmedium Conventional calcination
tenperatures can be used to formthe hardened nolecul ar sieve catal yst of

this inventin. enperatures are generally in the range from about
400C to abou\?BfP@g@%bpr eferably from about 500C to about g%“ﬁ?g@&,”"’éﬁl? nost

preferably from about 600C to about 800C. Conventional cal cination devices
can be used in this invention. Such devices include rotary calciners, fluid
bed cal ciners, batch ovens, and the like.23Calcination tinme is typically
dependent on the degree of hardening of the 30 nol ecul ar sieve catal yst
conposition and the tenperature. WO 2004/105942 PCT/ US2004/012912 23 In one

enbodi ment of the ipvsRtentHbdirAerd RE @k @VERIbNIPESEY dAE] fictatalealedt ¥atalyst
conposition is heated in nitrogen at a tenperature of from about 700C to

about  800C t crofepositionas heatefbiautraginedt @l tamperatyeobioml apeut TC¥pdsiabewn.
ool S { . . :
out T, hour J00LEp Qi o RBET R arbiaE Al Y SRRRS Jafheu =2 ©

about 15 hours, 5 pretera ours? nore

preferably frqumadios: fdr a patod dfeinadoffrolm abour 30 méiges o abow & iwsued)| y from
about 2 hours to_about 4 hours. 111, Method of Usi ;% t he Hardened Mol ecul ar
Si eve Cat af ystprofgeabbairamabout bhodpiapapis] ey, mae peperdblyfrempbaetyl in a

variety of 1 c Lhel udi ' oQf 5 a feed
(o 11 ant ol ef oes - HpRFE bt 44 ARt RPraRansll 2 FEATR By BORINT  Oht
(MN hydrocarbons to | ower MW hydrocarbons; hydrocracking, of for exanple
heavy petrol eum and/ or clic feedsto i.sonerjzatjon, of for exanple

d K:
aromat i cs suchtas MF@H@?’}(%@B}}%H g@)M"i%‘f"l‘Fogrl?‘@%ﬁ‘Wét one or nore
ol efin(s) to pr Odueﬁne%a&gld P&éti&{so&@éfﬁﬁed[]a%g% Rl éfu'f'}’xfﬁ 991‘?%5&‘ on,
0 e hy ore

dehydr ogenati on; dewaxi ng, or exanp rocarbons ve straight
chai n par 88 f i psoceates ightding craokingpof fex anghple aldephtha dredriatiight clefip@unds f or

separating out_ijsqnmers._thereof, al kylation, of far, e h]; aromatic
hydr ocar bons éUJ %é‘?nbgﬁzgﬁgaéﬁa) Al %@er%ﬂ?‘éﬁ@,wﬁﬁqm flwc?"l%oni)?oopyl ene
to produce cumRp& MW WdBcdB88k; Gh@oRrRkell Bfor L ARSR MEW ASdiRIleurR bnd/BF 20
exanpl e a conbination of aromati ¢ and polyal kyl aromati ¢ "hydr ocar bons;
cyclic feedstock; isomerization, of for example aromatics such as xylene;
polymernization, of for example one or more olefin(s) to produce a polymer
15  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 cumene or with long chain olefins; transalkylation, of for
20  example a combination of aromatic and polyalkylaromatic hydrocarbons;
-~ dealkylation; hydrodecyclization; disproportionation, of for example toluene to

make benzene and paraxylene; oligomerization, of for example straight and

branched chain olefin(s); and dehydrocyclization.

25 Preferred processes include processes for converting naphtha to highly
aromatic mixtures; converting light olefin(s) to gasoline, distillates and lubricants;
converting oxygenates to olefin(s); converting light paraffins to olefins and/or
aromatics; and converting unsaturated hydrocarbons (ethylene and/or acetylene) to
aldehydes for conversion into alcohols, acids and esters.
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deal kyl ati on; hydrodecyclization; disproportionation, of for exanple toluene
to make benzene and paraxyl ene; oligonerization, of for exanple straight
and branckheg:@baisspl efi n(s); and dehydrocyclization. 25 gFe{eihg6h2912
processes include processes for converting naphtha to highly aromatic

m xtures; converting light olefin(s) to gasoline, distillates and

| ubricants; converting oxygenates to ol %fr n(s); converting light paraffins
to olefins and/or aromatics; and converti ng unsaturated hydrocarbons
(ethyl ene and/or acetylene) to aldehydes for conversion into al cohols,
acids and esters. 30 WD 204/105942 PCT/ US2004/ 012912 24 The nost preferred
process of the |n\Té1nt1m;npre§eraﬁcmch@39f theripeengiontio a prasescdimetedstiodhe of a

f eedst ock t t
et 0%k | et A RStk B B St DB R Aot oLty O
contai ns fropdgtaing® oﬁ@@ﬂﬁmwau}ﬂra{a@moﬂhmm caibSdunds shdlomhtlthe @hﬁﬁ)atiéar bon 5

atons, for exanple fromlto carbon atons, and particul a fromlto 4
carbon at onBloig{p goniams fiony 1 éx abgit 88 carboal atghatsheh evfien lniorfé%/ @obgibunds

oty 10 mobea Sk SRICBTP ner Ao ko sl TRR G2 Rk °°

sul fide, al kybgi®i nes such as nethylanrrne al kyl ethers such as drneth yl
et her, :diethyl ether and nethylethyl ether, alkyl halides such as nethyl
chl oride and ethyl chloride,  alkyl ketones such as dinethyl ketone,

fonnal dehydes, angioiath s ghde S eRACACRL: fing A5k HondB k0,8, Preferr ed

enbodi nent of the procéss contai ns one or

nore oxygenailesholsmuch #3pethdriot ahd ytha@dsleamyl mercapahganhas meahypound( s)
ﬁnt ai ning at | east one _oxygen atom In _the nost preferred enbodinent of
e prodéss wersapipepd sy irecapiang atrat eﬂﬁﬁe&%h peEwEd swlfids, Jkdaminesy nore

t
al cohol (), RichlEhAkhyaRliePBRY] Gnalk SAPh! St el M)l ARGl moi ety of

t he
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.
i5
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

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

e .

alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic
alcohols arrd their unsaturated counterparts.

25

Non-limiting examples of oxygenates include methanol, ethanol, n-

propanol, isopropanol, methy! ethyl ether, dimethyl ether, diethyl ether, di-
isopropyl ether, formaldehyde, dimethyl carbonate, dimethyl ketone, acetic acid,
and mixtures thereof.
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al cohol (s) has from1l to 20 carbon atons, preferably fromlI to 10 carbon
atons, and nost preferably from1l to 4 carbon atons. The al cohols useful as

f eedst ock i nw(}%ﬁflg‘f?g%ess of the invention include | ower st rai?’glg%lg}?{‘]‘g%91§5

branched chain ic alcohols and their unsaturated cofif

Non-limting exanpl es of oxygenates include nethanol, ethanol, n- propanol,

| sopropanol, nethyl ethyl ether, dinethyl ether, diethyl ether, di-

i sopropyl ether, formaldehyde, dinethyl cafbonate, dinethyl ketone, acetic
acid, and mxtures thereof. 30 WD 20114/105942 PCT/US2004/012912 25 In the
nost preferred enbodi nent, the feedstock is selected fromone or nore of

met hanol , ethanol, T tietmust prfdiad, entiodimyht, dlelfesdstick ds ftsrhidnfadrn @neoper eof
nore preferably nethanol and di nethyl ether, and nost preferably nethanol. 5
The various fdegErferathanclaihaned dimsihe! cthas dicthyl gihey ona suabiaaliakthersht ai ni ng

an oxygenat e, %fe%;@%%%ﬂgfﬂleﬁfah& :ﬂldﬂﬁﬁl@ﬁéﬁ’?ﬁglﬁ%ﬂﬁ ?Ldgi @?g@%ﬁéﬁ%ﬂmbl | S

converted prinmarilly i one or nore o produced from
the feedstock typically have from2 to 30 carbon atonms, preferably 2 to $

carbon atons, nore_preferably 2 to 6 carpon atons, still re preferably 2
to 4 carbods 10 at owvwsgﬁéﬁtoﬁlfse‘ilé?‘%ﬂﬁ éﬂ%‘iﬂl@“iyea%ﬁg?'%&( propyl ene.

The catal yst coapashb ia.ﬁ'&x?%en%ﬁ?rﬂo%’?ﬁ%ﬂ:ﬂﬂﬂk% f@@cfs%dcﬁ%@a hdiefilbhdinst he
process that is genefally'Ffefefred to as the gas-to-ol efifis (GTO process or
al t er nat i vel y,cotnhertadegrivaadly-itto-cnk ef nmse OMIOYs)pThe obdin(d) praduced fivocthss, an 15

oxygenat ed feedstock, no r ef er afl t hanol -co | Ni eedstock, is
converted in Ff%"eésf?rcgsf&’l‘ﬁéi-‘b avg fmwgéépgrcgrg)pg@éor&upaqqlﬁﬂfc% 'P?Hn i nto one
or nore ol ef ifdf), merepr&eably?2 &16lcRbEH ATRARN YaorEhR¥er ¢ 2309/ @b OPY | ene.
Usgng the catal yst conposition of the invenfion for the conversion of a 20
fe

dst ock 10 pr et@nsilahg nzost prefisetdy lareghylahe kmdjooproppleneror e oxygenat es, the
anount of olefin(s) produced based on the total weight of hydrocarbon

produced is greater
The catalyst composition of the invention is particularly useful in the

process that is generally referred to as the gas-to-olefins (GTO) process or
alternatively, the methanol-to-olefins (MTO) process. In this process, an

15 oxygenated feedstock, most preferably a methanol-containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or

more olefin(s), preferably and predominantly, ethylene and/or propylene.

Using the catalyst composition of the invention for the conversion of a
' 20  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, typically greater than 60 weight percent, such as greater
than 70 weight percent, and preferably greater than 75 weight percent. In one
embodiment, the amount of ethylene and/or propylene produced based on the total
25  weight of hydrocarbon product produced is greater than 65 weight percent, such
as greater than 70 weight percent, for example greater than 75 weight percent, and
: preferably greater than 78 weight percent. Typically, the amount ethylene
produced in weight percent based on the total weight of hydrocarbon product
produced, is greater than 30 weight percent, such as greater than 35 weight
30  percent, for example greater than 40 weight percent. In addition, the amount of

propylene produced in weight percent based on the total weight of hydrocarbon



t han 50 wei ght percent, typically greater than 60 wei ght percent, such as
greater than 70 wei ght percent, and preferably greater than 75 wei ght

percent. | @BgfnfEhedi nent, the amount of ethylene and/or, ]
produced based OI’]l the total 25 weight of hydrocarbon produc @ 6@@26‘% S

greater than 65 wei ght percent, such as greater than 70 wei ght percent, for
exanpl e greater than 75 wei ght percent, and preferably greater than 78

wei ght percent. Typically, the amount etHylene produced in weight percent
based on the total weight of hydrocarbon product produced, is greater than
30 wei ght percent, such as greater than 35 wei ght 30 percent, for exanple

greater thanpfdiiveeprobtcddes gednter thah 20eteighopercérhiesuabmab gicatth thaardSpy bighte
produced in wei ght percent based on _the total weight of hédrocar bon WO
2004/ 105942 pmmysﬁmzpmpiezm@er then gP Serigt PSFeSEL@Rd Prefergblyarententhal 20

wei ght perce reater than 25 weight percent, for exanple greater
than 30 wei gggweghqg fC% gnd preferably greater than 35 weight percent. 5 In

addition to the oxygenate conponent, such as nethanol, the feedstock may
contains one or npre_diluent(s), which are generally active to the

f eedst ock® or ol eGupdGitien &,/ beOXYEFAL CURRAFSES: F?Wséﬁﬁg%]‘grqe’9 ﬁ?eé{éﬁof’ used to
reduce the g%gﬁlﬁfr{’%tdlﬁrbr York taﬁuélﬁ{as? SUREK ar e’#&@e}aﬂlgz)ﬂoh '}Qa of

di l uents include ium argon, ogen, noxi car on di oxi de,
wat er, essenfdeditbgk oomolddulae st e vﬁa]gaircamipqsmo@emﬁam azpicyllyhk@htesreekmh as

nmet hane, ethane, and rop e) es non-re ctlve aromati ¢ conmpounds,
and m xtures%{eWQP aﬁ‘?ﬁé’ ﬂ%?sﬁe dskeg fa&% e P %?r‘g%‘?%tF IQFh‘bdccnl trogen,
wth water b bh&& de. RS diseat  wit ter, may
be used elthgélﬁ?%%gé&q a%&:rgéegycgﬁgﬁa%oégﬂlg fgorm 1or gﬁ%%ﬁfﬁgtﬁ?@nﬁ%r eof

The di | uknt raaytntmaaaeaﬂilmer(eq»dcieﬂy dikangstdugh B@mteﬂmnef@ladst mukpreparmb,l ng a
reactor or addec%{aﬂl rectl é to the reactor 89 % 2‘5 {1}8 g nol ecul ar si eve
catal yst conpSETHAYMOnTFACtHE A VRt ppRD E BRXEYRRETRY SUeMOst wi de range
of tenperat U;fsx%fened%@luéﬁs‘smr@ﬁrate@ ahdRitfcR am@ﬁ whicP BB Qaitich@RIy frefedegut  1000C,
for exanple from about 250C to about 'S i ncluding from about 250C to

about 750 C,

The diluent, for example water, may be used either in a liquid or a vapor
15  form, or a combination thereof. The diluent may be either added directly to the
feedstock entering a reactor or added directly to the reactor, or added with the

molecular sieve catalyst composition.

The present process can be conducted over a wide range of temperatures,
_ 20  such as in the range of from about 200°C to about 1000°C, for example from
(~ about 250°C to about 800°C, including from about 250°C to about 750 °C,
conveniently from about 300°C to. about 650°C, typically from about 350°C to
about 600°C and particularly from about 350°C to about 550°C.

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



conveniently from about 300C to about 650C, typically from about 350C to
about 600C and particularly from about 350C to about 550C. 25 Simlarly, the

present proGeeSeesee conducted over a wi de range of presl§(lf.|lr incl.udi ng
aut ogenous pressur e.\ Typically the partial pressure of the e’g%sok'g'glﬁyg

exclusive of any diluent therein enployed in the process is in the range of
fromabout 0.1 kPaa to about 5 MPaa, such as fromabout 5 kPaa to about |
MPaa, and conveniently from about 20 kPaa2fo about 500 kPaa. 30 WO

2004/ 195942 PCT/ US2004/ 012912 27 The wei ght hourly space velocity (WHSV),
defined as the total weight of feedstock excluding any diluents per hour

per wei ght of nol echheaweigheNsurlynspabeveloaityal WHISVoodaiingd tas ¢He, totay piefphk by r anges
fromabout | Irr' to about 5000 hr', such as fromabout 2 hr' to_about 3000
hr', for exanpeedstockiaxsBging anviiluents pspBONT PEE DS SRt Af molegHiaT SiSKE BHbENt |y fr om

about 10 hr' t = n I -1 3 er
than 20 h r-1 %ﬁ%ﬁ\%@%ggﬁge’g lg%llzyE%g%a?%%%ﬁg%oltogﬁ@tgﬁ@yg n‘tes'tglhl$?'°t et her,
is in the rangeombbbut@nhrdliouboR®A00 hrt donboautpl380mhabout S\het & itvat psacess i s

conducted in a fluidized bed, the superficial gas 10 yelocity (SGY) of the
f eedst ock Pncidi # deeréﬁrftﬂaﬁamraé?ae l%lfar ‘&P&H&%@%%‘ hi ! PeembQLRIER

system and pﬁ?és g@@?giu el Blal 2 1G4, &ﬁ%@g&%&%k c':&?cai%%] nie@Rb] gl}(ﬂ‘ormat er

per second ( as greater than sec, such as greater than |
iii/sec, for dmatipyl ethey, saneahe tangn of frofrsabout E@W‘eﬂoiaﬁnuﬂwogﬂéat er than 3

m sec, and typically greater than 4 nisec. See for exanple U S. Patent
Application Serial No. 15 09/708, 753 filed Novenber 8, 2000, which is herein

i ncorporated by refWh&RGRe probB& PLOKRREIQh alMifgi VSR, i sub s bedi ently
copducted as a fixed bed e%;Oocesls, or m)reatypilcally’as gbfl uiﬂg?ézed bed

process (ifcl velargy &3GND bbithenfeedrtotk ipelodimgsiluestiant remstian portuctsuwittsin theui di zed
e PLO0CES. SO BULL UL bR, £ IO Sec A% B8 XA REY, L ed bec
such as hybri decond (m/sec), such as greater than 0.5 m/sec, such as greater than 1 m/sec, for
example greater than 2 m/sec, conveniently greater than 3 m/sec, and typically
greater than 4 my/sec. See for example U.S. Patent Application Serial No.
15 09/708,753 filed November 8, 2000, which is herein incorporated by reference.

The process of the invention is conveniently conducted as a fixed bed
process, or more typically as a fluidized bed process (including a turbulent bed
process), such as a continuous fluidized bed process, and particularly a continuous

20  high velocity fluidized bed process.

The process can take place in a variety of catalytic reactors such as hybrid
reactors that have a dense bed or fixed bed reaction zones and/or fast fluidized bed
reaction zones coupled together, circulating fluidized bed reactors, riser reactors,

25  and the like. Suitable conventional reactor types are described in for example
U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully
incorporated by reference.

30



reactors that have a dense bed or fixed bed reaction zones and/or fast
fluidized bed reaction zones coupled together, circulating fluidized bed

reactors, I I ors, 25 and the |ike. Suitable conven, r
types are e@?p(fJQQ%ﬁl n for exanple U.S. Patent No. 4, 076,%%@,8%."’@3% ent

"No. 6,287,522 (dual riser), and Fluidization Engineering, D. Kunii and O.
Levenspiel, Robert E. Krieger Publishi g_g&DCOrrpany, New Yor k, New York 1977,
which are all herein fully incorporate y reference. 30 WD 2004/ 105942
PCT/ US2004/ 012912 28 The preferred reactor types are riser reactors
general ly described in R ser Reactor, Fluidization and Fluid-Particle
Systens, pages 4SThe pseferred reacipe fivpes ate nifor Factorh generAbi ¢asenbediniirahi ng

Cor por at i on, Yar.k, ;. 1960, .S .Patent No. 6 6 (fast-f.l uidized
bed react or) ,Rlélg‘\#ﬂ"%%Ig.dl‘lgg?’éﬁflgﬁg’{f%}%éfzf%r‘ﬁ sg%’?zls’aqagfi%%slg’ %%Zs%éé%lffnwdl | ed May
4, 2000 (nul U pl@hhics Reimh@RCPHshingl T &Poration, alidw Yerigi1pe WndyU.Si paestpor at ed
by reference. The hardened nol ecul ar sieve catalyst of this invention is
par ti cul ar |y NoudBGI2SP ktesly Buidinsd e kpAcean), ind Lot Bty npbicepor Serial ol

t hr ougho a i el at. S t ha se

parti cul ar pp%)%?g’tr?ggv%ﬁ]?%ﬁgﬁ trEr’ F?@(g%n%lglﬁgr?stgt%%@d)o g’é’? a ‘lilrggﬁ altlre%“% ﬁ%gg t hat

i nclude a rearbfiordted boasfepingg out the reaction, and a regenerator for
intermttently regenerating the catalyst. In one practical enbodinent, the
process is conducted as a fluidized bed 15 process or high velocity

fluidized bed pr O?ﬁ?ﬁallﬂteh%]d @of&%uﬁ‘r El%%E&elﬁlys?tyost‘tﬁf@ig@entﬁ%ﬁ9?@8%@151588nSVSt em and

a recovery system Tn suc process t eact or stem tonveniently
i ncludes a fihasfal ibedstemadt ehichythé eaalyanvis oigcdated tirbugleas taresctivangstemi t hi n one
or- nore riser reactor(s) and a second reaction zone within at |east one

di'sengadithg vEsulation iwi)swr:m; that favsearipuls eTehiems mathcaptioned cireylagde 20

enbodi nment - I h Ser 6 : i in ssel are
cont ai ned V\/%At!ﬁy%rhge gl{orslg {ea?}l{ecgll%%oar{eggtsifeb??%@gﬁmﬂe% gt ockf%dr%ferabl y

cont ai ni ng oregemdratop fa& inlexyjentdy esgenopting el dayalydtt h one or nore diluent(s),
is fed to the one or nore riser

In one practical embodiment, the process is conducted as a fluidized bed
15  process or high velocity fluidized bed process utilizing a reactor system, a
regeneration system and a recovery system. In such a process the reactor system
conveniently includes 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, typically comprising one or more cyclones. In one
20  embodiment, the one or more riser reactor(s) and disengaging vessel are 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) into which a molecular sieve catalyst composition or coked version
thereof is introduced. In one embodiment, prior to being introduced to the riser
25  reactor(s), the molecular sieve catalyst composition or coked version thereof is
contacted with a liquid, preferably water or methanol, and/or a gas, for example,

an inert gas such as nitrogen.

In an embodiment, the amount of fresh feedstock fed as a liquid and/or a
30  vapor to the reactor system is in the range of from 0.1 weight percent to about 85

weight percent, such as from about 1 weight percent to about 75 weight percent,



reactor(s) into which a nol ecul ar sieve catal yst conposition or coked
version thereof is introduced. In one enbodi nent, prior to being introduced

to the risew@mougaat®r (s), the nol ecul ar sieve catal yst szhﬁﬁﬁzﬁﬁ
coked version thereof is contacted with a liquid, preferably water or

met hanol , and/or a gas, for exanple, an inert gas such as nitrogen. In an
enbodi nent, the anobunt of fresh feedstock fed as a liquid and/or a 30 vapor
to the reactor systemis in the range of %romo0.1 wei ght percent to about 85
wei ght percent, such as from about 1 weight percent to about 75 wei ght
percent, WD 2004/105942 PCT/ US2004/ 012912 29 nore typically from about 5
wei ght per cenindre taticully f5En wboghht waighipmtenb saishuoaS wiekght petcaiit vasedbh of t he
f eedst ock includi ng any diluent, contained therein. The, liquid d vapor
feedst ocks najPeeia pe! ﬁéﬂ{’?&nﬁ‘fﬁé‘? iU Iﬁg%gﬁﬁ%‘ﬁfﬁmﬁn\?gr@?ﬁ‘& afn|5’reoporti ons
of the same of;.giiff.Qr 24shQ | SAPEi ' r el ts. 5
The feedstoc kh3ﬁiltde&];ni%r;;g%lB %rh%gr eact gérfa%’s%gst%lgﬁ%rﬁgcpr ef ét?%nﬁﬁi‘/;l{:ag]n(%gfatugg%ﬁg{aérti ally
or fully, in propoftigrstof tEahwrorzbfferentfeedstoaya sethtbe edrthe oediffardmdileetter s t he
di sengagi n vessel along with the coked catal yst conposition. In the
preferred-enbodi nent, cyclone(s) are provided within the di sengagi ng vessel

Lo separate the coligd ddisak dhitfihe BATRASL! {yoRnl KPRAABIOASSRHE] Habldign!

containing one or nore olefin(s) "wthin the di sengagi ng vessel t hough
cycl ones are ¢rgiky mgts figet asector zefid ade 8 gassouheffluehighali enderg e disengagisgl can

al so be used to separ at he catal yst conpositiqn. fromthe gaseous

T uent - o1 ERSTab R S ol Pat i SRR st 19 4° oGRS AR BRI P rom ¢ he
gaseous ef f | ugrliondl®) auél BrovitRdUsiehiR thd iR ging 3BSsel @ RpiYare MBdokde | i ke. 15

| ncone enbodi ment, the di sengagi ng vessel includes a stripping zone,

typi cal | yIO n eatplysliecompesitioodToph thergaseiusefdjingt aeptsiatngeone armeneelefin($)ppi ng
zone the coked,catal.yst conposi ti i C ith ferably one
or a conbi navﬁl&lﬁ]a%F dé’? %%ar%mrg}ﬁsﬁéélhg‘?thggglﬁg)ﬁﬁ%}%)%?ed@%&eg éa?lbg%%it %%t%:t e,
hydrogen, or w{ihidtht dBehgass vdi6d] cas aRb $ensedioakpirated! tie 84t8BM cdn@pdsaiaver

adsor bed hydrocar bons i .
from the gaseous effluent. Other methods for separating the catalyst composition
from the gaseous effluent include the use of plates, caps, elbows, and the like.

15
' In one embodiment, the disengaging vessel includes a stripping zone,
typically in a lower portion of the disengaging vessel. In the stripping zone the
coked catalyst composition is contacted with a gas, preferably one or a
combination of steam, methane, carbon dioxide, carbon monoxide, hydrogen, or
20  aninert gas such as argon, preferably steam, to recover adsorbed hyﬁrocarbons

( from the coked catalyst composition that is then intreduced to the regeneration

system.

The coked catalyst composition is withdrawn from the disengaging vessel
25  and introduced to the regeneration system. The regeneration system comprises a
regenerator where the coked catalyst composition is contacted with a regeneration
medium, preferably a gas containing oxygen, under conventional regeneration

conditions of temperature, pressure and residence time.

30 Non-limiting examples of suitable regeneration media include one or more

of oxygen, Os, SOs, N;O, NO, NO,, N, Os, air, air diluted with nitrogen or carbon



fromthe coked catal yst conposition that is then introduced to the
regeneration system The coked catal yst conposition is wthdrawn fromthe
di sengagi Ny 85aRlisesa> and introduced to the regeneration pygisns/d12012
regeneration systemconprises a regenerator where the coked catal yst
conposition is contacted with a regeneration nedium preferably a gas

cont ai ni ng oxygen, under conventi onal re%)nerati on conditions of
tenperature, pressure and residence tinme. 30 Non-limting exanpl es of

sui tabl e regeneration nedia include one or nore of oxygen, 03, SG3, N20,
NO, N2, N2CGb, air, air diluted wth nitrogen or carbon WO 2004/ 105942

PCT/ US2004/ 0 1harage, oxygen a3d water gitpgbrentfioviaddh 7¢3), aubepmorexidg angobas 703) |

carbon monoxi arcgggﬂ! Bitatl¥ HLAEA G UAMARR £EARNELA ML AARGIEIBRS ar e those

capabl e of burni coke the co catal yst conposition, preferably to
a | evel | ess fidnatheQcdkedehightst comepositithn, peedardblyrio aHevd ddsakhand). §meight t he coked

nol ecul ar sieve catal yst 5 conposi ti entering the regeneration system For
exanpl e, t he PEEGBHRASEH Pghe © %Pct8?ﬂﬂe@e%ﬁw%@wﬁaﬁ@fé&&f from about

200C to @OUESéﬁgggon%H%ﬁng%he eé%ﬁ%%séﬁpq:cfr%x??@}g tlgcqgg&lerzﬁ% exanpl e

from about 4 t o about 50C, "and conveni ent m about 550C to 700C.
The regener atémperpmessiayde imthehrengaoft fiven nboge? 00° Cfio abod 16 00°Q, sugsasa ( 103

kPaa) to aboyt 500 psi 448 , h t 20 psia (138
Pas) o abolnnsepanlee krswuk il T xpiiafasom ARREILE 809l a ( 172kPac)
to about 1507pgi@ :ﬁa@l%ﬁvé‘rﬁéﬁ?ybﬂ&ﬂ%oﬁ%%@@!t@ﬁbé%.f TMe%?x%&ti&%ﬁ?éu?e (207

kPaa) to about 60 psia (414 KPaa). The residence tinme of the catalyst
conposi tion mmeytheenrthgwmge af fomabpubts psis (167 kiee) tazipat 600 psiaG4dSout one

m nute tp. seyeral hour such frol ut, .on jnut e m nutes, and
H{E vol uﬁ% oﬁﬁ‘f}yﬂ?ﬁ %S?ﬁ'%gg?‘ﬁgéﬁé}ﬁa(??gﬁﬁﬁﬂyﬁrg‘{}m%'aRsﬁl(ﬁﬁ%‘}%g e of from
about 0.01 mplgudigs GRA alcut G @ 700PR) REASARY SORSET1 O khHR), dhat al  vol ume.
of the gas. 20 The burning of coke in the regeneration step is an exothermc

reaction, andonvenieatlydriyodbers 30 psiaH@07 kRportarbee ol nsid @ 1dh€asdegener ati on
systemis controlled by

The residence time of the catalyst composition in the regenerator may be
15  in the range of from about one minute to several hours, such as from about one
minute to 100 minutes, and the volume of oxygen in the regeneration gas may be
in the range of from about 0.01 mole percent to about S mole percent based on the

total volume of the gas.

20 The burning of coke in the regeneration step is an exothermic reaction, and
( in an embodiment, the temperature within the regeneration system is controlled by

various techniques in the art including feeding a cooled gas to the regenerator
vessel, operated either in a batch, continuous, or semi-continuous mode, or a
combination thereof. A preferred technique involves withdrawing the regenerated

25  catalyst composition from the regeneration system and passing it through a
catalyst cooler to form a cooled regenerated catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either internal or
external to the regeneration system. Other methods for operating a regeneration
system are in disclosed U.S. Patent No. 6,290,916 (controlling moisture), which is

30 herein fully incorporated by reference.



various techniques in the art including feeding a cooled gas to the
regenerator vessel, operated either in a batch, continuous, or

sem -contin R¢4»0r @ conbination thereof. A preferr i

i nvol ves mﬁ?ﬁg?gﬁgﬁgg?he regenerated 25 catal yst conpositigﬂyﬁgggﬁyﬂggu
regeneration systemand passing it through a catalyst cooler to forma
cool ed regenerated catal yst conposition. The catalyst cooler, in an

embodi ment, is a heat exchanger that is |8éated either internal or external
to the regeneration system Oher nethods for operating a regeneration
systemare in disclosed U S. Patent No. 6,290,916 (controlling noisture),
whi ch is 30 herein Theé képeharaesdpatadisecomiyositdrew id@wn\Wonz G4k &fdidn

PCT/ US2004/ 1112912 31 The regenerated catal yst conmposition w thdrawn from
t he regener at i Oitens pielemblyfrendha prtylystcorlarts cembie] stithcpBpdymolesulab i ned
with a fresh C ' . : L - &l rcul at ed

nol ecul ar sieG%%%ﬁ#%?ggf%hﬁﬁg%gg%ﬁ@%ﬁ&gﬁg%%ﬁa#%gPsP%g%égagﬁgygéresh gas or
liquids, and reimposibr andidrefeédsirk abd/oefestogdsSyr liquidspame] retdvndd toahd rsdrhe
regenerated catal yst conposition withdrawn fromthe regeneration systemis

returned t@ tHEAGPES) Ipege cartodimentrtbe Taegherpied caedyst gomegsiian WHALRHE t hr ough
a catalyst CO%&% thé“&-egg?éx’aﬁ&n syt sqetuikd (B Bid ﬁ%?@acﬁ&ﬁ??&?&%pﬁ’eﬁ%ﬁlm st eam

or the Ilike, e us sem -cont i nuously or continuo tate
t he i ntroduct iafter passireethragphredtdied codtal A sirrienBpdsad amoinertt @ad, Heedswakt or 10
system preferably to the o or nore riser. reactor(s). By confrolling the
flow of the ré’@‘B?ﬂgF%?@E’oor he gﬁ?ﬁaycwgi SFFBT?"BP“%E@%T Copéﬁ‘écﬁ’éiyafoed catal yst
composi tion f rlitReeaaRORIRoh P URNSLARI O] LR ERREIRLitioR YT iR Thadifte OPL T MM
| eyel of coke on the nolecular sieve Catalyst conposition 15 entering the
react or i $0maisgstamnprtferdhbrie the enenanyoreeshniegetes(sf.or controlling the flow
of a catal yst conposition described in Mchael Louge, Experinental

Techni ques, Circulating Fluidized Beds, Gace, Avidan and Know ton, eds.,

Bl acki e, 1997 (336-B3ddntroMihe theiovh6f BE RedeREidatatllfd cBipb&ifish 8nEddle20 Coke
| evel s on the catal yst conpoSition are neasured by withdrawi ng the catalyst
conposi tion f regeneratedesiaigstsionpopition &om tdeghmetivn sysigmite shecrgadion :

system, the optimum level of coke on the molecular sieve catalyst composition

15  entering the reactor is maintained. There are many techniques for controlling the
flow of a 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.

20 Coke levels on the catalyst composition are measured by withdrawing the

o

catalyst composition from the conversion process and determining its carbon
content. Typical levels of coke on the molecular sieve catalyst composition, after
regeneration, are in the range of from 0.01 weight percent to about 15 weight
perceht, such as from about 0.1 weight percent to about 10 weight percent, for

25  example from about 0.2 weight percent to about 5 weight percent, and
conveniently from about 0.3 weight percent to about 2 weight percent based on

the weight of the molecular sieve.

The gaseous effluent is withdrawn from the disengaging system and is
30 passed through arecovery system. There are many well known recovery systems,

techniques and sequences that are useful in separating olefin(s) and purifying



-content. Typical |evels of coke on the nol ecular sieve catal yst conposition,
after regeneration, are in the range of fromO0.0l1 weight percent to about

15 wei ght wpeneaMpsesguch as from about 0.1 wei ght percent ut 10 wei ght
.percent, for 25 exgrrpl e fromabout 0.2 weight percent to a%‘gﬂﬂgg’%l%

percent, and conveniently from about 0.3 weight percent to about 2 wei ght
percent based on the weight of the rml§ ul ar sieve. The gaseous effluent is
wi t hdrawn fromthe di sengagi ng system a is 30 passed through a recovery
system There are many well known recovery systens, techniques and
sequences that are useful in separating olefin(s) and purifying WO

2004/ 105942 PEfih($32004 1G120dcus efucpt.eReqovsyy fystems gemerpdiy comprie bheient .

Recovery systens general |y copprise one or .nmore or a i pation of various
Separ at ] o, FRALET bHCPBHYSH 6F Grious SRy SRS Tsen SnOBERERRRIC oF T (¢ ar .
or trains, rgRcd QBIENSS Sttty &R rams Slehtl PENZRAR subRAVEBGHERRREU. S. Patent
No. 5,476,975) and other derivative processes such as 5 al dehydes, ketones

and ester namahaietiowre (8. BatepalNent,4 e?7 269 itet dyrivative poodesses sagdsaci at ed

equi pnent,, far, .ex | e varioqus cond ers t hangers,.. refrigeration
syst ens or cﬁfjiﬂi‘y eg%eﬁgesﬁﬁﬁ?tg’s?ﬁ@?‘: O@ggﬁqtexﬁﬁ%g,@?,@&g&nﬁ Oﬁlﬂﬁps, and
the |ike. 10adNe@tafel BahipheeneXeid8H1o{atdieTend@WeFsShedt ekéSersSPl i tters or

trains used alone or in conbination include one or nore of a demet hani zer,

preferably areifiiggratiqresyséanag o duld ais Hampressorsakaeckeidrans ompatapr opani zer, a
wash tower often rgftﬁrﬁ}gd to as a caustic wash tower and/or quench tower,
absor bers, HEBYHEPS ° Sbr anes, et hyl ene (C2) splitter, propylene (C3)
splitter and butene (C4) splitter. 15 Various recovery systens useful for
rgCovering olefin(s), such as ethylene,  propylene and/or butene, are

déscri bd@® i n U. S. Npatlenttingexamples of Bese (osvess sahmyns, snldtersemyaingiesedt r eam)

1S Fat et Doy bt 08, S O SO, B 7
6, 069, 288 ( hympegeuredeneitain)zer, \d dothaRixes atdedfopahize8f)4, w3838 tower often
l referred to as a caustic wash tower and/or quench tower, absorbers, adsorbers,
membranes, ethylene (C2) splitter, propylene (C3) splitter and butene (C4) splitter.
15
Various recovery systems useful for recovering olefin(s), such as ethylene,
propylene and/or butene, are described i U.S. Patent No. 5,960,643 (secondary
rich ethylene stream), U.S. Patent Nos. 5,019,143, 5,452,581 and 5,082,481
(membrane separations), U.S. Patent 5,672,197 (pressure dependent adsorbents),
20  U.S. Patent No. 6,069,288 (hydrogen removal), U.S. Patent No. 5,904,880
(~» (recovered methanol to hydrogen and carbon dioxide in one step), U.S. Patent No.
5,927,063 (recovered methanol to gas turbine power plant), and U.S. Patent No.
6,121,504 (direct product quench), U.S. Patent No. 6,121,503 (high purity olefins
without superfractionation), and U.S, Patent No. 6,293,998 (pressure swing

25  adsorption), which are all herein fully incorporated by reference.

Other recovery systems that include purification systems, for example for
the purification of olefin(s), are described in Kirk-Othmer Encyclopedia of
Chemical Technology, 4th Edition, Volume 9, John Wiley & Sons, 1996, pages

30  249-271 and 894-899, which is herein incorporated by reference. Purification

systems are also described in for example, U.S. Patent No. 6,271,428 (purification



(recovered nmethanol to hydrogen and carbon dioxide in one step), U S. Patent
No. 5,927,063 (recovered nethanol to gas turbine power plant), and U. S

Pat ent No. “ﬁ)?[i)%m%%z(d”eﬁ product quench), U S. Patent PN&Q{S%}{‘E”%#&?Q?’

(high purity o ins wthout superfractionation), and U. S

6, 293,998 (pressure swing 25 adsorption), which are all herein fully

i ncorporated by reference. Ot her recovery systens that include purification
systems, for exanple for the purificati @@ of olefin(s), are described in
Kirk-Q | mrer Encycl opedia of Chem cal Technol ogy, 4th Edition, Volunme 9,
John Wley & Sons, 1996, pages 30 249-271 and 894-899, which is herein

i ncor por at ed Bya dpfiefirehgdrocdtbbn Etreat)] OIS, Paeat MO56,29%,999 tepatateg i bed in for .
exanple, U S. Patent No. 6,271, 428 ﬁuri fication WD 2004/ 105942

PCT/ US2004/ 01pwpYlengdrage pEongney atd H-ShyalesbAppanstien MNoa 8y/080,363 fiteg ent  No.

6, 293, 999 (se ' o . Appl i cation
No- 007 689, 367 FLac: 2QPTREE SRl AR ORANGY cardtliin; iton s fin PR

catal yst), whimbraisichbdyetfdrenceicor porated by reference. 5 Generally
acconpanyi hg nost recovery systens is the production, generation or

accunul ation of additi onal products, by-products and/or contam nants al ong

with the preferred i 9%*"1% , F s, the |ight
ol efins, such as e'gﬁg}fﬂgﬁg%n pr%‘ﬁiﬁ%ﬁ%?&g&g{q%eg{gllﬁeﬁéwg% 10 for use

i n derivati vegergnatioaciractunguiatioc ef sikkticnat prodscteoh ypredugtatanddor pr ocesses.
Therefore, in the nost preferyed enpodinment of the recovery system the
recovery sys?%’ﬁméﬁtsiaﬁ%‘l&ﬂgéa%?FHEEFF?BQHG(%O‘%%QE © G eréféé’l’?’&?‘?e, the |ight
olefin(s) pr RAYGHE ¢ Qe 18 aRASBRANY o

pug-i fication @S}ggggnt ?Egltl ?%%%%’/gg l{hg\;ast%vel sngg?%-éﬁpr’gduc {s%glcl)% cont am nant s.
15" Non- | i 16 t i fog nexangdriostivé maonfaamring ptaressed stgh grmdyoeszation lposbessgener al |y

D oo e B i Bk SO Ao SRR B ) S S o0,
mercaptans,  gystem 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.
15
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 hydrogen sulfide, carbonyl sulfides and mercaptans,
ammonia and other nitrogen compounds, arsine, phosphine and chlorides. Other
20  contaminants or by-products include hydrogen and hydrocarbons such as

( acetylene, methyl acetylene, propadiene, butadiene and butyne.

Typically, in converting one or more oxygenates to olefin(s) having 2 or 3
carbon atoms, a minor amount hydrocarbons, particularly olefin(s), having 4 or
25  more carbon atoms is also produced. The amount of C4+ hydrocarbons is
normally less than 20 weight percent, such as less than 10 weight percent, for
example less than 5 weight percent, and particularly less than 2 weight percent,
based on the total weight of the effluent gas withdrawn from the process,
excluding water. Typically, therefore the recovery system may include one or

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



ammoni a and ot her nitrogen conpounds, arsine, phosphine and chlorides. O her
20 contam nants or by-products include hydrogen and hydrocarbons such as

acetyl ene, gRfhyl @6ptyl ene, propadi ene, butadi ene and but )f,g@ms'gx‘gﬂﬁ%ﬁy, in
converting one or nore oxygenates to olefin(s) having 2 or car bon at ons,

a mnor anount hydrocarbons, particularly olefin(s), having 4 or 25 nore
carbon atons is al so produced The anmount z?f C4+ hydrocarbons is normally
| ess than 20 wei ght percent, such as | ess>t han 10 wei ght percent, for
exanple less than 5 wei ght percent, and particularly |l ess than 2 weight
percent, based on the total weight of the effluent gas withdrawn fromthe
process, excl udi ng\lmtimitingrmm}dbsqf,swhe@aeﬁm eystdies arecleseibedsy$L8m may

i ncl ude one or ion s for con rtin e Ca+ urities to
useful pr oductP§ten 023{%5’%&@9&“ \é‘ﬁﬂtfg%b‘bﬁ?rﬁ‘ﬂﬁ ol %Ngﬁﬂq )mqgﬁg exanpl es
of such react ipgRnbXe! £/79431¢ (H6B&tahdatl thilerd-Soli frﬁé&w tD@n afly¥ne, 640
(converting a four carbon product into butene-1 S.. Patent No.

4,774,375 (i sehitlimng hhdP#ertdie- 2047, O%mnm@@on@farbmlhw)aﬂeﬁ Regend| i ne) ,

2, 257, 360 And Nes7438098% fud SBR AR S OWA P S r AR B b b Eher
ol efins wth eamhewit @xbsedRRtidundNBaRbeAREkiRG csaatschgmy&mg@my@s) u.S.
Pat ent No. 4,542, 252 %rml ti stage adi abati c process U. S. " Pat ent )

5, 634, 354 (oP@‘femrNhy poyen2 (mubistagy pdiahaiir m@gcgsﬁ)s 3. Pagenta¥o. S@rdoifelss for
U di C3, t
(gl)ggg)l ?gl mrl&%%ggr()% gclogzm ’(r:?nm anE(gp ih O%ﬂ%};?i"éy@’%‘ﬁdgﬁfe#\l{%ﬁ ene) ,

vvhl ch are all gh@ldsyoRgnriSireani3¢ Pep & @bQHVbMWeN@Ma(!l@@SL@iﬁleﬁﬁﬁ%@’rred l'i ght

ffl n(s) &Eoduced by any one of the processes described above are high
ity pritre eligameniang prapyianes betvine eadhpentilenc)s Phifheare 28 fully berpimunber
oI efin in an n 80 percent, such as greater than 90 wei ght
percent, suchﬁggwgtrr%tgég%ﬁlaéﬂ@& wei ght percent, for exanple at |east about
99 wei ght percent, based on the total weight of the olefin. In one practi cal
enbodi nent, the progess of the invention forns part of an
The preferred light olefin(s) produced by any one of the processes
described above are high purity prime olefin(s) products that contain a single
15  carbon number olefin in an amount greater than 80 percent, such as greater than
90 weight percent, such as greater than 95 weight percent, for example at least

about 99 weight percent, based on the total weight of the olefin.

In one practical embodiment, the process of the invention forms part of an
20  integrated process for producing light olefin(s) from a hydrocarbon feedstock,

( preferably a gaseous hydrocarbon feedstock, particularly methane and/or ethane.
The first step in the process is passing the gaseous feedstock, preferably in
combination with a water stream, to a syngas production zone to produce a
synthesis gas (syngas) stream, typically comprising carbon dioxide, carbon

25  monoxide and hydrogen. Syngas production is well known, and typical syngas
temperatures are in the range of from about 700°C to about 1200°C and syngas
pressures are in the range of from about 2 MPa to about 100 MPa. Synthesis gas
streams are produced from natural gas, petroleum liquids, and carbonaceous
materials such as coal, recycled plastic, municipal waste or any other organic

30  material. Preferably synthesis gas stream is produced via steam reforming of

natural gas.



20 integrated process for producing light olefin(s) froma hydrocarbon
feedstock, preferably a gaseous hydrocarbon feedstock, particularly nethane
and/ or et hape The first step in the process is passing t eous

f eedst ock, S’\(%?@?aﬁ?gﬂ&i n conbination with a water stream %%ﬁ%%g'ifﬁd%@z
production zone to produce a synthesis gas (syngas) stream typically
conpri sing carbon di oxide, carbon 25 nonoxi de and hydrogen. Syngas
production is well known, and typical syngas tenperatures are in the range
of from about 700C to about 1200C and syngas pressures are in the range of
fromabout 2 MPa to about 100 MPa. Synthesis gas streans are produced from

natural gas, petrol erqg hdx@lktef$n the Peoced IBOHRELOMRactBIURE bydtReshlab sRgarg0al ,
recycled plastic, nunicipal waste or any other organic 30 material.

Preferably syrgemexilly witls 2 beteeagenéasis sateligs éxpically seenper baskdcatahgt, 69 nat ur al
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containing stream often in conbination with water. In_one enbodinent, the

cont act i ng3st epors] Ihdedbedt 450°¢ enp e Paassire in e 1age ahgemabor HMP3 tabout
150C t o about aﬁggtq{ji@aa'pressure in the range 'of fromabout 5 MPa to about
10 MPa. Thi s oXygenate contai ning stream or crude nethanol, typically
contains the al cohol product and various other conponents such as ethers,
particularly 10 di nethyl ether, ketones, al dehydes, dissolved gases such as
hydrogen net hane, daHeFyesRete confpgng sticagent Clada maianobitypicatlyecosiajafenat e

cont ai ni ng SULEARE oS Y08s. R DAN0S oblh: bUELBEEHELIRT: iRALARRL L Passed

t hrough a wel " ' known “purification processes separation and
frhctionatoon Jdimethyrl &theg ketonss, aldehydes pdisivedenatesetnt aydiogen sietteasy for
exanpl e, commercial G ade A and AA 15 npet hanol. The oxygenate contai ni ng
stream or pur iR§PeR FdrRRIEogn i fichgilsThe axyeengis GosHaINg StfFath B or nore

diluents, can lﬁé?ﬁxﬂlol?ﬁn "l'ﬁcegre?e?rea chitodshafts f)zﬂss@d ﬁﬁ&?é,?lsaswell known
purification processes, distillation, separation and fractionation, resulting in a
purified oxygenate containing stream, for example, commercial Grade A and AA

15 methanol.

The oxygenate containing stream or purified oxygenate containing stream,
optionally with one or more diluents, can then be used as a feedstock in a process
to produce light olefin(s), such as ethylene and/or propylene. Non-limiting

20  examples of this integrated process are described in EP-B-0 933 345, which is
( herein fully incorporated by reference.

In another more fully integrated process, that optionally is combined with
the mtegrated processes described above, the olefin(s) produced are directed to, in
25 one embodimenf, one or more polymerization processes for producing various
polyolefins. (See for example U.S. Patenf Application Serial No. 09/615,376 filed
July 13, 2000, which is herein fully incorporated by reference.)

Polymerization processes include solution, gas phase, slurry phase and a
30  high pressure processes, or a combination thereof. Particularly preferred is a gas

phase or a slurry phase pelymerization of one or more olefin(s) at least one of



to produce light olefin(s), such as ethylene and/or propylene. Non-limting
20 exanples of this integrated process are described in EP-B-0 933 345,
which is i |1y incorporated by reference. In another nore ful

i ntegrat ed%‘?g@ggé‘%h% hat optionally is conbined with the '?%T’E@%"ﬁ‘l’%’&gly
processes described above, the olefin(s) produced are directed to, in 25
one enbodi nent, one or nore polynerization processes for producing various
pol yol efins. (See for exanple U S. Paten®®Application Serial No. 09/615, 376
filed July 13, 2000, which is herein fully incorporated by reference.)

Pol ynmeri zati on processes include solution, gas phase, slurry phase and a 30

hi gh pressur eyliith éegbRisne 6f prdpgleniti Tidse olyinieiAQAtbn pfogedseculidd y preferred is
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| east one of PADREwAtien Teblyst herrayspoluds anyonoor seempipgtion ef Behy| ene or
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that can include any one or-a conbl na al ysts
di scussed abeuslysHoae\ies Zieglee Nutef Philigd-tpes, neallcoeheé, anctaliaicat-ygiesandr e t he
Ziegler-Natta, Phillips-type, netall ocene, netall ocene-type and 5 advanced
pol yneri zat i @QV%‘&FQWE)F%?“Z&HBH rribysectnd mitwss therspfa preferred enbodi ment,
the integrated process conprises a process for polynerizing one or nore
olefin(s) in the presence of a polynerization catalyst systemin a

pol yneri zati on r edataqirefetrep eotbodenanghe intearaed podocseconmprixas atpsocetdfosher ei n
the one or nore ol efin(s) have heen made by converting an al cohol,

parti cul ar| y PRETMIFSIE ORSPIHYOLs Hefiuelindke picssnecod paoldverzghpp satalysh as

described a . r : i i i hase
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non- coor @ nat e e AP an ol Bt s B A ost
pref erabl y t peocassdndatdeasi sneadfithorbedias(s) is either ethylene or propylene, and
preferably the polymerization catalyst system is a supported metallocene catalyst
15  system. In this embodiment, the supported metallocene catalyst system comprises
a support, a metallocene or metallocene-type compound and an activator,

preferably the activator is a non-coordinating anion or alumoxane, or combination

thereof, and most preferably the activator is alumoxane.

20 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

25  polypropylene, and propylene random, block or impact copolymers.

IV.  Examples of the Hardened Molecular Sieve Catalyst
Various embodiments of this invention are described in greater detail with
reference to the following examples, which are intended to illustrate specific

30  embodiments within the overall scope of the invention as claimed.



20 The pol ynmers produced by the polynerization processes descri bed above
include linear | ow density polyethylene, elastoners, plastoners, high

density polygat n | ow density pol yethyl ene, poI ypr opyl
pol ypr opyl en‘)eé8 ﬁ@é@rﬁ&ﬁer s. The propyl ene based pol yners pr ole C/ggﬂ@mn[zﬁu

pol ynmeri zation processes include atactic pol ypropyl ene, isotactic

pol ypropyl ene, syndiotactic 25 pol ypropyl ene, and propyl ene random bl ock or
i npact copolynmers. W Exanples of the Haridened Mol ecul ar Si eve Cat al yst
Various enbodi nents of this invention are described in greater detail wth
reference to the follow ng exanples, which are intended to illustrate
specific 30 enpydivPhEsl wi thin the overall scope of the invention as
claimed. WO 20041105942 PCT/ US2004A1 12912 37 EXAMPLE-1 A slurry

contai ning 45 wt % sét YUTHANBEIEAL Tt pORe ¥R greparedDyming! lgﬁg&fadrl ed
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nmeasured at 2 he viscosity urry. was 2, 180 cent'i poi se at 24C,
whi ch 10 was nBasntifedAwictioa achr@mkgébmrgiWYDﬂ@mtét(h}ORangS anittBtes.pi ndl e at

10 RPM  EXAMP of the final roduc sl urry produced
in EXAVPLE-1 V\tg %ﬁ%%@ﬁogﬁé ﬁ@ghaﬁiaﬁr&ﬁ(?f % ﬁlid sty o gllyerg/‘:%perati ng in
a down spray ”Pl@é‘smétﬁét%"@ ivhgmscéétya&fqm aaﬁy%s@?m Rntiphlsdyt ey Rllich
conditions were as follows: rate, 40 g/mn; inlet tenperature, 350C

at omi zat i df pressueasur¢dwith aa‘?pxd0b&¢1d ié’rwgtasnefttrouﬁlag a@0%pindie 4tUI0|RRML t i ng.
Spray dried products were collected in a cyclone, and calcined in a nuffle
furnace at 650C in air for 2 hours. The cal cined sanples were tested for

attrition resigKxaMBLE2NCohpapdivep have an ARl of 0.59 wt% hr. The result is
shown 700g of the final product slurry produced in EXAMPLE-1 was spray dried
using a Yamato DL-41 spray dryer, operating in a down spray mode, using a 1 mm
15  atomization nozzle. Spray drying conditions were as follows: feed rate, 40 g/min;
inlet temperature, 350°C; atomtization pressure, 1bar; and carrier gas flow at 60%
of full setting. Spray dried products were collected in a cyclone, and calcined in a
muffle fumace at 650°C in air for 2 hours. The calcined samples were tested for
attrition resistance, and found to have an ARI of 0.59 wt%/hr. The result is shown

20  inthe Figure.

EXAMPLE-3
843.75 g of the spray dried catalyst used in EXAMPLE 1 were added to
656.25 g deionized water, and mixed at 600 RPM using a Yamato 4000D mixer
25  (Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes to
produce a slurry. The slurry was then mixed using a high-shear mixer, Yamato
L4RT-A (Yamato Scientific America Inc., Orangeburg, New York) at 6,000 RPM
for 10 minutes. To this shirry, 168.5 g of SAPO-34 molecular sieve was added,
then further mixing was carried out using the same procedure as outlined in
30 EXAMPLE-1. A composition made of 81.06 g of Reheis MicroDry aluminum
chlorohydrate (Reheis Chemical Inc., Berkeley Heights, New Jersey) and 118.84g



.20 in the Figure. EXAMPLE-3 843.75 g of the spray dried catalyst used in
EXAMPLE | were added to 656.25 g deionized water, and m xed at 600 RPM
using a Yamto 4000D m xer 25 (Yamato Scientific America | Lo Orangehur g,
“New Yor k) %Z%W'?ns'ﬁ?ut es to produce a slurry. The sl urryp\ﬁéuﬁzﬂ'&%’ﬁ?])?ed
usi ng a high-shear mxer, Yamato L4RT-A (Yamato Scientific America Inc.,
Orangeburg, New York) at 6,000 RPM for 10 minutes. To this slurry, 168.5 g
of SAPO- 34 nol ecul ar sieve was added, th®n further nixing was carried out
usi ng the sane procedure as outlined in 30 EXAMPLE-1. A conposition nmade of
81.06 g of Reheis McroDry alum num chlorohydrate (Reheis Chem cal Inc.

Ber kel ey Hei gift@ionhiRd WRES®YS thadddeliBarit'iriNe 2044 cheied it ¢ 12204/ 012912

33 of deionized water was then added, and further m xing carried out usi ng
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Engel hard
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EXAVPLE- 1. THiihé rhigsnd ¢@fed butaisingthé sphotitine 3k uf EXAMPLBINITigs 45 W %
sol i ds, of whi ch 75% was. spray_ dried product and 25% was, Vi rgl n SAPO 34
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had H |
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nmeasur ed at e VI SCOSI 0 uct slurry was 400
centi poi se atchMﬁ;ythe,cdndvtﬂ@ ReStitad grodutfslari Qade ebkédled of 4.9, mésonet er,
using a #3 spindle a EXAMPLE- 4 7009 f the final pr oduct sl urry

produced in BXANE:ED a\ﬂﬁgs@’ﬁ?falywdgffi‘édneﬁgﬁeﬁ ‘%nﬁlﬁ%"lﬁioslﬂ of thelinddr yer |
operating in Ip?ocﬂl@i"élu % 3’@@%%@61 4%%110&5&/@19593&1%8'%‘&1 pozzle. Spray

dgyi ng condi tions were as f rate /'mn et tenperature,
350C;, at Divi z &Broakfighd éb’sxus&mdtémnsm@m& cpindieent IQERSPNII ow at 60% of full
setting. Spray dried products were collected in a cyclone, and then cal ci ned
ina nuffle furnace at 650C in air for 2 hours. The cal ci ned sanples were

tested EXAMPLE-4
700g of the final product shurry produced in EXAMPLE-3 was spray dried
using a Yamato DL-41 spray dryer, operating in a down spray mode, using a 1 mm
15  atomization nozzle. Spray drying conditions were as follows: feed rate, 40 g/min;

inlet temperature, 350°C; atomization pressure, 1bar; and carrier gas flow at 60%
of full setting. Spray dried products were collected in a cyclone, and then calcined
in a muffle furnace at 650°C in air for 2 hours. The calcined samples were tested
for attrition resistance, and found to have an ARI of 0.36 wt%/hr. The result is

20  shown in the Figure.

EXAMPLE-5
562.5 g of the spray dried catalyst used in EXAMPLE 1 was added to
437.5g deionized water, and mixed at 600 RPM using a Yamato 4000D mixer
25  (Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes to form a
‘ slurry. The slurry was then mixed using a high-shear mixer, Yamato L4RT-A
(Yamato Scientific America Inc., Orangeburg, New York) at 6,000 RPM for 10
minutes. To this sturry, 337.0 g of SAPO-34 molecular sieve was added, and
further mixing was carried out using the same procedure as outlined in
30 EXAMPLE-1. To that slurry was added a composition made of 162.18 g of
Reheis MicroDry aluminum chlorohydrate (Reheis Chemical Inc., Berkeley



for attrition resistance, and found to have an ARl of 0.36 wt% hr. The
result is 20 shown in the Figure. EXAMPLE-S 562.5 g of the spray dried
catal yst us IB0FRMBELE 1 was added to 437.5g dei oni zed wa xed at
600 RPM usi ﬁ’goazﬁ‘\'(arrétg 4000D m xer 25 (Yamato Scientific Arr%ﬁ@ga[bgﬂém,)n
Orangeburg, New York) for 10 minutes to forma slurry. The slurry was then
m xed using a high-shear m xer, Yamato L4R]-A (Yamato Scientific Anmerica
Inc., Orangeburg, New York) at 6,000 RPM fr 10 ninutes. To this sl urry,
337.0 g of SAPO 34 nol ecul ar sieve was added, and further m xing was
carried out using the sane procedure as outlined in 30 EXAMPLE-1, To that
slurry was addHdightseblepolsrseypandiec®of dBaniddl yatef. FiRtiee mexidgorasDayriead um num

chl orohydrate (Rehei s Chemi cal Inc. .. Berk 0Q4/ 105 s
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EXAMPLE-1. Finally, 263.14g of kaolin ¢lay (Engel hard USP kaolin’clay,

Engel har d Cor patdatliang mixekising thesamgepstays useh s EXAMOLENd Thix egbulied inp t he
sanme routine used in, EXAVMPLE-1..This.resul ted i.n.a. 5. fi nal oduct slurry
cont ai ni ngg45 f}&%op%quic ?ngl‘:oﬁﬁfr%g gi)?%?é’a gf’rogﬁﬁly%siﬁfﬁ?e%w tf Wotecul ar
si eve and 50% GaEmblceillat §18vE /TS NF a8 fRm WelcBhibifiBPo?4irgiPE £POLFY Si eve,
al um num chl orohydrate, and clay. The final product slurry had a pH value

of 4.0, neasuriadlegulapgeye, ghaniaugedidorohydmte aighelay. cEhe feal puedust slunyd@d a The

viscosity of t tinal product sl ukl, 860 i poi se at 24C.  _which was
{36 measur ed R REBgEh RRASeT rACE, BBTa a0 s RY % Heabineiebsl" 10 rem
EXANPLE- 6 700gTie visdit) bhe a0 geisfucssittiry wap i 360 cestipdisdAMPE FyBichasass pr ay
drijed wusing a Yamato DL-41 spray dryer, operati ng in a down spray node,
using a 11fm measyredivisne Bseokderdd ¥ Vissemajergusingy 3 spinfieias A8 e as
follows: feed rate, 40 g/mn; inlet tenperature, 350C, atom zation pressure,
| bar; carrier gas flow at 60% of full setting. Spray dried products were
collected in &EXyMRIBS and calcined in a

700g of the final product shurry produced in EXAMPLE-5 was spray dried
using a Yamato DL-41 spray dryer, operating in a down spray mode, using a 1 mm
15  atomization nozzle. Spray drying conditions were as follows: feed rate, 40 g/min;
inlet temperature, 350°C; atomization pressure, 1bar; carrier gas flow at 60% of
full setting. Spray dried products were collected in a cyclone, and calcined in a
muffle furnace at 650°C in air for 2 hours. The calcined samples were tested for

attrition resistance, and found to have an ARI of 0.40 wt%/hr. The result is shown
20  inthe Figure.

EXAMPLE-7
281.25 g of the spray dried catalyst used in EXAMPLE 1 was added to
218.75 g deionized water, and mixed at 600 RPM using a Yamato 4000D mixer
25  (Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes to form a
slurry. The slurry was then mixed using a high-shear mixer, Yamato L4RT-A
(Yamato Scientific America Inc., Orangeburg, New York) at 6,000 RPM for 10
minutes. To this slurry, 505.0 g of SAPO-34 molecular sieve was added, and
further mixing was carried out using the same procedure as outlined in
30 EXAMPLE-1. To that shurry was added a composition made of 243.27 g of

Reheis MicroDry aluminum chlorohydrate (Reheis Chemical Inc., Berkeley



muffle furnace at 650C in air for 2 hours. The cal ci ned sanples were tested
for attrition resistance, and found to have an ARl of 0.40 wt% hr. The
result is shown 20 in the Figure. EXAMPLE-7 281.25 g of the s raY dried
catal yst us&OPHHEENDLE | was added to 218.75 g dei oni zed"%l]&”" A i xed
at 600 RPM using a Yamato 4000D m xer 25 (Yanlato Scientific Anerica Inc.,
Orangeburg, New York) for 10 mnutes to forma slurry. The slurry was then
m xed using a high-shear mxer, Yamato L4RU-A (Yalnato Scientific Anerica
Inc., Orangeburg, New York) at 6,000 RPMfor 10 mnutes. To this slurry,
505.0 g of SAPO 34 nol ecul ar sieve was added, and further m xing was
carried out usHeghishNeSIRCP) AETBY. 2 291 AtibhizBEGated. BlrtetARifz Was TO t hat
slurry was added a conposition made of 243.27 of Reheis McroDry al um num
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The vi scosi t y BPayghslumyrhad apkyakie of 4}, measirsd 2t 36, authe dpesiyel igheag/caac
whi ch was nea i £1el VESG i i e at
10, RPM EXANPEIE%QT%%Q%BF%&%%& 03}%%%‘? ?’sﬁfﬁudraﬁ f/l‘l%?o ucﬁ%@’ﬁﬁﬁk@?}m E-7
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spray node, usi nﬁﬁi’l\i nun atom zation nozzle. Spray drying conditions were:
feed rate, 40"(}]/1 i nl et

EXAMPLE-8
700g of the final product slurry produced in EXAMPLE-7 was spray dried

15  using a Yamato DL-41 spray dryer, operating in a down spray mode, using a 1 mm

atomization nozzle. Spray drying conditions were: feed rate, 40 g/min; inlet

temperature, 350°C; atormization pressure, 1bar; and carrier gas flow at 60% of

full setting. Spray dried products were collected in a cyclone, and calcined in a

muffle furnace at 650°C in air for 2 hours. The calcined samples were tested folr
20 attrition resistance, and found to have an ARI of 0.25 wt%/hr. The result is shown

( m the Figure.

EXAMPLE-9 (Comparative)
This example is similar to that of EXAMPLES 3, 5, and 7, except that no
25  spray dried product was contained in the final product slurry. A shurry containing
45 wt% solid (on calcined basis), 40% being SAPO-34, 10.6% Al;O;, and 49.4%
clay, was prepared by adding 2,988.93 g of a SAPO-34 filtercake to 1,703.84 g of
deionized water, and mixing at 1,500 RPM using a Yamato 4000D mixer (Yamato
Scientific America Inc., Orangeburg, New York) for 15 minutes. The shurry
30  further mixed by a high-shear treatment using a Silverson high shear LART-A
mixer at 6,000 RPM for 10 minutes (Slurry A). Slunry A had a pH value of 6.3,



tenperature, 350C, atom zation pressure, lbar; and carrier gas flow at 60%
of full setting. Spray dried products were collected in a cyclone, and

calcined in le furnace at 650C in air for 2 hours. The | ci ned
sanpl es mrﬁ%‘@é@fﬁ%r 20 ' attrition resistance, and fourf%Tl”gsazH'é‘(/’é”Hﬁ AR

of 0.25 % hr. The result is shown in the Figure. EXAVPLE-9 (Conparative)
This exanple is simlar to that of EXAMPLES 3, 5, and 7, except that no 25
spray dried product was contained in the fitnal product slurry. A slurry
containing 45 w% solid (on cal ci ned basis), 40% bei ng SAPO 34, 10.6%
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m xer (Yamato 10 Scientific America Inc., Oangeburg, New York) for 15
m hut es. THi s Shentifiy Amasrica Inen Gremgehurg, Mexeorlis ford SanSutese Thirslirrgwas hear

T e e S
U trafine kaolhiuehaihd HEAGEIH dakhe JEArDaicatiradat IPBE! ITo. thiYeWMrdewaedddedand the
slurry was constantly m xed at 250-400
2302.3 g of kaolin clay (Engelhard ASP Ultrafine kaolin clay, Engelhard
Corporation, Iselin, New Jersey), and the slurry was constantly mixed at 250-400
15 RPM, then further mixed at 1,500 RPM using a Yamato 4000D mixer (Yamato
Scientific America Inc., Orangeburg, New York) for 15 minutes. This slurry was
further mixed by a high-shear mixing step using a Silverson L4RT-A mixer at
6,000 RPM for 10 minutes. The solid content of this slurry was adjusted to 45%
solids by adding 283.97g of deionized water, then further mixed at 1,500 RPM for
20 15 minutes using the Yamato mixer. Subsequent high-shear mixing was then
( carried out using the Silverson mixer at 6,000 RPM for 10 minutes to form a final
product slurry. This final product slurry had a pH value of 3.8, measured at 36°C.
A final product slurry of 8,000 g was formed, which contained 45% solids (on
calcined basis). The solids were comprised of 40% SAPQO-34 molecular sieve,
25  10.6% alumina, and 49.4% clay. The final product slurry had a pH value of 4.34,
measured at 25°C; a density of 1.40 g/cc, measured at 23 °C; and a viscosity of

4,920 centipoise at 24°C, which was measured with a Brookfield LV viscometer,

using a #3 spindle at 10 RPM.



15 RPM then further m xed at 1,500 RPM using a Yamato 4000D m xer (Yanmato
Scientific America Inc., Oangeburg, New York) for 15 nminutes. This slurry
was furth i 2 a high-shear m xing step using a Sil P

m xer at 2?8286(%%ﬂ/|%0r 10 minutes. The solid content of t ?@@F‘E‘?@@&&
‘adj usted to 45% solids by adding 283.97g of deionized water, then further
m xed at 1,500 RPM for 20 15 m nutes usi ng the Yamato m xer. Subsequent

hi gh-shear m xing was then ¢ carried out "8sing the Silverson m xer at 6,000
RPM for 10 minutes to forma final product slurry. This final product
slurry had a pH value of 3.8, neasured at 36C. A final product slurry of
8, 000 g was f BXMPLERI CConparativeed 45% sol i ds (on cal ci ned basis). The

lid i 40% SAPO- 34 | | Si 0. 6% al ) , d
70 4ol oy FoaPt | 250k B wadwel megue R AR R AMPLE St iy diedd o
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centi poi se at 24T, was nedsured W th a Brookfi LV vi sconeter,
usi ng a #3 spatodiiztian nbezIRPRprapdr 20 ct1di0 68 cRCTddS2E@040 0020 Rilet42

EXAMPLE- 1Q. (Conpar ative) /50 of the final. product slurry prod d.in
EXANPLE. & s Pepeins, F05C Bt Haa i iats GiohY SHEERE ng 10 &
down spray g setiig Bprayl diddprodhQ8esd dRRAZE |a%8rcl§ﬁé,3a)ﬁd$%béiﬂlﬂ ig@ndi tions

were: feed rate, 40 g/ mn; |Onl_et_5 tenperature, 350C, atom zation pressure,
| bar; and carmufie famactlabGb QL ieadnlof 2 hpuis| Thetcelompd sSmpisp whre taftedrioduct s

were collected, i.n a _cyclone nd .cal ci ned, | f farnace. at. 650C in
air for 2 hou%g?uoﬁ{gs%tgpﬁ’ ﬁgﬁ?%%"gf‘ bng}éi{? 8@93?-' th)?/?u a%errieflﬁbﬁ sPR¥Pst ance,
and found to fakeraardR of 0.95 wt% hu. The result is shown in the Figure.
10 .Having now fully described this invention, it will be appreciated by
thbse ski%led in the art that the invention can be performed within a w de
range of = par amet epg b i 0k.dc e bk MRnadt, SPOM bESRALLEE ] 10REt Ne
spirit and scope o € I nvent on.

skilled in the art that the invention can be performed within a2 wide range of

parameters within what is claimed, without departing from the spint and scope of

the invention.



43 CLAIM5S 1. A method of maki ng a hardened nol ecul ar sieve catal yst
conposition, the nethod conprising the steps of a) m xing together
crystalline nol ecular sieve that has not been fornulated into a catalyst
conposition, liquid, and fornul ated nol ecul ar sieve catal yst that contains
tenplate material and one or nore of rix material and binder to forma
slurry of solids and liquid, wherein froml1l5 w %to 80 w % of the solids
in the slurry, based on total weight of solids in the slurry, is the
formul ated nol ecul ar sieve catalyst; b) drying the slurry; and c) cal cining
the dried IAIMY to formthe hardened nol ecul ar sieve catal yst conposition.
2. The nethod of claim1, wherein binder is included in the mxing of step
a) to formthe slurry. 3. The nmethod of claim2, wherein the binder is an
i nor gani c 1oxi d& method 4f mdltieg abéddeckbdafioleduddrxie3e cavblgsteiompbbidon nky gathod oxi de
sol is an alum.nascontaiping sol. 5. The nmethod of claim1l, wherein matrix
mat eri al F%’“P%‘T‘%@éﬁwi’?‘lo‘?he m xing of step a) to formthe slurry. 6. The
met hod of cl ai By mixindBERhe} criieal iR hbMcuTR! sfive Mat hds fdtB¥en formiIBR4IMbROd of
claim1l1, wherein the fornulated nol ecul ar sieve catalyst is in an anount
ef f ect i ve catalystsompasitian.dignisk anblomnulated mygleoplar sigvakapaly stihar cagjaian tenmpllatof  not
greater i Par@léllx{te 00 ke Hlprﬂgtriﬁ%a(f‘%r%?r%biﬁder-[g'?ormee} Ql?lq 81t ogildéa{arm ITquiAA’here' n
the formulated nolecdl ar &reve cata yst 1S 1n an anpum —erfectiverto forma
har dened mbketufram 1Siveiée te 8@ at Ysdf thasdlidg irathe Sltry ghasexbdn g atettht 4fsolitthan 0. 5
wt % hr upon C@I cining. 9. Tpe (get Pod. of claim8, wherein the fornul ated
mol ecul ar 5i1E WY At s fopmplated molepulas sig ¢ataly§tact i ve to form a har dened
nol ecul ar si eve) &ndli$ilufdvingg an ARl of not greater than 0.4 wt % hr upon
h

calcining. 10. The nethod of claim1, wherein from20 Wt %to 40 W % of the
solids in the €)]4akiging the dried slurry to form the hardened molecular sieve catalyst

composition.

2. The method of claim 1, wherein binder is included in the mixing of step a) to form the
slurry.

3. The method of claim 2, wherein the binder is an inorganic oxide sol.

4. The method of claim 3, wherein the inorganic oxide sol is an alumina-containing sol.
5. The method of claim 1, wherein matrix material is included in the mixing of step a) to

form the slurry.

6. The method of claim 5, wherein the matrix material is clay.

7. The method of claim 1, wherein the formulated molecular sieve catalyst is in an
amount effective to form a hardened molecular sieve catalyst having an API of not greater

than 0.6 wt %/hr upon calcining.

8. The method of claim 7, wherein the formulated molecular sieve catalyst is in an

amount effective to form a hardened molecular sieve catalyst having an ARI of not greater



based on total weight of solids in the slurry, is the formul ated nol ecul ar
sieve catalyst. 11. The nethod of claim 10, wherein from20 wt %to 30 wt %
of the solids in the slurry, based on total weight of solids in the slurry,
is the formul ated nol ecul ar sieve catalyst. 12. The nethod of claim1,
wherein the crystalline nol ecul ar si eve, ixed in step a) is selected from
the group consisting of SAPO- 5, SAPO 8, SAPO 11, SAPO 16, SAPO- 17, SAPO 18,
SAPO 20, SAPO 31, SAPO 34, SAPO 35, SAPO 36, SAPO 37, SAPO 40, SAPO-41,
SAPG 42, SAPO- 44, SAPO 47, SAPO 56, ALPO-5, ALPO 11, ALPO 18, ALPO 3 1,
ALPO 34, HaP@-338t Yol REBIalcidinPO- 46, netal cont ai ni ng nol ecul ar si eves
thereof, and m xtures thereof. 13. The nethod of claim11, wherein the
formul ated nol ecul ar sieve catalyst mxed in step a) contains nol ecul ar

si eve sel ect edThe methbdef aidp, witsisih e BEm@hteSARMcRlar SR BalysoA@Pan11,

SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO- 34, SAPO- 35, SAPO 36,
SAPO- 37, R gHectiygpeform a kgagened molosuiapysigve catglysbhaving snABI gEnotgrestsrs
ALPO-1 1, 43k BQ@ d8thp&h &aidininl PO- 34, ALPO-36, ALPO-37, ALPO 46, met al

cont ai ni ng nol ecul ar Sieves thereof, and m xtures thereof.

10.  The method of claim 1, wherein from 20 wt % to 40 wt % of the solids in the slurry,

based on total weight of solids in the slurry, is the formulated molecular sieve catalyst.

11. The method of claim 10, wherein from 20 wt % to 30 wt % of the solids in the slurry,

based on total weight of solids in the slurry, is the formulated molecular sieve catalyst.

12.  The method of claim 1, wherein the crystalline molecular sieve mixed in step a) is
selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-16, SAPO-17,
SAPO-18, SAPO-20, SAPO-31, SAPQO-34, SAPO-35, SAPO-36, SAPO-37, SAPO-40,
SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, ALPO-5, ALPO-11, ALPO-18,
ALPO-31, ALPO-34, ALPO-36, ALPO-37, ALPO-46, metal containing molecular sieves

thereof, and mixtures thereof.

13.  The method of claim 1, wherein the formulated molecular sieve catalyst mixed in step
a) contains molecular sieve selected from the group consisting of SAPO-5, SAPO-8, SAPO-
11, SAPO-16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56, ALPO-5,
ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, ALPO-46, metal

containing molecular sieves thereof, and mixtures thereof.





