WO 03/ 068395 PCT/ US02/ 34085 1 METHOD OF MAKI NG MOLECULAR SI EVE CATALYST
Field of the Invention [0001] This invention relates to a nethod of mnaking
nol ecul arweioewes3dtat al yst. In particular, this invention relratse34085 a

met hod of maki ng nol ecul ar sieve catal yst fromdried nol ecul ar sieve

catal yst particles. Background of the Invention [0002] A nolecular sieve is
generally a m croporous structure conposed of either crystalline

alum nosilicate, belonging to a class of materials known as zeolites, or

crystal line al uni MBISEPD DEMARING MOIRECUIAR SIEvRat ATanaapesphat es.
Mol ecul ar sieves can be nade by hydrothermal crystallization froma

reaction mxture conprising reactive sources of silicon and/or alum num

and/ or  phosphQaQtehERNVEeAS, N9 conpounds, usually in the presence of one or
several organic amne or quaternary anmonium salt as structure directing

agent, also [60d\n asThmripieation rdl@60B)a tvbithed uf makisp @vdeaddraieyst s are
conposi tions r .sieve articles bound together to form

made aof ol ecul
particles | atc_@tég’SE' ﬁﬁr?aft}?élf%_ﬁ@dﬁ‘fe&?lo’éf {fes tompidA ﬁf%l.akmﬁénqu?ﬂué?_&ul ar sieve
catal yst par kie¢h 85ty réth 30ed BB HeDEEatalg QAPAANGAL S such as Dbi nders,

fillers, like clay, "and optionally other catalyti cally active agents such
as rare eart Bankgratndoftiefyventiemsi ti on netal oxi des, or noble netal

conmponent s. 4] Conventignal. met hods .of nmaki ng nol ecul ar si ev at al yst
particles OB o g RS BigieE |aa¥11°§%§%usa%°%¥wé?leoss§0ﬁell as
ot her opti ongltherGPPRARSNAIEmSENICAS, Eéléd%ﬁfﬂi totH asR P BlatG Al AlnblnGscomponent s.
The m xture is typi ca:%t!aﬁ stirred in solution to forma slurry, and the

slurry is drizeelitess of eystallipe labsminephosplaies, enerastglsine plicodlumawphdsphitesi ng

drying, the i | ci ned ar den .well .as activate, the

catal yst par m%}éeug%res?ﬂg%gﬂnc%or a%%aYn}&%é?tﬁ?f{B‘%ﬁYé@%ﬁ%@W’i HECU et hod f or
maki ng ol eguik@re Soreprsinpadeadtit@tsourteoMitidoadnioe bludesuth hed/st eps of m xing
t oget her a | ecul ar sieve and an alum na _sol, the alum na sol being nmade

in sol ution RALSPLAIISCARtABEZRomPopRfisppsually én thg presgrcerabongoeseveral hen spray

dried and Calofgaﬂﬁzdami}gg' Br quaternary ammonium salt as structure directing agent, also

known as template.

[0003] 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
metal components.

[0004] 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 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.

[0005] For example, WO 99/21651 describes a method for making
molecular sieve catalyst. The method includes the steps of mixing together a
molecular sieve and an alumina sol, the alumina sol being made in solution and
maintained at a pH of 2 to 10. The mixture is then spray dried and calcined. The

calcined product is reported to be relatively hard, i.e., attrition resistant.



cal cined product is reported to be relatively hard, i.e., attrition

resi stant. WO 03/068395 PCT/ US02/ 34085 2 [0006] U.S. Patent No. 6,153,552
descri beswanawbts3ps net hod for making nol ecul ar sieve cat alPggtusoynmwstat al yst
is made by m xing together a silicon containing oxide sol as. a binder
material and a nol ecul ar sieve materialy The pH of the mxture is adjusted
prior to spray drying. Follow ng spray drying, the catalyst nmaterial is
calcined to forma finished catal yst product, which is reported to be
relatively hg@ode] i.e. US&P&téhttN@fB I8 59t RBdribel 0K ¥ thoéd fbr hkidgnuf act ure
of nol ecul ar sieve cataly cat al yst particles can be made which have
undesi r abl e Pelspalar pigee %ﬁtaghﬁﬁ%iélﬁ’ﬁtrl&maée bymlxmgé@getheéglssltcance properties
or undesirable.. [ uch
cat al'yat party ik oRldR o2l G BhARHh AT an ek v SRER TR s

for the cat abfithe n‘pﬂnutd is béjsisted ptier toapryufraiat U Felowingspey Glrddg SRe as to
provi de (}%éal’tl es which are acceptahle to the user or manufacturer.

Summary of t FAlY Hheriab is § tofpng a finipbed sty geedugt svhichviseensateflor maki ng

mol ecul ar sigvR rel%ﬁ(ré}#}ﬁﬁxtd par hihi o?lsre§1§t9ﬂ‘9 catal yst particles which have
certain undesirable propeftiés. In essence, this invention provides for

t he remanuf a@d07]i ng dpunirecthe knangfaoﬁurer ef mnkecﬂamyewfcatmysewiagrst pdrgvles cat al yst
to provide properti ar ptable to . the ser manuf act ur er.
[0009] In onéh %frr%}\?grwhﬁ ef?l@ E’rRWP‘HE%F %‘C]Préi siggb %Wtﬁﬁ‘ mol ecul ar

si eve cat al ygkisnasd lblﬁb&’ﬁes &qmaéélﬁdbf%a?ﬂcl@ﬁﬁé’ beY @ﬂw@ Rufhef g 1 d nol ecul ar
sieve catalyst; b) conbining the first dried ng | ecul ar sieve catalyst with

water to fordiseardingseshaatalyst pstltw]@&rtbwsuldlb@rbenﬁ)cwhta fing atnreghodetherr - cat al yst

tion tp f | to f ticles of
 sboond ari A aPElG ekl St PR e dE o iR bR e SBa et -

there is pr Wbﬁ@deﬁwﬁﬁhfamac@épté@w&ﬂhbmlgerfmh%ufa@furersl eve catal yst partl cles
havi ng undesired properties, conprising (i) mXxing a conposition conprising

nol ecul ar si eve, binder and water;
Summary of the Invention

[0008] This invention provides a method for making molecular sieve
catalyst particles from catalyst particles which have certain undesirable properties.
In essence, this invention provides for the remanufacturing or recycling or re-
working of molecular sieve catalyst to provide properties which are acceptable to
the user or manufacturer.
[0009] -+ Inone embodiment, there is provided a method of making molecular
sieve catalyst particles, comprising

a) providing a first dried molecular sieve catalyst;

b) combining the first dried molecular sieve catalyst with water to form a
water-catalyst composition;

¢) mixing the water-catalyst composition to form a slurry; and

d) drying the slurry to form particles of a second dried molecular sieve

catalyst.

[0010] In another embodiment, there is provided a method of recycling molecular
sieve catalyst particles having undesired properties, comprising
(1) mixing a composition comprising molecular sieve, binder and water;

(ii) drying the composition to form a first dried molecular sieve catalyst;



(i1) drying the conposition to forma first dried nol ecular sieve catal yst;
WO 03/068395 PCT/ US02/ 34085 3 (iii) conbining at |east a portion of the
first driwoosobsseul ar sieve catalyst wth water to form &CEAtSe?/348% al yst
conposition; (iv) mxing the water-catal yst conposition to forma slurry;
(v) drying the slurry to formparticlessof a second dried nol ecul ar sieve
catalyst. [0011] In yet another enbodi nent, there is provided a nethod of
maki ng a nol ecul ar sieve catal yst conposition, conprising: providing first

dried nol ecul ar ailwanaﬁh@ 2 $dastApdrti6n 66the WG deled nidMeeuldr kiebe BhthSe:
nol ecul ar sieve catal yst particles vyield, upon calcining, a calcined

mol ecul ar si ®ith vaderpo $om @Wamwmfiblsm%moéﬂloﬁlhan 5w %catal yst particles
havi ng an average rtl C r to 250 m crons;
Y ) %’F %%eqlfa%;eéa?a{lysq ? ggl‘il(t}lb 811 a%ﬂlr%l St

conbi ning the dr| ar Sieve Prerés water to form

a slurry; and dry{waryihe tisd mwtd@nﬁ@amclda@fmémdldaedsncﬁébala@aie&éyst
conposi tion. [0012] In all enbodi nents of the invention, it is preferred

t hat the wat é#taY%ml ned with the fi rst dried nol ecul ar sieve cat aI yst

conpri ses at z%@ﬁf] e I
nmol ecul ar 5| ];S)art:smlt/ frern‘?d%ﬁ tﬁer%‘f? }g?ﬁ:eg%r%&la&{s@@ng | aI |y
neutral pH pmod)srcula@ smm‘natﬂystg:ovxnpbIsmbin,e:odrﬁrledlgnpﬂoeﬁhnh@ﬁrst Smc&i/mdeamlai yst

particles. [0013] The first i ed |.ecul .ar ve catal yst may
uncal ci ned aﬁ‘ﬁ"‘h‘é?;}a ystmgli%nwﬁﬁrﬁw ﬁﬁr%ﬁeeqlrgw P siepy at@wamavw Fhe

tenpl ate rra;{efeuda bidcai&h ﬁ%t ggaltlaemoﬁéaalaggﬁu@c&mm&d Hagu% gridilsShily! am ne,

cycl ohexyl a | perid di propyl am ne, pyridine, isopropylam ne,
t et raet hyl amvorb oaelyst pat;lclemhhvmg anaylememhﬂmkimam@t@ﬁgne]atet than or pquet er r ed

that the fir ried nol ecul ar ve, C st. and xed so to

br oak. apar t | T HRIEFFET BN B EHEe Fsnol P G ST APl ST SP ot
[0015] A sl ufd porhs d@fyTRdd d%ﬁﬁ%(ﬁfe%hﬁ& 10 @Yini thenMb&aSfidvé cafalyfst om 100 cP to
9, 000 cP neasured using a Brookfield LV-DVE visconeter witha No. 3 spindle

at 10 rpm ape@mpossiyin. ds content of from10 wt %to 75 wt % [0016] The

slurry is t hﬁﬂ)lgfl ed 1O alfembo ﬁts 8%&‘1% 1nven?or§e{:’g gefgrrefglaml Gt l ar

combined with the first dried molecular sieve catalyst comprises at least 95wt%
water and/or is substantially free of any molecular sieve particle. Preferably, the
water is at a substantially neutral pH prior to combining with the dried molecular
sieve catalyst particles.

[0013] The first dried molecular sieve catalyst may be uncalcined and may
thus contain template material. Preferably, the template material is selected from
the group consisting of triethylamine, cyclohexylamine, piperidine,
dipropylamine, pyridine, isopropylamine, tetraethyl ammonium salts, and
mixtures thereof.

[0014] It is preferred that the first dried molecular sieve catalyst and water
be mixed so to break apart the particles of the first dried molecular sieve catalyst.
[0015] A slurry is formed, preferably having a viscosity of from 100 cP to
9,000 cP measured using a Brookfield LV-DVE viscometer with a No. 3 spindle
at 10 rpm, and a solids content of from 10 wt % to 75 wt %.

[0016] The slurry is then dried to form particles of a second dried molecular
sieve catalyst. Preferably drying is by spray drying.

[0017] The particles of the second dried molecular sieve catalyst may be

submitted to calcination. Preferably, the molecular sieve catalyst particles



sieve catalyst. Preferably drying is by spray drying. [0017] The particles

of the second dried nol ecular sieve catalyst may be submtted to

cal ci nat iwn.03@6s3p®r abl y, the nol ecul ar sieve catal yst par PCEIUS82/54085

03/ 068395 PCT/ US02/ 34085 4 obtained in e) have an EMARI of not greater

than 1 w % hr, preferably not greater 4han 0.7 wt % hr, nost preferably

not greater than 0.3 w % hr, and/or have a particle size such that 50 %

of the particles have a dianeter |arger than 30 gmand snaller than 150

gm [0018] Tiebtdinadsin eflhinechnrVIdRilodnosgreater thai akyt%/hpIRéRFaab) dotcoNpri ses a
nore preferably selected fromthe

m. . i Py
er thoal:gnmsin %?‘?haﬁ%qg% @K%"/? u‘%ﬁb@ nglmptﬂrﬁst,er HapO. it YdpPods, ALPO 18
and  ALPO- 34 hateh hrtieRMA LR thal’Dh OF s B ptiEle atd PG Rk ter ?d}ger{{illaﬁ} es

thereof, even nore preferably selected Tromthe group consrsting of SAPO
18, SAPO 34, unpppizmales hgnASPENLS, netal containing nol ecul ar si eves

! fol h di the first dried
o ecul ar - oi d0Lat o et BRE 3851 molkelRe HeSh s e ar e by of
si |i coal uni nphﬁsﬂhﬁﬁ@mmﬁwraae&mx/seesvehﬁ»sfer&efé%éy %‘;c’c&{ {r@mﬁf? ofigt | on of

CHA and AEl franmework type. [0019] The tfirst drie ecul'ar sieve catal yst
may al so confPRrYgIng %i%'l&s%‘}x%‘ét%dsﬁl’@rﬁi RAPGN-641 5 ARDS6SALRO- 1 arily dr at ed

i ili i horgani ¢ oxide.sol and/or_a fjiller
el actan fromidio- Bl cdiihe nlAEAHRHete R 300 pr GhGentt p¥Bns and

m xtures t heneot pref@aPselEited AOASEB Eriup\contika @ﬁ@l;@?%?%&?o%%, a gg' ci ned
nol ecul ar si ta composi tion conprising catalyst parti s,
wherein the mé?-%ﬁn%éﬁ el & dnetalgopginipgmaleculabsicvasdbiereef, emd mintaes on, have
an EMARI of egualr & addiRs e%ﬁ@in%n{%e ik Blied 19151%%&1%%?1'8% (%aﬁaz%jés? % 9661? Wth

% hr. [0021] The nol ecul ar sieve catalysts prepar _ t he
present i nvéomitba garp cossfting afaflidoglshsnflhosplidkemoover sk matingeedst ocks

the | nventi ogHBaS o e N HUBREF GRLDABL LG HeHePHoEeT or making. mol ecul ar
sieve catal yuopartithesrst &1 KBlbAG: éi@ve%&%hia?r&% c%&p?@gg bitlad@ @ first
dried selected from the group consisting of hydrated alumina, silicas, and/or other

inorganic oxide sol and/or a filler selected from the group consisting of clays,

clay-type compositions and mixtures thereof,

[0020] The present invention also relates to a calcined molecular sieve

catalyst composition comprising catalyst particles, wherein the catalyst particles,

after being submitted to calcination, have an EMARI of equal or less than 0.7wt

%/hr, preferably less than 0.3 wt %/hr.

[0021] The molecular sieve catalysts prepared by the method of the present

invention are useful catalysts for the conversion of feedstocks comprising at least

one oxygenate into olefins.

Detailed Description of the Invention

[0022] This invention provides a method for making molecular sieve
catalyst particles. The method is accomplished by combining a first dried
molecular sieve catalyst with water to make a water-catalyst composition, making
a slurry from the water-catalyst composition, and drying the slurry to produce a
second dried molecular sieve catalyst. The method particularly provides for the

re-manufacturing, recycling or re-working of dried or substantially dried, or



nmol ecul ar sieve catalyst with water to make a water-catal yst conposition,
making a slurry fromthe water-catal yst conposition, and drying the slurry
t o producwoas/inesgdnd dried nol ecul ar sieve catal yst. The merhusd2/34085
particularly provides for the re-manufacturing, recycling or re-working of
dried or substantially dried, or WO 03/@68395 PCT/ US02/34085 5 partially
dried nol ecul ar sieve catalysts to yield catalyst particles with properties
that are acceptable to the user or manufacturer. Such properties are

usual |y obspgaiely afiéEmoldiglatisibedcam el AeldThRURt patisley Shthiptorfei&i ned.
These pr opert| es include acceptable particle size, particle size

di st ri but i onthapaierredpéablietoshe yser spmanplapture) Suﬂapr@n@@gs ae0®edly According to
o er "ot 0O Bsekid ot e el SALIARNE I BLa Rt SUE oSREBLY PhoderoeOfR! N ¥ 11

water to forma water-catalys the first
dri ed nol eculmeiudsiaescptable satitle lﬁd pastics §1Qélﬂisﬁiﬂu&ioﬂ,tp’a€tldwﬂﬁfsﬂy tdgt is, water
conprising at I ea (gngt % wat er, pref erably at |east 97 wt % water, nore
preferably apatf 319 SSmt % wat er. The water may optionally contain |ess

than,5 w% m er ag}xé{cdrﬁﬁg td {h@@n\%n%rﬁth@flgt H}?%demgf {11?1{ ably. éﬁ?s% 4 han

2wt % ot her Non=l'i mting exanples of suc npoun ficl ude
al cohol s, abcnmlbmctbw;lth@mterrts foret mgzaer-csta]ys'sconqmismimheTlﬁmwthﬂazitBSvhléhxl des,

hydr oxi des, acids,, . hases, .water hl e p mer Preferably, though, the
wat er shoul d&‘éﬁftﬁrﬁgé%ﬁe‘fql?rtsfeé(eé%c %?dd?éssﬁml%l 18 Haters Bafds, V&%?Fponent s.
I any event colfiidhie Ikt WEWON waldiSortict By ILRHO TR iheve composi ti on

is conbind is essen%lally free of any nol ecular sieve particle, i.e. the
wat er - cont ai prsfardds at least 98 wib9svator. e"Elu,ﬁ watesmayeptlor{adl@241]1tain1e$sdhzi1115" ng the

first dried ecu t al, wi th wat er of addition is
not critical wﬁ"h@e Fa}bg ea?ﬁ@ﬂ%ﬁﬁ/é ﬁa}or%P’ée @3{1‘35?5\?5‘ v BT added to

wat er, wat ercaiyoud@s.aNgRdintifing BentpléSdf sUER &Qn}fﬂﬂn@§ﬁicﬁfde%lc%}i§lscat al yst or

wat er and the first dried nolecualr sieve catalyst bn}?a/ be conbi ned

si nul aneous| §ide Y[dewgt]ersrﬁ@emawétﬁr@atbéﬁ wbor@tmp@@dqs; rexideseids.par ti cl es of
e oot s b, JRLSGHR R RYS, SRS ANT, MR (BIOBRks Of et

conponent s rray wat'er-c ver, the
wat er - cat al yBﬂtlee@ mmsblé bﬁsuch@ddmanﬂmm@o@édw rinral e Cett awatsi ﬁiﬂ@w&ﬁ'@n t hat
originally p a rieflrst dried rmlecular sieve_ catal yst. The
process of ti ?é]§1§ Eqlerpisiey compesiiipT is pmbmddpessentially free of any

molecular sieve particle, i.e. the water contains less than 1 wt% molecular sieve.
[0024] In combining the first dried molecular sieve catalysts with water, the
order of addition is not critical. The first dried molecular sieve catalyst may be
added to water, water may be added to the first dried molecular sieve catalyst or
water and the first dried molecualr sieve catalyst may be combined simulaneously.
[0025] The water-catalyst composition contains particles of the first dried
molecular sieve catalyst and water. Optionally, other components may be added
to the water-catalyst composition. However, the water-catalyst composition
contains no other molecular sieve than that originally present in the first dried
molecular sieve catalyst. The process of the present invention thus differs from
other catalyst recycling processes in which the recycled molecular sieve catalyst
particles are mixed with a slurry containing additional molecular sieve. In such
processes, the water-catalyst composition formed during the recycling process
contains additional molecular sieve, i.e. molecular sieve that was not originally

present in the recycled catalyst particles.



ot her catal yst recycling processes in which the recycl ed nol ecul ar sieve
catalyst particles are mxed with a slurry containing additional nolecular
si eve. | rwewakes3ps ocesses, the water-catal yst conpositi onPCaorused3«8s i ng t he
recycling process contains additional nolecular sieve, i.e. nolecular
sieve that was not originally present gn the recycled catalyst particles.
WO 03/ 068395 PCT/ US02/ 34085 6 [0026] The first dried nol ecul ar sieve

catal yst is nade of catalyst particles which contain nolecular sieve
particl es bomodel ogettigs fisoddcdrmvleailad yiste damyst il Bsde JfRBQABIst pdasled he

i ndi vi dual no| ecul ar  si eve particles. The nolecul ar sieve catal yst
particles cahighsentafcmolgenlat Heve rastiglesavng tegether sosform) cptalyst partikles cl ay, and
ot her cat al ¥t b e I u ..[ 0027]
The firet dr it S Ahebiv G HER e O, FRARLEhTRb R HRR AR

unsui t abl e fgartitlescamdlenidelidesther déirpguieaSenth asidsns, ilide chypmddaBera nmet hod

al | owi ng t02%§§ clegpor re-moég such undesired nupl ecul ar sieve catalyst to

produce new € teg agraiscior gkyrupleymgtahepmpandssi red properties. [0028]
For purposespghrt hi s tivest 48 maet a5 S8 t ] to form
t he nDIecuIaL s?%ve cat a ysf has been éub%%%iﬁﬁ?ﬂﬁﬁ%%%éﬁﬁggn%%ﬁfng or
form ng uni tuisuitatiadomtstintordad wal dheeckserDinwedtiah povideansndthat allwtvihgast a

portion of the |liquid used during.the nufacture, also referred to as
fornulation[md?qué°r3§W8ﬁy?F_HQ@%HQEHmﬂgW@ﬁéﬁYeWﬁ@?ﬂé?ﬁﬂﬂh%ﬁn?ﬁe i nvention
can be used WhlclulaPBLRCHHAYst ShAUE AR Erop@tResi ti ons from which the
liquid used for manufacture has been partially, substantially or totally
renoved. ‘[ OOWORSIAf t erFasputpodesydfiilyis inveatiom|deicd nzpans thet/de meytust usetl ta ont ai n

he. ol ecul o R TP HELE TR B BSR4 st a0l p g does not

i ncl ude cal copdidgQihit butAhChdideérDtnltifed SHAE A18d hkads AR Ukl DFbrRbP6Lss t hat
takes place at a higher  tenperature than that of a drying process. The

cal ci nati on Hedeislused dadngihg sranufpcere kgl roterrgd thes formuletien ofthean

oxygen- cont al_n| t gpqg t out 900C,
preferably ?‘lfagél %t})lg%tﬁe%g%o%o ‘a éﬁieﬂﬁoggtﬂ%g%%rcggg’gg?%ad?g@‘l?y from about
300C t o aboutoROGE: sip@OSMlyst compostiorsdrahe txdiidh the lindidtubet foa nehifdtupm| ecul ar

sieve catal yst has . .
yhas been partially, substantially or totally removed.

[0029] After such drying, the molecular sieve may still contain structure
directing molecules (templates) used during the preparation of the molecular
sieve. As used in the present description, drying does not include calcination.
Calcination is essentially a combustion process that takes place at a higher
temperature than that of a drying process. The calcination process takes place
preferably in the presence of an oxygen-containing gas at a temperature from
about 200°C to about 900°C, preferably from about 250°C to about 850°C, and
more preferably from about 300°C to about 800°C.

[0030] In order to determine whether a dried molecular sieve catalyst has
acceptable or unacceptable properties, it is usually necessary to calcine a portion
of the molecular sieve catalyst to determine one or more properties. If the portion
of calcined catalyst demonstrates one or more undesirable properties, the dried,
but uncalcined, remaining portion of the catalyst is combined with water to form a
water-catalyst composition. The water-catalyst composition is mixed to from a
slurry. The slurry is then dried to form the so-called second catalyst particles. A

sample of this material can then be calcined and re-tested for the desired



accept abl e or unacceptabl e properties, it is usually necessary to calcine a
portion of the nolecular sieve catalyst to determ ne one or nore
properti e80 Boet3be portion of cal cined catal yst denonstr&CeaiSons08F nore
undesirabl e properties, the dried, but uncalcined, remaining portion of
the catalyst is conbined with water to forma water-catalyst conposition
The water-catal yst conposition is mxed to froma slurry. The slurry is
then dried to formthe so-called second catal yst particles. A sanple of

this materi alropétied. N€Mhdrskel piop&ticdnd atkiel @B g thofenidilcdesineed WO
03/ 068395 PCT/ US02/34085 7 properties. If the desired properties are

achi eved, t Heponddiqdeetalyitigay e calsiredsid devitedd AT enp waneiepsapertieg abe cal ci ned,
if desired. Ji i j el i.ev he process
steps are r e%lfélal egc}g%\{equ{hg&? (;;cs sg%%ﬂg?a;e fégg%tleighélesgﬁﬁ%ggﬁ{a}re gmggﬁslugt@ed, and

t he remai ndedre afhieiedeshdtht adrysindes afi diibd cathlgstaah ¢honesd, caldinddeFidesiegbd. The

i nvention is_thus ext r,etrﬁllfé/ useful to nonitor and optim ze catal yst

0P|
manuf act ur i nESPETELEdS winenpely gsefpl temionand opfimiza gatalysent i on, t he

first dried rg% g Slof Sge(,:fhcat alyst contains tenplate material. Tenplate
materials, often also called structure directing agents, are chem cal

conpounds whi0@Bl]ar e Used embodimieat dfthe trveatiod, thaBrst dnddemuleanlassiexwes. Duri ng
the formation of the nolecyl ar sieyes, crystal line tructure is forned
whi ch _essent‘iaéq?}’ssi}c tﬁ‘fi‘é teﬂlﬂﬁtﬁ&wﬁ?{@\ﬁt iﬁ"ﬁ?’]ﬁ Aigrials; offen q?@@gfélﬁfﬁém{r@_rrpl ate
may still bejiRic8seRdentd) atetBemidabborfpdiuldls GRALA X8 hisedGOTRRE kild &’?staﬂihew' N
eventual |y be renbved fromthe second dried catalyst conmposition to forma

final catal ynolecdapoeiesi buripg tuformatitmeofiteeyplotecular sievasypewyatalliner emoved by
cal cination Kol teherf che 'ﬁ,a% rocess such asdf}‘rr‘lr el u Le;)n tt‘yﬁe process,

whi ch | eaves BENT N A VAT V50 FEEAY MARF #1791 éell??@ B %e structure.
The pore syq0e32]i s gemgréhpiiterBdieslienk proseasithe ififdt daied ¥ahighd i ne pore
system [0033] Representative tenplates which can be inclfuded in the first
dried cat alSpstropision; & edl qvaeiugiiiebe wmoyed hipm hawesond drisdratalyst
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is ggr opyl ami mgges%ézﬂgé}egﬁws%g yﬁll\ﬁlﬁt. porg system WlthPl’l t%e crystalline s?r)lllcture.

The pore system is generally referred to as an intracrystalline pore system.

[0033] 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, isopropylamine
and combinations thereof. Preferred templates are triethylamine,
cyclohexylamine, piperidine, pyridine, isopropylamine, tetracthyl ammonium
salts, dipropylamine, and mixtures thereof. The tetraethylammonium salts include
tetraethyl ammonium hydroxide (TEAOH), tetraethyl ammonium phosphate,
tetraethyl ammonium fluoride, tetraethyl ammonium bromide, tetraethyl
ammonium chloride, tetraethyl ammonium acetate.

[0034] The first dried molecular sieve catalyst used to make the catalysts of
this invention can include any of a variety of molecular sieve components. The
components include zeolites or non-zeolites, preferably non-zeolites. In one
embodiment, the molecular sieves are small pore non-zeolite molecular sieves

having an average pore size of less than about 5 angstroms, preferably an average



salts, dipropylamne, and m xtures thereof. The tetraethyl amonium salts
i nclude tetraethyl ammoni um hydroxi de (TEACH), tetraethyl ammoni um
phosphat ewO oB@6s3aet hyl ammoni um fl uori de, tetraethyl amromcComsbr/smwsdie,
tetraethyl ammonium chloride, tetraethyl anmoni um acetate. [0034] The
first dried nolecular sieve catalyst usgd to make the catalysts of this
i nvention can include any of a variety of nolecular sieve conponents. The
conponents include zeolites or non-zeolites, preferably non-zeolites. In

one enbodi npéit sizk hengify fomlabbuts] BVEE gt EemS Mbre ppefebOfoE 8 fot42 nol ecul ar
sieves having an average pore size of |ess than about 5 angstrons,
preferably afigsifemagdhesonomy Hes3ustypct) ofsnoleculassicves hawpg 8gnaabarethgi ng from

about 3 to 54 stroms, nore preferably from3.5 to 4.2 angstrons. These

pore sizes are typical of nolecular sieves having 8 nenbered rings. [0035]
Convent i onal [008§t al | Coreveatiomil oxysiallireateninesilicdte sedlimss Hagingadaalytici C
activity are desirab | ec si eves that can pe used . in g?kitng t he

are

. I
catal yst of AFHi¥ SR S BO RSRLpIe0es B S0 Bebin PaRa e i :
descri bed i ngid Byedtfh: %gles%f M1z%gﬂte%e§419§1%1d%§§ibe@%t}S).fPaf’.‘A[Nog.h are

incorporated herein by reference. Non-Timting exanples of Zzeolites which
can be enpl 0§€60.27¢ aidk3.pA4hd83, bethodf whitls areiimeoeperaed herencbyickderboteh nat ur al

d t heti ol.i.tes. These. zeplites. include ,zeql.ites of. the structural
Fones) et et TRihg gy ESST£SBleh Mhich F b el Sy e pricigs pEMTDy

Baer| ocher, MWMtioMeiRIudeBoth ndr&Pihd syhihetic R Se ARG Jdofits inclkdeseVvi er,

Anst erdam 2001, he descriptions of which are incorporated herein by
reference. [ 2036 ofdl strueuralyypes andlydeddn ehesiAtlag af Zeolik Hranmewvqrsilopesil 20B3)

nol e rati os of. e t d ni_far ore . di;aneters from
about 3 to 1 %ggbg't(#hd%.%ﬂ&%%g;w éﬁs@gfé’ﬂg?{gﬂfsyonc lrﬂﬂa]?%w%filfgﬁ}onn’et al cations,

such as sodi Bi¥evsg/Aonst@ah@s30010he aadfiptiondof afhidieare dicdofpor@E@hersiatyons, such
as magnesium and/or calcium In order to increase the catalytic activity
of the zeol i f&renqee. pay be desirable to decrease the alkali netal content

O ety SRR, 2S84 Ao LB i M PURLAT Ly 25
al kal i net aht leshalsnt 2y sduele aniforaspers diemoaners iffont dteuad to 1 IAgh®nesonduct ed
by exchange They also generally contain alkali metal cations, such as sodium and/or potassium
and/or alkaline earth metal cations, such as magnesium and/or calcium. In order
to increase the catalytic activity of the zeolite, it may be desirable to decrease the
alkali metal content of the crystalline zeolite to less than about 5 wt. %, preferably
less than about 1 wt. %, and more preferably less than about 0.5 wt. %. The alkali
metal content reduction, as is known in the art, may be conducted by exchange
with one or more cations selected from the Groups IIB through VIII of the
Periodic Table of Elements (the Periodic Table of Elements referred to herein is
given in Handbook of Chemistry and Physics, published by the Chemical Rubber
Publishing Company, Cleveland, Ohio, 45th Edition, 1964 or 73rd Edition,
1992), as well as with hydronium ions or basic adducts of hydronium ions, e.g.,
NH,4", capable of conversion to a hydrogen cation upon calcination. Desired
cations include rare earth cations, calcium, magnesium, hydrogen and mixtures
thereof. Ion-exchange methods are well known in the art and are described, for
example, in U.S. Pat. No. 3,140,249; U.S. Pat. No. 3,142,251 and U.S. Pat. No.

1,423,353, the teachings of which are hereby incorporated by reference.



with one or nore cations selected fromthe Goups I1B through VIIl of the
Periodic Table of Elenents (the Periodic Table of Elenents referred to
her ei n i sWOgB®es393 n Handbook of Chem stry and Physics, pulpCiraisezi34ogst he
Chem cal Rubber Publishing Conpany, Ceveland, Chio, 45th Edition, 1964 or
73rd Edition, 1992), as well as with hygroniumions or basic adducts of
hydroni umions, e.g., NH4}, capable of conversion to a hydrogen cation
upon cal cination. Desired cations include rare earth cations, calcium
magnesi um hpdgpgen amenipled ofize6lited ABGBRIfor hRNn X6 haeatoimEhadmray € wel |
known in the art and are described, for exanple, in US. Pat. No.
3, 140, 249; P zemiites, Kpedivgn pore zoglite wad small ppegtzeoljgs. Agage porsgolitehe
t eachi ngs of i i r i 8395
peTi Usog) aaofehd 16 ppRERer-DERaPOLRLE, B EhBLERER as MR A IPR 10
i nvention i NEAUJEMTarBeampiey & lagelpotecgoline thcutepeokicZ bilitey, zévkge snal |
pore zeolitgi.?ﬁel,ar e pore zeolite eneral ly has a pore size of >7 A and
t

i ncl udes ze ﬁl%g@egﬁ(ﬂ?taa@qmlte!\%ﬂ,\’{'g"IZQM"‘EIWM' 961 eM3P. ar ge pore
zeolites inc mﬁf‘o‘?" ' [ ' , Beta,
nor deni te, leéﬁlé/?ji% ZSéI\/Elti;g c%%l@%ﬁ%hb}aaﬁﬁﬁﬁssﬁ%s}zg <7)r%’0‘? {e}fr%; ag)i rfer&giaggﬁgggt al yst

general | y had taapmort 6.8/ zendgensrallp ithef pore bpertifresoronsisioaftabbut 18 tbd2about 6.8 A;

and generally the pore ertures. consjst of aboput 1 o] , ef erably
Sbout 10, meMEERN fra 0unGBbeRe SRt st Mtk M ERELD, v,
HEU, FER anduOOMTEXa90) @R oha e Uk papes seRkais ;scﬂsf&wiﬁe inéfalfk 34, ZSM 38,

and ZSM48. A smal| ‘pore size zeolite has a pore size from about 3 A to

about 5.0 A Z%¥net Z1SM-38t and £8Yled 8apesmall pete stfe zeblite dips aporgrsezedomsi st of

from about 8 .to .. prefe | y~abo . _henbered ri tructures d

el ude— crtOclit A gBRSLPLAR Y aRA Bie TR ESH S FOEBRAHER i o

i ncl ude ZK- 4from4Ko@, 8 @EI@, Rie@erﬁblyéﬁ&lti@, thetbe B g HttuBur&hinAeRIMdeo! i t e,
chabasite and erionite. The zeolites can also conprise gallosilicates and
titanosilicatdé, ERGISEY, Ldh apd bl Exppindesiaf smallipeteszeolitgrinelidenZKet.i ncl uded

in the first gr4 -l ' CAt- . i cl .10 ke the
catal ysts ofzgh%’ggqlﬁ%h? i&girggﬁ %lfl gl}{rgtref g%ﬁ‘é%ﬁtt_)l%tg,gf{}ﬂ)%sﬂ%{@%rﬁ(?né%re. sTi%gves
i ncl ude net atdotitek i alep bomphist gallosititaeddndrtitaisitieates. 0039] The

met al | oal um osphate nol ecul ar sieve may be represented
ﬁ%%}] P t%on-zeohte molecular seieves car){ also be ?ne:luded in the first dried

molecular sieve catalyst particles used to make the catalysts of this invention.
Preferred non-zeolite molecular sieves include metalloaluminophosphate
molecular sieves. .

[0039] The metalloaluminophosphate molecular sieve may be represented

by the empirical formula, on an anhydrous basis:
mR:(MALP,)O,

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

Mn, Ni, Sn, Ti, Zn, Zr and mixtures thereof. In an embodiment, m is greater than



by the enpirical fornmula, on an anhydrous basis: nR (MXAlyPZ)02 wherein R
represents at | east one tenplating agent, preferably an organic tenplating
agent; i rwpD3p6s39hunber of noles of R per nole of (MXAl yPrPr@Asansto8h has a
value fromO to 1, preferably 0 to 0.5, and nost preferably fromO to 0. 3;
X, 'y, and z represent the nole fractiqg of Al, P and M as tetrahedral

oxi des, where M is a netal selected fromone of Goup IA IIlA 1B, I11B,
VB, VB, VIB, VIIB, VIIIB and Lanthanide's of the Periodic Table of

El enents, prefequahd y. 2|,\/la1thx ysﬁideﬁéte@réat@mhe@lrtﬁ eQhialtd16.0d! BgmogRAsi sting of Si,
G, Co, Cr Cu, Fe, M&l Ni, Sn, Ti, Zn, Zr and m xtures
thereof. In e@b@%@& rﬁéﬁgreateﬁ ag Oglr toAbatt 1. prdp Sieeo o Ao 9 9BorER SIR/ 34085

10 or equal ; %eé‘f‘ﬁlorﬁ’o Y1AS AHd3N gemgtg@g&,ga O%E'gﬂlt(?%S f08'8l pb@ 0.01. In

anot her errbo I men i'n1s great’er than X Ts greater than O
to about O. aﬁ¢fe;abl}sm1&frotrh(é15m‘l@@ ofs ffoM00.td 0129y @s fromadMltoz0.5,5andrz ishe range
of fromO0.25 to % preferably in is from0.15 to 0.7, xis fromO0.01
to 0.2, y iS4 tGOAg?o 0.5, and z is from0.3 to 0.5. [0040] Exanples of

mstalloal m osph the first
um 1094 0S PN AxGripRs @ Uh &l SIEH S ggﬂﬂ(}gﬁﬁe Yecul uPg sagggéa\?mh by

dried nol ecul ar "si eve catal ysts have be scri I N~ nuner ous
publ i cat i onsbeipredentdinriye fist desdimplesplatsiSve ¢alpsis ha\te.bedn B&ZriB@Dm(dbh@lPO wher e

Me is , U S te No. 40, 87 ur opean

Pat ent NgAppI e af gt p g igsing b frgﬁiewfs@@rﬁ%i% SICRCAE 6%82 B, O, Co,
Ga, Ge, Fe, (MeAPWwhe M{is 0l ﬂﬁ]),Znu;rSCo Patse phichoNo 4, Wﬁ'{ SAPCAPO , U S.
Patents No. 4,822,478, 4,683, 217 744, 885 iFeAPSO EP- A-0 158’ 975 and

U.S. Patent Ex@OPe@ng’aEnMeplq@w%AﬂiS& @AABLAFSO VooaREE) As,BR, B; 0 158 - 976

(SIS v B Gy B TRy bl 4TS OBy 10,4

U.S. Patent UNS. Pz&er?t891053322 I4l783;FZQ)83 11754 7&’41,18&51(1?6)@804)5 BPA-B568 ©<739é,?é50) u. s
Patent No. 4,888, 167 ﬁ)é 295 &BAPSO
Patent No. 1&37%@1@@?0 3,& @)(Zn@P§0 E’Bt%ﬁtlélﬂ@g (CQAB%@) 4, 851 106

D, U g s, A B85 P e S e,
(AsSAPSO), U.(81POy), EP-A-0 158 350 (SENAPSO), U.S. Patent No. 4,973,460 (LiAPSO),
U.S. Patent No. 4,789,535 (LiAPO), U.S. Patent No. 4,992,250 (GeAPSO), U.S.
Patent No. 4,888,167 (GeAPO), U.S. Patent No. 5,057,295 (BAPSO), U.S. Patent
No. 4,738,837 (CrAPSO), U.S. Patents Nos. 4,759,919, and 4,851,106 (CrAPO),
U.S. Patents Nos. 4,758,419, 4,882,038, 5,434,326 and 5,478,787 (MgAPSO),
U.S. Patent No. 4,554,143 (FeAPO), U.S. Patent No. 4,894,213 (AsAPSO), U.S.
Patent No. 4,913,888 (AsAPO), U.S. Patents Nos. 4,686,092, 4,846,956 and
4,793,833 (MnAPSO), U.S. Patents Nos. 5,345,011 and 6,156,931 (MnAPO),
U.S. Patent No. 4,737,353 (BeAPSO), U.S. Patent No. 4,940,570 (BeAPO), U.S.
Patents Nos. 4,801,309, 4,684,617 and 4,880,520 (TiAPSO), U.S. Patents Nos.
4,500,651, 4,551,236 and 4,605,492 (TiAPO), U.S. Patents No. 4,824,554,
4,744,970 (CoAPSO), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937
(QAPSO, where Q is framework oxide unit [QO,]), as well as U.S. Patents Nos.
4,567,029, 4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876,
4,952,384, 4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050

all of which are herein fully incorporated by reference.
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[0041] Other metalloaluminophosphate molecular sieves include those

described in EP-0 888 187 B1 (microporous crystalline metallophosphates,



Pat ent No. 4,913,888 (AsAPO, U.S. Patents Nos. 4,686,092, 4,846,956 and
4,793,833 (MMAPSO), U. S. Patents Nos. 5,345,011 and 6, 156, 931 (MAPO), U.S.
Pat ent Nowo043/8&889853 (BeAPSO, U. S. Patent No. 4,940,570 PBeAR®)/34085 S.
Patents Nos. 4,801, 309, 4,684,617 and 4, 880,520 (Ti APSO), U S. Patents Nos.
4,500, 651, 4,551,236 and 4,605,492 (TiARO, U S. Patents No. 4,824, 554,
4,744,970 (CoAPSO), U. S. Patent No. 4,735,806 (GAPSO EP-A-0 293 937
(QAPSO, where Qis framework oxide unit [Q21), as well as U S. Patents

Nos. 4, 567,9480, &j1686))093,. PatedB¥o %1,@104 81987(9@01&&% sfhv8@11d 8P 4lkakne353, 197,
4,917,876, 4,952,384, 4, 956, 164, 4,956 85, 5, 241, 093,
5. 493, 066 arf@tth nets).0%8; Patamt|ARﬁhcaWﬁIb$ﬁrml NOh@?/éih%-ﬁﬁ of Fiehggipdhat ed by

hose. descr Lo R BB g G RS ey e el e
get al | oer)\os pﬂ@t@sberV\Q(ﬂﬁll(%gﬁlﬁxg?ogﬁiﬂm@gﬁé@éﬁBEeve])i’L?nr?:BP@eko(sMkO 6% Zal . u. S <
Pat ent Appl vk o PG Sieves 8 fﬁ@@é@%ﬁ% Eaﬁew ot o
(integrated qjggij O{Rzﬁfcﬂ%e ﬁphﬁejﬂecu h)cogdoeve anggﬁged_fo publ i shed Sept enber

7, 2001(thorium’tontai ni ng R Szostak, Handbook of
Mol ecul ar Si [6043], VaMMs)t&fa}aUlyR&]enmdhmlaerneS(prekent Methe Yostikdrie@1992) , whi ch

ol ccul ar <1 BOSEH T SRR PR ISR BB AR U RO B PSRl yst are

silicoal um W%Bﬁ@épﬁaté%ﬁﬁ@uld}%ie%%ﬁ m8&faPyBStituted! o BRREEPhat e ol ecul ar
sieves and netal subStituted forns thereof. [0043] Non-limting exanpl es of

SAPO and ALHO0#3I ecull‘ém hmetmxamates Ofﬁéxﬁ?oo@ldp%b meolgqulariseeves thet. dri ed

nol ecul ar si eve, cat al of. t.h on incl,u e. or _.a comhi,nati on of
TP b *apanty b a&int i o st il MR B S o R B AR |
SAPO- 34, SARGe3Ra cSﬁsIBQ:a&@n oBARPO3Y ,SARAROSADD- BARAPHL 16, /D A2, SAPO- 44
(U. S. Patent No,. 6 162, 415), SAPO 47 SAPO-56, ALPO-5, ALPO- 11 ALPO- 18,

ALPO- 31, ALFEBQ-18aBABD32), SAR(PS] FAPRIBSABO- 3 S ARQ-a0 LR3I ni ng

o ccul a, Stenee.dpegelsy RIS POSLSLL 0B S 6 Sy ERp e 02

and ALPO 34,SgRersonil @ ps.eAleP@dlly ALPO-18, ALPO-31, ALPO-34, ALPO-36,
ALPO-37, ALPO-46, and metal containing molecular sieves thereof. The more
preferred molecular sieves include one or a combination of SAPO-18, SAPO-34,
SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34, even more preferably
one or a combination of SAPO-18, SAPO-34, ALPO-34 and ALPO-18, and metal
containing molecular sieves thereof, and most preferably one or a combination of
SAPO-34 and ALPO-18, and metal containing molecular sieves thereof.
[0044] As used herein, the term mixture is synonymous with combination
and is considered a composition of matter having two or more components in
varying proportions, regardless of their physical state. In particular, it
encompasses physical mixtures as well as intergrowths of at least two different
molecular sieve structures, such as for example those described in PCT
Publication No. WO 98/15496. In an embodiment, the molecular sieve is an
intergrowth material having two or more distinct phases of crystalline structures
within one molecular sieve composition. In another embodiment, the molecular
sieve comprises at least one intergrown phase of AEI and CHA framework-types.
For example, SAPO-18, ALPO-18 and RUW-18 have an AEI framework-type,
and SAPO-34 has a CHA framework-type. In a further embodiment the



one or a conbination of SAPO 18, SAPO 34, ALPO 34 and ALPO 18, and netal
cont ai ni ng nol ecul ar sieves thereof, and nost preferably one or a

conbi nat i w0 000683BAPO- 34 and ALPO- 18, and netal contai ni ngPeolusSous4a8s si eves
thereof. O[ 044] As used herein, the termmxture is synonynous wth
conbination and is considered a conposjstion of matter having two or nore
conponents in varying proportions, regardless of their physical state. In
particular, it enconpasses physical mxtures as well as intergrowths of at

| east two dihbeealnt sievendongitisad a siieue: Glintelrowe snat@1st Bndsor-Ditergxaap| e t hose
described in PCT _ Publication No. WD 98/15496. In an enbodi nent, the
nol ecul ar si®B¥8fls an intergrowth material having two or more distinct

phases of cripigl | | nerlgiriGiol ikl ARLIPLEHHRons b Q1O TPOST L on.

I n anot her e i ment, e nol ecular sieve conprises a st one
i nt ergrown ploasen bind&ENoaddniGhA ekampleswof bindgrp @t makbe pessampilene BAPO- 18,

ALPO- 18 and RUW.18. hav n AEl framework-type, . and SAPO-34 has a CHA
T rennr o S EDIFioR e PO Arious by R H R Ao GBS0 o o0s 54085 12

mol ecul ar  sijg¥RaARMRISRE. m@'ﬁ&féﬁed Qlunlifd &5 MiBNE SOk Slundhivdpd
non-intergrown material. [0045] The first dried nol ecular sieve catalyst
conposi t i onschierphydrate. Themagaibpxidesol assrikeighiet binding fwnpbdlesulafsibiender s

that may be present alone.or in . conbinati.on include vari.ous types of

hydr at et a ATIET mitprS e md lsh BEpan in s G L Coppenatipet BeRe
preferred al mWafriRdr 0 AIgBIheE pficulasly AlteiMhBinTtrea it OD YK Béfing tAE i NOrgani c
oxi de sol acts like glue binding the nolecular sieve and othér nmaterials

that may al siorganigroxgdernol,iincanverieding gsinotasnisoxide oairisicompaserd. Fomt ri x or
o o 0get Bt B bl iih AL Xyiflch ffert B TRl B GRLRR b fORANEAL RO, L e

i norgani ¢ oxi I'sTconver 0 an 1 norgani @, nponent .
For exanpl ereaaneral um na sol will convert to an al um nium oxi de matri x

foll owi ng heat treatnent. [0046]. Al um ni um chl orohydrate, a hydroxyl ated

al uni ni um bal¥@blsol  ‘elgRERm Ghprahydniea srepiteerumgmiva eedtown as

o LA RSl ST by IO LA EREC120

to 30. | n ongnembloinmEnAl,Q.(@HRChebaH,03 wherein m is 1 to 20, nis 1 to 8, 0 is 5 to
40,pis2to 15, and x is 0 to 30. In one embodiment, the binder is
Al;304(0OH)24Cl7212(H,0) as is described in G.M. Wolterman, et al., Stud. Surf,
Sci. and Catal., 76, pages 105-144, Elsevier, Amsterdam, 1993, which is herein
incorporated by reference. In another embodiment, one or more binders are
present in combination with one or more other non-limiting examples of alumina
materials such as aluminium oxyhydroxide, y-alumina, boehmite and transitional
aluminas such as a-alumina, B-alumina, y-alumina, 8-alumina, e-alumina, k-
alumina, and p-alumina, aluminium trihydroxide, such as gibbsite, bayerite,
nordstrandite, doyelite, and mixtures thereof.
[0047] In another embodiment, the binders are alumina sols, predominantly
comprising aluminium oxide, optionally including some silicon. In yet another
embodiment, the binders are peptised alumina made by treating alumina hydrates
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare sols or aluminium ion solutions. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol available from the Nyacol

Nano Technology Inc., Boston, Massachusetts.



A11304(OH) 24C17 12(H20) as is described in GM Wlterman, et al., Stud.
Surf. Sci. and Catal., 76, pages 105-144, Elsevier, Ansterdam 1993, which
i s herei rwoinoer3pbr at ed by reference. In anot her enbodi Nne®CI/UsNE34085 nor e

bi nders are present in conbination with one or nore other non-limting
exanpl es of alumna materials such as g um ni um oxyhydroxi de, -(-alum na,
boehmite and transitional alum nas such as a-alum na, (3-alum na,

y-al um na, 6-alumna, s-alumna, x- alum na, and p-alum na, alum nium

tri hydr oxi degooa&]ch aSTlgi fiosdrie], mblaydan dieve maodlss tamamibetode odlayed i t e, and

m xt ures ther eof | n.anot her enbodi nent, the binders are alum na
sols, pr edonmﬁtamqr;ﬁlle&m%&rxaé(ﬁhwgmﬁlﬁ?% avei tyeicallypifiastue myreflygdrgidi ng some

silicon. In ¥ almélﬂﬁ é:ostega%g't Lp 51m%s§1%}ﬂ‘%9h%hi%kﬁn£ﬁ&{t Er%ﬁlqhél unmi na made

by treating alum na af es uch as pseudo emte an acid,
preferably acat:dysitatonipasmdmﬁsr emmhpteaimriagmegneﬂaabmglenslﬁmcg the epatyst sol s or

alum niumion solutions. Non-li t|n xanpl es cially avail abl e
ol Toi dal al dmmrs i SereangaaeRa vots rﬁg%?wgbﬁt@ng% #@hed cneni cal
Co., Naper Vi{ek@iantd, lah@ R Sont@0the RGP ko@é%ﬂ@ﬁl 'I[;JI' dyacol  Nano
Technol ogy Inc., Bdoston, Massachusetts. WO 03/ 68395 Cr1/ US02/ 34085 13

[ 0048] The £ [0049] dr | d‘dombmmg %ﬂanmlaswérrmyx nlatspialsangndsencorrenae offor e
matrix or flller ter y@%tsi’gya 1>ﬂ<ld trlals ar.e t |c_altil¥ .effective in
reduci ng ovré'F%‘f af, pgifles inchuding tifgpig, r?érf’org?ﬂ? 1988 '8P %hg in

shi el di ng he@érylﬂlbocﬁﬂahﬁesﬂl@aaé@b}éshn@ﬁmé tHeRIOf, fBF @RI cAabGia,
regeneration, densifying the catalyst conposi tion, increasi ng cat al yst

strength suctilieaszisqonih sibice-iagica shiserabming endsilica-alyminasthetia. Iim!l t o control:
the rate of &ﬁgvd?ﬁlﬁhto Eha'tr& afé?ialtsla?e dllla%ﬁrapélg es%%h ai %8?69&0};\1@& %a oﬁ tals.

exanpl es of matri’x materials 1 nclude one rare ea

met al oxi desmonigddtilionge tnd Ravlia, Thescniizal clﬂmmadakacmh@kn@m apesyl 1 a,
quartz, silica or sol s, and m xtures thereof, for. _exanple silica-nagnesia,
si | i ca- zi r coREPIGiieaMeNersr s0caspiriapd Flarisichays aNen-Smitieeeampiesed-  hor | a.

In an enmbodjy atrlglqﬁe{téffza[l?’%ﬁfd'ealllaﬂg?%’% %Byﬁ% JRNRY Sattieho raa@aﬁﬂ%se from

the famlies o nont nor Ite an aclin ese natural ays i ncl ude
kaol i ns knowm @ enftodimentahp hefri:Dingiesal, mﬁhabig anﬁeﬁtlgmbayamie Ribjedtet cl ays.
Non-limting exg fples of ..other matrix ter i nc hal | oysite ,

kaolinite, diodks @owpiilflgathilrprgﬁe&wlsp as ca c1nat10n an!i}(j)r acid treatment

and/or chemical treatment before being used in catalyst formulation processes.
[0050] In one preferred embodiment, the matrix material is a clay or a clay-
type composition, preferably a clay or clay-type composition having a low iron or
titania content, and most preferably the matrix material is kaolin. Kaolin has been
found to form a pumpable, high solid content slurry; it has a low fresh surface
area, and it packs together easily due to its platelet structure. A preferred average
particle size of the matrix material, most preferably kaolin, is from about 0.1 pm
to about 0.6 pm with a dgy particle size distribution of less than about 1 pm.

[0051] The first dried molecular sieve catalyst composition is typically
prepared by mixing the molecular sieve, the binder and the matrix materials in the
presence of a liquid to form a slurry, and drying the slurry to form first dried
molecular sieve catalyst particles.

[0052] The amount of binder used to prepare the first dried molecular sieve
catalyst typically ranges from about 2% by weight to about 30% by weight,
preferably from about 5% by weight to about 20% by weight, and more preferably
from about 7% by weight to about 15% by weight, based on the total weight of the



In one enbodi nent, the matrix material, preferably any of the clays, are
subjected to well known nodification processes such as cal cination and/or
aci d treawomawes3and/ or chem cal treatnment before bei ng us@dTiusoratss yst
formul ati on processes. [0050] In one preferred enbodi nent, the matrix
material is a clay or a clay- type conggsition, preferably a clay or
clay-type conposition having a lowiron or titania content, and nost
preferably the matrix material is kaolin. Kaolin has been found to forma

punpabl e, hitgfies ahé thoksilae Bleve hndt mtrixi thatbiddl, écludingd heslauRlefi@ce area, and
it packs toget her easily due to its platel et structure. A preferred average

partlcle S|zCéC@Tatlt>h)e matrix material, nost preferably kaolin, is from about

0.1 gm %P@%‘gl %19 Qi;lc}‘ﬂrlésr[%ng;r gxgen?atflecu# t?dn%%f‘[‘ﬁesﬁlp&%%% R}l €sS than

about 1 gm r’sieve ca st conposition is

typically phapadasediyn the fdrﬁgtlbﬂﬂéfﬂhieﬁ'mldhadinﬁﬂﬁmﬁr siehecdaahydter and the
matrix materials i.n the presence % idto forma slurrﬁ and drying
the slurry tcempswﬂplﬂil%@?m&r}@dl Lise e«l?iya1« lé%bé eafeapryierab&hl &9 &2, [0052]

The anmount AR Reslrdisgd 1t epare the first dried nol ecul ar si eve
cat al yst ty%ifnc?t[:l({}'yﬁ{eangeg frc())m about 2% by wei ght to about 30% by wei ght,

pref erably f[f@sd]aboutl hE‘quyd wed ghormohafictdri@Deleyulaesigie qataelymi cambe
preferably fr out 7% ht taq about wei ght, d on the
total wei ght?™J 1qPﬁ3“Wnd ]E%%@%i%ﬁ@ﬂat)%%t Xﬁﬁg\{% mbﬁﬂ%gd’éﬁampeﬁ ?rml ecul ar
si eve and mayfthple NBHIAS iRlude®hE bHE coGbinRod bOWAEr, GRORSI ket6AdsCi Nati on).

[0053] In another enbodinent, the weight ratio of the binder to the matrix

mat eri al useididqhmdttShen&/mr%mrfﬁ oThéUhOitrpeeffmmd;hqldd issdlaten| ecul ar si eve catal yst

conposi tion rom ref apl 2,..00r ref erably
CT0 b0 17 005316 T T aidlaediaisee S ERRnmten o ke ShubR Bl uced 1 o
formthe fi Fu%&d g mﬂdngﬂieefﬁﬁﬂ @[ed%‘a%‘il}%t @cﬁhﬁds)/tﬁin BANbOEmMEAAYI inl tHY Anknown i n
the art of forrrulatlng catalysts. Non-limting exanples of suitable

liquids inc |qzidlef et lguich apd gy ha cp@hing imenyeerdera fagsthst, sirrdiamaeis!y,
o ehvics, Sl 5o T Ip Sl B LG BRI Bl 0581, The
meki ng the fligquid, pebferabllycedteard, ysatsed.onposi ti on may be conmbined in the sane
[0056] In one embodiment, the slurry of the molecular sieve, binder and
matrix materials used to make the first dried catalyst composition is mixed or
milled to achieve a uniform slurry of sub-particles of the molecular sieve catalyst
composition; the slurry is then fed to a forming unit that produces the first dried
molecular sieve catalyst composition. The forming unit may be any known unit,
such as spray dryers, pelletizers, extruders, etc. In a preferred embodiment, the
forming unit is spray dryer. Typically, the forming unit is maintained at a
temperature sufficient to remove most of the liquid from the slurry.
[0057] When a spray dryer is used as the forming (or drying) unit, typically,
the slurry of the molecular sieve and matrix material, and optionally a binder, is
co-fed to the spray drying volume with a drying gas with an average inlet
temperature ranging from 150°C to 550°C, and a combined outlet temperature
ranging from 100°C to about 250°C.
[0058] During spray drying, the slurry is passed through a nozzle
distributing the slurry into small droplets, resembling an aerosol spray into a
drying chamber. Atomization is achieved by forcing the slurry through a single

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



or different liquid, and nmay be conbined in any order, together,

si mul taneously, sequentially, or a conbination thereof. In the preferred
enbodi mrerwQ oBloes3smane |iquid, preferably water, is used. [PQEAEGS)2/B408DNe
enbodi ment, the slurry of the nolecular sieve, binder and matrix materials
used to make the first dried catal yst ggnposition is mxed or mlled to
achieve a uniformslurry of sub-particles of the nolecul ar sieve catal yst
conposition; the slurry is then fed to a formng unit that produces the

first dried 1000bsia@bF kEdaty 6823kRday.Sln 400 Sinbbditent, hige flonrWistg-fieai t may be
any known unjt, such as spray dryers, pelletizers, extruders, etc. In a
preferred erbroughesmglenpgzies muliiple nazalesiadongswily ap plpapsatiop dluidsuch  t he

formng unit, i jotai t e sufficient to renove nost of
the liquid f?gﬁi{%e’gﬁE&%%}ﬁfnggFE%ﬁgﬁﬁégébray dryer is used as the

fo:m: ng (?r [ﬂmsla']ng)dmyft_,anbmﬁ ﬂﬁbédémenmﬂﬁs_mrtyralqsc?lﬁeéitefmevfrtslc&ﬁuﬂeano Zi eve and
matrix materjal,. and optionally a binder, is  co-fed to the spray. drying
vol ume wi t h the RFTFRFHEF FASPIRe %(heeé@&tgﬁglhum%be slpgpp s ropkitdithy from

150C t0 550, ook 9 EBhIRG My irh&ly HhETREhALYRE siuh éaagit;;,rsgfﬁﬁéeooc to about
250C. [0058] During spray drying, the slurry 1S passed through a nozzle

di stri buti ngersim, §bwrrate, pressurs aadl tentreogstietod the demyrishé stgppaandier osol spray

into a drying chanber. Atonizatjon .is. achi eyed orcing the slurr

L ouon o SISO ao Pt Bt in8 Ratniig St oY B sl STELEBrris 85T 1 e
range of framul@Rdnaiazol@rd@ SoURBARIETIOWIABHIGRe thkSudPPrsi a (690
kPaa to 6895 kPaa). | n another enbodi nent, the sl urm/ is co-féd ™ through a

si ngl e nozzldsiepto tai garteallyosubistastiallyoergotally driath melesias sievopattlysti d such  as
air, steamcflugi gs, or any ot her suitable gas. [0059] In yet another
enbodi nent, PHEE u?Ty descri bed above is directed to the perineter of a
spi nni ng wheedet hat Ainsdxaimpud ﬁ?s%afdj'eirﬁihg pEdCesther BaPbd uddapbepsre thhe size
of which is contralled by many factors includin sluréy vi scosity, surface
tensi on, fl distrdited melp@dar sieve caliglyst eampositogrediselopeddndi.Brkaf. Ne.ne” shape and
di mensi on of ozzl ) i QT [Bplall f the wheel. These
dropl ets aréhéﬁﬁg%’g%f§%§#ﬁogOggggﬁﬁgg%?h%%ﬁ%g%ﬁggi-current flow of air
passi ng thrdo@gdi]a spimgdditen,ele fist drdedmalepaat diestel oatal st behpoditical dsgd or
totally dried nole uéa£ si eve catal.yst .

in the method of the present invention may comprise one or several other

catalytically active materials, besides the molecular sieve(s). As a result, these

other catalytically active materials are incorporated as a part of the first dried

catalyst composition.

[0062] According to the present invention, the first dried molecular sieve

catalyst is combined with water to form a water-catalyst composition, which is

mixed to form a slurry. Preferably, the mixing is sufficient to break the larger

particles added to the solution. In general, the more vigorous the mixing, the

smaller the particles formed in the slurry. Mixing using high-shear mixers is

preferred. In general, these are mixers which are capable of rotating at speeds of

at least about 3,000 rpms laboratory scale equivalent.

[0063] The particle size of the slurry can be indirectly assessed by

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

smaller the particle size in the slurry. The viscosity of the slurry should not be too

high so that mixing is not effective in breaking apart large particles or too low so

that drying will not produce acceptable particle formation. In one embodiment of

the invention, the slurry has a viscosity of from about 100 cP (0.1 Pa/sec) to about



conposition. [0060] An exanple of spray drying process that nay be used to
prepare the first dried nolecular sieve catalyst conposition is disclosed
in U S PaD.03M6R395 4, 946, 814, the description of which is iPagarspysased
herein. [0061] In addition, the first dried nol ecul ar sieve catalyst
conposition used in the nethod of thejgresent invention may conprise one
or several other catalytically active materials, besides the nol ecul ar
sieve(s). As a result, these other catalytically active materials are

i ncor por at ed 560 &P (95 Pa/@efc) tasendabiired using @ Brogieiedd P¥tDVENIQDhicted With[2)062]
According to_the present inventjon, the first dried nolecul ar sieve

catal yst is Iﬁ%r%bﬁpméﬁe 1t0t'FPWatPéP fepably the Fuaryias @rviseasisy oisfrora ghpis20Pi on, whi ch
is mxed tqpf ?Ses {a(:)rd%%at zfg@é{ ﬁ%?ésj a/séégearﬂ'rﬁbﬂé réfera P}&fifré]e filabMt tO br eak

the larger pa t| ut| nera nore vigorous
t he m xi ng, 35IOe:P (913ﬁ5|Pafse¢)heabwtt& Wl0eP (Bdrareed), asnmbdmearesi wsingla M Xi ng usi ng

hi gh- shear erred I ese are m xers which are
capabl e of gf‘ﬂa?—é{ ngi B@Wter‘ﬁ?}%&g’s S@Bégtatgo%ﬁ rpns | aboratory

scal e equi qu@&ﬂ [ 0@@%0@&1%:1%&&1&&%&&1&@ Ris 4 s kbﬁtéﬁ{t dFHonPsodupdi rectly
assessed by suring the viscosity of the slurry. In general, the higher

t he vi scosi ti wtheo abomtl25ewt %hé’rqfenabiydh@slsrrxéaas asalivs cshﬂqntcyffrome vi scosity

of the slurry sh not be h so.t X, N pt. e fe ive in
br eaki ng apa%’f’ 'igfﬁ‘g(y“pt&’apf"&tl é)sWtoﬁ” 5 EISW%EY frf’ﬂ]afibog?%(fwg/%‘) 6{5 pr oduce
accept abl e pgf 4l Bdsed bR fBbiaPNeighf oPihe sﬁﬂ@oqlh'éﬁﬂﬁdscﬁontdnh@aﬂ nvasdstiea, the
slurry has a vi sc05|ty of fromabout 100 %E{b&l Pa/ sec) to about WO

03/ 068395 PCFIgSA/cBUYBEionalgnensbloppvgrge y00 agcrﬁwagmm@ﬁlmm ng a
Brookfi el d Lf\u/fn[ggg 1sV|a§t?c%ﬁr% eﬂr{; %Q toagjllgeN? sug%)(g&sﬁ%l Fgﬁgt arhﬁ)e'pre tregf erably

the slurry hasa vi KEost rom sec) 0 about
8,500 cP (8.Herdta/ sec), and nore preferably fromabout 350 cP (0.375
Pa/sec) to about 8,000 c Pa/sec), .as nmeasured using a Brookfield LV-DVE

vi scometer v0P8Sla Nolf @essrﬁé ﬁm EHétfﬂzﬁﬁlwwar{Wt}stqdfbeé%pﬁé\m&wbbéd. ment the

slurry has arﬁggﬁsq content of fromabout 10 wt %to about 75 wt %
Preferably t urry has a solids content of from about 15 w % to about
70 Wt % nor[@0@6lef er dibleslurryormdiealuied 28nganYeonveational d§ong method to

form a second dried molecular sieve catalyst composition. All the methods
described earlier in this document to prepare the first dried molecular sieve
catalyst composition are equally suitable to produce the second dried molecular
sieve catalyst composition.

[0067] In one embodiment, the second dried molecular sieve catalyst
composition is calcined. Calcination further hardens and/or activates the second
dried molecular sieve catalyst composition. A conventional calcination
environment is air that typically includes a small amount of water vapour. Typical
calcination temperatures are in the range from about 400°C to about 1,000°C,
preferably from about 500°C to about 800°C, and most preferably from about
550°C to about 700°C, preferably in a calcination environment such as air,
nitrogen, helium, flue gas (combustion product lean in oxygen), or any
combination thereof.

[0068] In one embodiment, calcination of the formulated molecular sieve
catalyst composition is carried out in any number of well known devices including

rotary calciners, fluid bed calciners, batch ovens, and the like. Calcination time is



w % based on the total weight of the slurry. The solids content can be
measured using any conventional neans. However, a CEM MAS 700 m crowave
muf fl e fwoOmaoes3ps particularly preferred to give resultsPConsys®ss with
the values recited herein. [0065] If desired, the pH of the slurry can be
adj usted before or during the mxing step. [0066] The slurry can be dried
usi ng any conventional drying nmethod to forma second dried nol ecul ar
sieve catal yst conposition. Al the nethods described earlier in this

document to {gpRERY efcdherdtionshe igr@bifat®BiHaIf thd RVRculaAiaVy/GlalgRNPOSI ti on
are equally suitable to produce the second dried nol ecular sieve catal yst

conposi t i on. cqamsitioniand dhtemppidBiterent , t he second dried nol ecul ar si eve

catal yst co ition.i ! . i i . nd/ or
activates th@aggcondqn&?ﬁ%@%?@c%@r@h@?%\%b%g%l%és\{%%%%a%ég@ﬁ (ggt?oq{A
convent i onal is¢@hted irahitrogen aMempararnd of Bormiaboltte0°C ypatwat 7§0G.ncl udes a
smal | anmount__of . wat er ,v(gpou . Tyrri)i cal . calcipation_tenperatures are in the

range from aBeHNEADBRETIES OBYSTR P ime fypgedy J9m, 3¢ miptesde de bovtse to about
800C, d 5 bly i
and mostepil fbabl Moﬁrﬁ&? PBARY hourd: I&?ﬂ%@ﬁ% Ifréﬁxloa@]pl_npf REgably in a

cal cination 'environnent such as air, ni ue gas

(conbust i on ghoatdbouldseand most preferebly ,framn albow 2 boorsitb abeutadrhaurser eof . [ 0068] | n
one enbodi ne cal ci nation of fhe for.nulated | ecul ar. sieve catalyst
conposi ti on rrie t%SUE“e‘ihﬂd%f‘?j? aiRpag aéﬁoeie(‘é’?ag S}&\’S\ﬁﬂaﬁé‘iﬁq&f&fgsﬁtlﬁm udi ng
rotary cal ci §glisscribbdlif f&%iaﬁgieclj@@%tenp%?:@ 195’?[@(7}165‘5&% hbBRchlhKGeve
Calcination time is WD’ 03/ 068395 PCT/ US02/ 34085 17 typically dependent on

t he degree off gehaldennmendovatetie 4901QcRCEArWOI WE 07Apablshied Deosmlsiléi on and

t he tenperat . 06 In a preferred embodinent he molecul ar sieve

et al yot consiprame t afle B BRSHE ' Fneh SuiThae aldEel BT F 1 T om about

600C t 0o abouincd®@Bfated fdr&igel S carried out for a period of tine typically
9 ByeR

from30 mnutes to 15 hours, m%ijeferabl_y from1l hour to about 10 hours,
nore pref er a0yl r om Bisguecess alohe presentabysmtion pryides meghngds ippiodpecef er abl y

from about 2, BAuLS, §i9vea&?éﬂ7st éoﬁB&'Ji&ons containing particles with properties that

make them suitable for catalytic use. They can be used, for example, to dry gases
and liquids; for selective molecular separation based on size and polar properties;
as an ion-exchanger; as a catalyst in hydrocarbon cracking, hydrocracking,
disproportionation, alkylation, isomerization, oxidation, and conversion of
oxygenates to hydrocarbons; as a chemical carrier; in gas chromatography; and in
the petroleum industry to remove normal paraffins from distillates. The catalysts
are particularly suited for use as catalysts in cracking, hydrocracking,
disproportionation, alkylation, isomerization, oxidation, and conversion of
oxygenates to hydrocarbons. More particularly, the molecular sieve catalysts of
this invention are suited for use as a catalyst in the conversion of oxygenates to
hydrocarbons.

[0072] In its most desired embodiment, the molecular sieve catalyst
compositions made by the method of the invention can be used as a catalyst in the
conversion of oxygenates to hydrocarbons. Hence, the present invention also
encompasses a method for producing light olefins by contacting a feedstock
comprising at least one oxygenate with a dried or calcined molecular sieve

composition prepared by the method of the present invention.



O[ 070] Ot her nethods for activating a nol ecul ar sieve catal yst conposition
are described in, for exanple, U S. Patent No. 5, 185, 310 (heating nol ecul ar
si eve ofwgeb/oed3asri na and water to 450 C), PCT WD 00/ 7507 2Cpuish2/s4oesl
Decenber 14, 2000 (heating to | eave an amount of tenplate), which are all
herein fully incorporated by reference {g0071] The process of the present

i nvention provides nethods to produce nolecular sieve catalyst
conpositions containing particles with properties that nake them suitable

for catal yti@onsje. THayhisambbéimened, feddsoneARAPlag oxyEendicys gaxaeded @mnd

i quids; for selective _nolecular separation based on size and pol ar
properties; TeagioaronsAl exeaRuR geRaratys wih dbg mpleseler sietn s cponotiarki ng,
hydrocr acki n&;yroéé:§§&{n(aﬂﬂnrnts 'eﬁ'@&f\}e(%ﬁ Hﬂlugé' ii t' ¥Fins! ?@,%Léffe%{ilf n, oxi dat i on,
and conversion of oxygenates to %/) rocarbons; as & chemcal carrier; in

gas chr onat ogmpptayre aveksire, WHISV (fetigbt Iaumspavdusiacity t ands epainrallnchmal
paraffins fromdistillates, The catal ysts  are partjcularly suited for use
as catal ysts® Gi‘ftlif_? %RF‘HQ’?%HX}WOW?&‘W _TQ,PTOQ%E%BMP ”i’%rﬂ’f‘?%?ﬁnd&q{’?l ation,

i someri zati ofte deeeki®ad iPdbtaiPhow OWSEAIR), Ak B eﬁsfa/&%g@st@oatéc@edwm{ fgar bons.
More particularly, the nolecul ar sieve cat glgysts 0 this invention are
sui ted for usaalyst wheodheadyygendtaistine veponpdrase. oAlterhatolyy therpaoess may be

hydrocarbons. [.0072]. In its nost desired odi t, .t he nol ecul ar, si eve
s Do el it Mol e Vansk g, CR Bk e ot B b scd o5 a
catal yst in &fen a GQOMPhELOR Fhixed ¥EFRAIRER SihsOHIFaeR RadSsioheaRe, the

present invention also enconpasses a nethod for producing light olefins by
cont acti ng aselastuidies ekfeedtmpradettigantesiledenending vpry herratadyshinch a dri ed or

Cnvent on. VP GeRAB Tt RIS A 00 ot
feed cont ai n¢gongnediadxyageRadtersibdit 8106 bASH sefbdirfactor uhntaaitd B beRdltscale @ react or

apparatus with the nol ecul ar sieve catal yst conposition at process
condi tions eFrEREYYE- to produce light olefins, i.e., an effective

oTPer oLt st MR L o, SRR L L) g one
condi ti ons Aneffdeseropbadng rengetratide rivedeaan belfomt hlyout 2O Copoyrget@t atfeed i s
contacted w ’[thte1 lc}\;)eer end of the temperature range, the formation of the desired olefin
products may become markedly slow. At the upper end of the temperature range,
the process may not form an optimum amount of product. An operating
temperature of between about 300°C and 500°C is desired.

[0075] The process can be carried out in a dynamic bed system or any
system of a variety of transport beds rather than in a fixed bed system. It is
particularly desirable to operate the reaction process at high space velocities and
in a fluidized bed system.

[0076] The conversion of oxygenates to produce light olefins may be carried
out in a variety of large scale catalytic reactors, including, but not limited to, fluid
bed reactors and concurrent riser reactors as described in Fluidization
Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing Co. New
York, 1977, incorporated in its entirety herein by reference. Additionally,
countercurrent free fall reactors may be used in the conversion process. See, for
example, US-A-4,068,136 and Fluidization and Fluid-Particle Systems, pages 48-
59, F.A. Zenz and D. F. Othmo, Reinhold Publishing Corp., New York, 1960, the

descriptions of which are expressly incorporated herein by reference.



catal yst when the oxygenate is in a vapor phase. Alternately, the process
may be carried out in a liquid or a mxed vapor/liquid phase. Wen the
process iwOo®aned3esl out in a liquid phase or a m xed vaporClriusot/ahoghase,

di fferent conversions and selectivities of feed-to-product nmay result
dependi ng upon the catalyst and reactipp conditions. As used herein, the
termreactor includes not only commercial scale reactors but also pilot
sized reactor units and | ab bench scale reactor units. [0074] O efins can

general |y be[@7gpucedaay s@niird @omadeealGtalt SHRES 8141618 Tan b&MIse fnRRidinge
operating tenperature range can be from about 200C to 700C. At the |ower

end of the t&npbbetenmeoyipgbed sstrans dhweomsrereipl scale rarctorrsyetems 681 be pr oduct s

b . , the
o ocess may  DBTARLAE WA fhubl SalORab ALY BPRORTPEN S 106y AR 1 1e
tenperat ure e dasd y@MmAGGil sAllCaaod, BHBY isdefidsd bethe edghtdf The process

can be carried out_in a dynam c bed systemor any systemof a variety of
transport beB¥drogarhet inythe feedpenhoyrpsywisigat el mpleritlay sieyeconient of thg| ar | y

desirable to t@ .t [ j Lt and in
a1 Ut di zed Bae e R e oK R e e
| i ght ol ef i nsmagwptibeallydrerdoatbineduwith theaxygaragt yIlefmoblacuja soalcenteatial yti c

reactors, including, but not limted to, fluid_  bed reactors.and concurrent
Dser roact oftendeddomern paly themelegiar siss Rertiemiehissrriaged prithihei and o

Levenspi el , Rabeti his &cﬁtﬁﬁ@?orﬁﬂ&@n&@u@@ agﬁlnd&‘lﬁ,"ﬂilugﬁtrsJQne&s% fde chigcOr por at ed

inits entirety herein by reference. Additionally, countercurrent free
fall reactor sompyndts, efsed in the conversion process. See, for exanple,

US- A- 4, 068, 1 d Flujdization and Fl uid-Particle ste ages 48- 59,
FoA zenz anlUR R O PEBERET AREPGY st b e Cafes TSR aPREFRu80, ¢he
descri pti ons pRssubbd. Oheste@ pRSAIrESSE Yn tHRGHRUTAbSE (KR 1 BYut Fharence. WO
03/ 068395 PCJI2/ US02/ 34085 19 [0077] Any standard conmercial scal e reactor

system can bdhe&uagoing pregsirefgefon it g paEtl presyse Phije parEepiscompourtse
comercial s /S Aol §%§)§terrs can be operated at a weight hourly space
vel ocity (WH 0 rom}T r-1 to 1000 hr-1. In the case of commerci al
scal e react o[@79YHSV Ose defbritleradiltdits ey BBpredént in the feedstock, for

example, in an amount of from 1 molar percent to 99 molar percent, based on the
total number of moles of all feed and diluent components fed to the reaction zone
(or catalyst). Typical diluents include, but are not necessarily limited to helium,
argon, nitrogen, carbon monoxide, carbon dioxide, hydrogen, water, paraffins,
alkanes (especially methane, ethane, and propane), alkylenes, aromatic
compounds, and mixtures thereof. The desired diluents are water and nitrogen.
Water can be injected in either liquid or vapor form.

[0080] The process may be carried out in a batch, semi-continuous or
continuous fashion. The process can be conducted in a single reaction zone or a
number of reaction zones arranged in series or in parallel.

[0081] The level of conversion of the oxygenates can be maintained to
reduce the level of unwanted by-products. Conversion can also be maintained
sufficiently high to avoid the need for commercially undesirable levels of
recycling of unreacted feeds. A reduction in unwanted by-products is seen when
conversion moves from 100 mol % to about 98 mol % or less. Recycling up to as
much as about 50 mol % of the feed is commercially acceptable. Therefore,

conversions levels which achieve both goals are from about 50 mol % to about 98



hydrocarbon in the feed per hour per weight of nolecular sieve content of
the catalyst. The hydrocarbon content will be oxygenate and any

hydr ocar bwo oafssshs may optionally be conmbi ned with the oxpgeEnsne340Fhe

nol ecul ar sieve content is intended to nean only the nol ecul ar sieve
portion that is contained within the cgfalyst. This excludes conponents
such as binders, diluents, inerts, rare earth conponents, etc. [0078] The
pressure also may vary over a w de range, including autogenous pressures.
Desi red pr essiol &samdl @esimblyh&omaabgat &F mab¥itb aBolt I8RAcl%. dowevelithPa. The
foregoi ng pressures refer to the partial pressure of the oxygenate
compounds  afl8? asceRiaRledp ashieyresayersiondstenGsane)y 7o gpd & 09 H@ll%%g’é’i 9ddnt s nay

be present ip, &y liéﬂﬁg%cggltfng 1BLess EOBerite éoﬂv@r?ioﬂ ere O%in{a'f at Mol ar

percent to 99 nofar percéent,” based on e total nu nol es of all
feed and di | thenleve asimgraeninsbel efintethotlh Eanmibactbipersorooordinary skall al thst ) .

Typical diluents include but are not necessarily limted to heliu
atgon,  ni troffenEXERPIERCHYRCRILAE R APEFOrPeaY BRT 6 o AT BB PRe Qfdbese Of
paraffins,  &KaMARing SHE 8&icabh YerffRiAI@REpre&uRaMRw AR B! HAASY); le?] kY| enes,

aromatic conpounds, “and m xtures thereof. The desired diluents are water
and ni t r ogenand degresrofcataltseragaperatiand ainourd aflsetalyist rpudittubationatho spdegiian [ 0080]

The process nay, be rried gut. in a bat.ch, sem -continuous.or ..continuous
fashi on. - Therprigr suditbiatiops B Sred rofumd Sl i R Pef SR diebe o
nunber of reg&iveibnzones arranged in series or in parallel. [0081] The

| evel of conversion of the oxygenates can be maintained to reduce the
| evel of unwHi¥B2H by-lbreasneraon sgrgEres; be nederuddr sieve satalysheaaibsed

suf i ci ent | yo B gio b8y BYBLELANS 18Kt Bl EUMBLELAL Y HOdESIAbl G evel s of

recycling of "unreac e ron 1 n-unwan y-products is seen

when conver sdgefierf®d,sach aofor R4 pie by Yerhoviah catboRfeomd mifetils bebp. Recycl i ng
up to as rnuch as about 50 nol % of the Leed is . co rcially acceptable.
Therefore, EHAMGSINGROXY SYEFUYRINE BIBRIRNE G e Ihd dpsiFe £Mbodieent.tBen about 50

[ om about 85 B0 Y5 B Bhonr tOB Rul" Ba® Foumuae 7 rrnanedPRend B L2 Y 1o

achi eve convescsinmatdrbdwerth® 8onvetsidnh mactioh®0 nol % i n order
[0083] The oxygenate feedstock comprises at least one organic compound
which contains at least one oxygen atom, such as aliphatic alcohols, ethers,
carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates, esters and
the like). When the oxygenate is an alcohol, the alcohol can include an aliphatic
moiety having from 1 to 10 carbon atoms, more preferably from 1 to 4 carbon
atoms. Representative alcohols include but are not necessarily limited to lower
straight and branched chain aliphatic alcohols and their unsaturated counterparts.
Examples of suitable oxygenate compounds include, but are not limited to:
methanol; ethanol; n-propanol; isopropanol; C4 - Cag alcohols; methyl ethyl ether;
dimethy! ether; diethyl ether; di-isopropyl ether; formaldehyde; dimethyl
carbonate; dimethyl ketone; acetic acid; and mixtures thereof. Desired oxygenate
compounds are methanol, dimethyl ether, or a mixture thereof.
[0084] The method of making the desired olefin product in this invention
can include the additional step of making these oxygenates from hydrocarbons
such as oil, coal, tar sand, shale, biomass and natural gas. Methods for making the
compositions are known in the art. These methods include fermentation to

alcohol or ether, making synthesis gas, then converting the synthesis gas to



to sinplify the recycling process. Oxygenate conversion nmay be naintai ned
at this level using a nunber of nethods famliar to persons of ordinary
skill in wbe3oes3ps Exanpl es include, but are not necessar iPCy/uUSOmB40ed t o,
adjusting one or nore of the follow ng: the reaction tenperature;
pressure; flowrate (i.e., WHSV); |evel 21and degree of catal yst
regeneration; anount of catalyst re-circulation; the specific reactor
configuration; the feed conposition; and other paraneters which affect the
conver si on. [aRQEB& orlether.efpitbesdd gazrean be paglucedeisy kidwn protesses sach as eve

catal yst can be continuously i trfoduced S a nmoving.bed to a regeneration
zone where | SBRIC é‘mf%ge@‘étﬁ@reg?gde oging a4 regial exidiggiien-by removi ng

car bonaceous (Risgr i 2l $10bichs pRYCAIsHE he AR OLYBRMS HOBIRIRG, Al mospher e.

In a desired di ment, t cata ysst IS subject to a regeneration step by
burni ng of f palyhenaedwudrdepbhidfms, prtudarkepdyetblylenaand fodymropylenesi on

ti : 83] ..Th f eedst [ t | t [
Compound . whiORVEBIR HEVAEeN 105 CP OGP DA ER AT AIETAEH GOl phati o

al cohol's, et Rkdytic HBEQRMMre GATRAUPESichIBHFaBYESre KBTaAB&Se, Car boxylic
acids, carbonates, ‘esters and the |like). Wen the oxygenate is an al cohol,

t he al cohol agglérMdatiadadanidaiabyite dystemgp Ses, foterample, {h.brRatent NosO car bon

Mol ude but At teeesiaras oD s 3a07y 4etlEks: ERPRRIRT B Anchea
chai n al i phayizp2gles ol £249)60 1t AR datdlyis addiprated deQuiptiehPe dash beikxanpl es of

sui tabl e oxygenat e conpounds include, but are not [imted to: nethanol;
et hanol : n- pespraslY IncpEepateshagmen:byaaference olngenetsb these meihgds isolvd et her -

T o B R S LGB g
oxygenate comeuimdee dfeetinetofanalthe shlyatfiyprodudter, or a m xture thereof.
can i nl ude THBShdi « ROpaTeLERRo BRMIGPGC HESdL DRASEES A The
hcfocer bons g Al kO3 cahoke BOTERS-ARS L) 9o
i ncl ude f er meadriztl ioanattlow, Amkdiamodr high pieksare, baink iangwkara floasitoHugadar tohen
converting t hg 0 %grrs],t r113?)rs {)%cegs%ess éa?rimuqt?r/l go \?t?ogn? aIE) %2%%?&1%41&%91%56 usezd% and

the desired operating pressure is from 10 bars to 150 bars, with a desired

temperature range of from 120°C to 230°C. For gas phase processes, it is desired

that the temperature generally from 60°C to 160°C, and that the operating pressure

from 5 bars to 50 bars.

[0087] In addition to polyolefins, numerous other olefin derivatives may be

formed from the olefins produced by the catalysts of this invention. These

include, but are not limited to, aldehydes, alcohols, acetic acid, linear alpha

olefins, vinyl acetate, ethylene dichloride and vinyl chloride, ethylbenzene,

ethylene oxide, cumene, isopropyl alcohol, acrolein, allyl chloride, propylene

oxide, acrylic acid, ethylene-propylene rubbers, and acrylonitrile, and trimers and

dimers of ethylene, propylene or butylenes.

[0088] In the catalytic processes using the molecular sieve catalyst

compositions produced according to the present invention, catalyst particles must

meet certain particle requirements, including particle size, particle size

distribution, particle density, and particle hardness. Examples of molecular sieve



al cohol or ether. Synthesis gas can be produced by known processes such as
steamreform ng, autothermal reformng and partial oxidization. [00851 The
ol ef i ns pwodawoestousi ng the catal ysts of this invention camChasopaiogheri zed
to form pol yol efins, particularly polyethylene and pol ypropyl ene.
Conventional processes for form ng polygpefins fromol efins can be used.
Catal ytic processes are desired. Particularly desired are netall ocene,
Ziegler/Natta and acid catalytic systens. See, for exanple, U S. Patent
Nos. 3, 258, 45alysBpa3ide pBfertRs Bt ha@0probe B2 79 catdly 6O Broe8Sies theid6, 698;

3, 645, 992; ?%ﬁ 265; an d 4,243,691, the catal yst and process descriptions
of each bei ngh prEEd) IHE’&SSB?‘HPIQB herein by reference. In general,
these met hodgpggeyol VeAf&PEﬁléiﬁSﬁdhgtHere}ﬁrtﬁﬂ@sfdmh@%Bgﬁ@HnéM tBleRular sieve

pol yol efin-form ng catal yst at a pressure and tenperature effective to
form the pol y@lalsflsi maphadrcparti¢le 686 Hishitieonsech thel yasigefaian-tianrabongl Cat al yst
IS ametallog cata The, desired t e of oerat nis from
50C t 0. 2400 Sho PR 6o LAEIrOFSC LAY EE Edes FREsales Bp e dids Birior ni an
pressure, beipfderablyMoe bR atek hABOMS Wt BAIT thOcatd P4 padiches Hﬁ% alPhRG

carried out in solution, an inert diluent can be used, and the S|red
operating pr dissates Igss thanoon eggalia P9 1o ané easeprsferebly rmobgrd@tsr theq ab@ﬂﬁer ature

{he tonper at 1¢° QEneaRRy! PriResfE R HR5euaRET iGs 3l Pl pr cosure

from5 bars fien. 50 daather erhB&B@knd, theaddiist eompeditial iy @b@piistsl oftpARPUS Ot her
olefin derivatives may be forned fromthe ol efins produced by the
cat al ysts of Pamickes; ‘Hb"éﬁ% gfter calsngtion phibe galysheampastionorot grefterdban o,

al dehydes, 0 I acet at e,
ot hyl one. di ohP o gar RS R par e B e Brocd Rl gl PP G
cunene, i sopegumfio abouoRH0 urnaprecﬁérebly nobgteyter th}ahabmﬂéwtm Oﬁmbeﬂelyspm de,
acrylic acid, ene ene rubbers, and acrylonitrile, and triners
and dimers 8 léreﬁil}‘ @P "ﬁﬁ%ﬁ %?Féer&re%?ﬁty%%%quafl OFBSY 399 HoMen St al vt i c
processes UspRgehh§ doPbREI flan3bSUSvE L aﬂﬁétcata apéaﬁ&ﬁsg RO aﬂraggfag@
according to the present invention, catalyst | es nust

particl e reqdianstegreaterithal erdiqng tpéﬁ@um e Si ze particle size

05111 gy L, S50 e PR G SR AR

particles made according to the process of the invention have a particle

certain

distribution such that the catalyst composition is particularly suited for use in
fluidized bed reaction systems. In one embodiment, the calcined catalyst has a
particle distribution in pm of 2<d;¢<50; 30<dso<120; and 50<d¢(<250, wherein
dio is the average diameter in which the cumulative volume of the sample reaches
10 % of the total, ds is the average diameter in which the cumulative volume of
the sample reaches 50 % of the total, and dyy is the average diameter in which the
cumulative volume of the sample reaches 90 % of the total. Preferably the
calcined catalyst has a particle distribution in pm of 5<d;q<45; 40<ds,<100; and
70<dgp<200, more preferably a particle distribution in pm of 10 <d,(<40;
50<ds5p<100; and 90<dgy<150.

[0091] In another embodiment of this invention, the catalyst composition
made from the method of this invention comprises particles which are highly
attrition resistant. Such particles are particularly suited for use in fluidized

catalytic systems.



22 catalyst particle properties that have proved useful in catalytic
processes include the following non-limting exanples. [0089] After

cal ci nat iwp,036839particl es of the second dried nol ecul ar PCEUS2/B@8RI ySt
may have a particle size distribution such that not greater than about 10
w % of the catalyst particles have anogverage di aneter |ess than or equal
to 20 gm preferably not greater than about 5 wt % of the catal yst
particles have an average, dianeter |less than or equal to 20 gm and nore
pref erably ndD09R]leat ern thisimvatiiart, a@ritiovt redtstahcd, loe catalysd hasdnepgtid i cl es have an

average dianeter |ess.than or e | to. 20 I n_anof her enbodi nent, the
catal yst Conﬂggqsyqegﬁlsmg %&%Pﬁgﬁﬁﬁrgﬁéﬁfgg}tldexp@s’{’?*}épeér,heﬁ%‘ggi i after
cal ci nation Qfsed BercAhR iabureRERARthb @D sinfOhad) 8RELmeiHda aredipUt 10 Wt % of
the catal yst particles have an average di aneter greater t%ran or equal to

about 25.0 grauffmietiée nishsurenery dughdy eftritidrenesistanumolutlalsiee dakedystatuahy st
particles havet n av rage gj arre&ﬁrié]gr ater than or equal to about 250 gm
more pref er aBIYOSREPACG BT ERE £ B °lowt 9% of the catal yst particles

have an aver ggg93]di a”ﬁﬂl@'EMAR@h@fhoﬂbﬁigK%siﬁﬂl'dﬁ{o th® caRRnidRal DAPRGY ' n
anot her enbodi nent of the invention, the calcined catalyst particles nade

accor di ng t o lngex peibeds Thesmelirs thedtRIothemaare resigsant té afitritiond hentceithrut i on

h that th t al t jti i-S. ti L, V. it f i
Pl vag boder s it cb0 otk ERR s Rk hEhading B £0n e dratthiat 01 v
has a parti glaQindisSpaiidey dirahFing Mot 5 P8RRI 0omAsd BATERQ sta ditalsH 90<250,

wherein di0 is the a\(erag,e di aneter in which the cunul ative volune of the
sanpl e reachesp. Fpryexanatelye’, Gi0xce/mis@f hgroghe gas/is bubidedithaomgher witar-whi ch t he

cunul ative vao) .Of e l e.reaches 50..% of  t.he total nd .d90 is the
aver age di arrecto}é{g%luﬁg %llgbgfﬁr t? ﬁg&c@{}?}ﬁ? gﬁfo\ggn'vgpeuﬁ@t Wgog?%]epa@%ﬁ?ﬁ QughlEhes 90 %
of the total .attHtieheagbing ekftethe aatidbmeshatatathydighhafréusdidet itehBlediTekr i buti on
in gmof 5<d10<45; 40<d50<100; and 70<d90<200, nore preferably a particle
di st ri buti on HaViggnirogen resgonss iy, fines pagisiys with thedersonragaeiesiBing [ 0091] I n

The. mot hod of “TECE e ehbr ThEKEOt Al hifif BRI S BIPORA K ace Trom
attrition rediah#rtnitrGganhthgaxits tresphahetpablel dHedieypagitldseembiningtise i n
fluidized C%g %}Xrthlbl% rggrgge%tr‘.rgétalyst that has broken apart through attrition.

[0094] The nitrogen flow passing through the attrition cup is maintained for

1 hour. The fines collected in the thimble are removed from the unit. A new

thimble is then installed. The catalyst left in the attrition unit is attrited for an

additional 3 hours, under the same gas flow and moisture levels. The fines

collected in the thimble are recovered. The collection of fine catalyst particles

separated by the thimble after the first hour are weighed. The amount in grams of

fine particles divided by the original amount of catalyst charged to the attrition
cup expressed on per hour basis is the EMARI, in wt %/hr.

EMARI = C/(B+C)/D x 100%
wherein
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
D = duration of treatment in hours after the first hour attrition

treatment.



WO 03/ 068395 PCT/ US02/ 34085 23 [0092] In this invention, attrition

resi stance, or catalyst hardness, is neasured using an Exxonhbbi |
AttritiorwoaBeedsstlex (EMARI). The EMARI is used over othecTnsSaystoehent
met hods, since nmany other nethods are not sufficient to neasure very
highly attrition resistant nol ecul ar sieye catalysts such as those nmade
according to this invention. [0093] The EMARI nethodology is simlar to the
conventional Davison Index method. The snmaller the EMARI, the nore
resistant to attrition, hence the harder, is the catalyst. The EMARI is
measur ed by ' of ~cat al yst avi particles 5| ze ranging
from53 to 1 crongh? Salﬁm W&?@tﬁ‘%‘%"e?m ftrﬂag‘i“iW velg&lbare dxat el y
23,700 scc/ i lpéb@@ AR hng
bubbler to %%%Fﬁ‘hsﬂg)ﬁggﬁﬁrggg)gn&s%he ivlv%%atrllll@troger?%f)la rgéteﬁtﬁ%g% lﬁjtlhe

attrition cupyt %fhd I@aﬁetaé)lﬂhecaltcmedtmakmumpmwabatalysmanm@ts lmvpanous fiber
thinble. The_.flgw nltro nre s th i ner rtlc es the | arger
particles bei%wpgﬁ‘ﬁ@ﬂeﬁt ﬁgﬁ g‘&r 5]8§31? é?blif H?trﬁf?aéerstg?}hr ates the
fine catal ystapp@artti et ohr. fromthe nitrogen that exits through the thinble.
The fine particles remaining in the thinble represent catal yst that has
broken apart [##6dugh Eﬂl@ presmimnvepoomﬂn]usme en¢€tmmga;qs afdatpimedasaeaidart hr ough

the attrition.cu talne col | ect in the
thinble are rSIeeme)v%tég’ 5 % nﬁgg %a]P' p&ﬂhcé%%atvmgr%lle%w@ oh 8t grﬁé’?a fd. The
catal yst | ef tabout 1t WYt} prieterabily Uhhdt grsatétthdd 4dt 6.9rwtd0/hr,aflke biggrably3 hour s,
under the sane gas flow and noisture |levels. The fines collected in the

thinbl e are éaglaeder thanebaub3ekkt %84 of fine catal yst particles separated
by the thinblggiter gnﬁﬁlfl\]f Bn%‘t‘ﬁeﬁ%ﬁer%ﬁ&?ﬁg?wyﬂ% F@%{d@{ e grams of

fine particl ivide e original "anoun cata har ged to the
attrition leqiilcempg exaﬁﬂlﬁlegm}mﬂr arb dutended 30 ﬂlmﬁ*af‘ehpedﬂﬁd“&hbodlmem withixi . EMARI
= C (B+C)/D x 100% e ht of catalyst left in the cup after
the attritio et%‘éefaucf‘cnp%\iébg‘ﬁt‘m’@“% Y4@ied- fine catal yst particles after
the first hour of attrition treatnment D = duration of treatnment in hours

after the first hour attrition
Example 1

[0098] Dried molecular sieve catalyst compositions Al, A2, A3 (first dried
molecular sieve catalyst compositions in the context of the present invention)

were prepared according to the following procedure:

[0099] A slurry was made by mixing together water and a solid composition .
comprising 40 wt % SAPO-34, 10.6 wt % alumina derived from aluminum
chlorohydrate (Reheis Chemicals Inc., Berkeley Heights, NJ), and 49.4 wt %

kaolin clay (Engelhard Corporation, Gordon, GA). The slurry was comprised of

45 wt % of the solid composition. The slurry was then dried in a spray dryer to

yield first dried molecular sieve catalyst compositions Al, A2 and A3.

Example 2

[0100] Slurries were made from each of the dried molecular sieve catalyst
composition prepared in Example 1 by adding a portion of each of the first dried
molecular sieve catalyst composition to deionized water to form a composition
containing 45 wt % solids. The composition was initially stirred using a spatula.

Then the composition was mixed using a Yamato DL-2100 mixer (Yamato



treatment. WO 03/068395 PCT/ US02/ 34085 24 [0095] The cal ci ned nol ecul ar
sieve catalyst particles which are nade from the nethod of this invention
desi r abl ywbans®esans EMARI of not greater than about 1 w %Plmr/USPY/&foes abl y

t he cal ci ned nol ecul ar sieve catal yst particles have an EMARI of not
greater than about 0.7 wt % hr, nore prefserably not greater than about 0.3
w % hr. [0096] The present invention thus al so enconpasses a cal ci ned

mol ecul ar  si eve catal yst containing catalyst particles having an EMARI of
not greater t¥ragntifigignerice lne., GrangebypeN¥) ald0p rom foot nynems, ghert st@Mo@bout 0. 7
wt % hr, nor r rabl of not greater than about 0.3 wt % hr. [0097]
This inventi %R&wﬁisnggu%%tter understood with reference to the follow ng
exanpl es, whi[ohogre i mhe@Hmtﬂestdbtéihédﬁ%tthiﬁff&hﬁj&%rﬁicﬁta%z@?&ﬂﬁéﬂ&ﬂfoﬁs Bcﬁi@lt hin the
overall scope of the invention as clained. Exanple 1°[0098] Dried nol ecul ar
si eve cat al ysh2-dbhpikbe hespisaligr refapred rgag $limrg d, Shurd® anddilewyBar si eve

catal yst conpg .eEtji\%’l’Ss. in the context of the present invention) were
prepared according to the follow ng procedure: [0099] A slurry was made by
m Xi ng together water and a solid conposition conprising 40 wt % SAPO- 34,
10.6 vt % al na derived from al um num chl orohydrate (Reheis Chem cal s

| nc., Berkel al%‘?l‘@?lts, NJ), and 49.4 wt % kaolin clay (Engel hard

Cor por at i on, on, : i f % of the solid
conposi tion. [%ﬁsl urr ?I\rlgzsﬁbt ﬂl&%{ ?ﬁ?lﬁl&g@g&tégﬁ/g%@y%ﬁaﬁ}%é%ﬁaﬁl d first

dri ed nol eculfartheginsved can@h iversanpRs highashsarAhixeABilRadoABlacknsgphe, 2 [ 0100]

Slurries were,mde frome of the dried | ecul ar, si eve_ catal yst
conposi tion g\d%sﬁ%{’?l&?tﬁs atlf_;gdbpqp@ é)rgﬁmé?ﬂﬁﬁ'rgg‘%é?%ﬁ% Pipingd withdghotheghe fir st
dried nol ecuhigigSIiBVR HerdiImes berGREmPRShs ISLaR, 1191 9K Hﬁ-;é/e}ii" orm a
conposition containing 45 w % sol i ds. Tlﬁ? corrpos?tl n %@Esﬁ)ﬁftiﬁglrl y
stirred using a spatula. Then the conposition was m xed using a Yanato
DL-2100 m XerEx(amao WO 03/ 068395 PCT/ US02/ 34085 '
[0103] Slurry 1 prepared at example 2 and Slurry HS1 prepared at example
3 were compared for viscosity. Each of the slurries were tested for viscosity using

a Brookfield LV-DVE viscometer with a No. 3 spindle at various rpms. The

results are shown in Table 1.

Table 1 - Re-worked Slurry Viscosity

Viscosity (cP) at Different rpms
Slurry
100 rpm 60 rpm 30 rpm 20 rpm 10 rpm
Slurry 1 309 456 753 1044 1838
Slurry HS1 338 510 880 1202 2112

[0104] The data in Table 1 indicate that the slurry made using high-shear mixing
has a higher viscosity. This is an indication that the higher the viscosity the

smaller the particle size of the solids in the slurry.

Example 5
[0105] Portions of samples A1, A2 and A3 prepared in Example 1 were
calcined in a muffle furnace at 650°C in air for 2 hours. This yielded samples

Alcale, A2calc and A3calc, respectively. The attrition resistance of these samples



25 Scientific Arerica Inc., Orangeburg, NY) at 600 rpmfor 5 mnutes, then
at 2,400 rpmfor 5 mnutes. [0101] The slurries obtained in this fashion

from cat awpaB/oesapositions Al, A2, A3 will be herei naftePcrafser/s®esto as

Slurry 1, Slurry 2 and Slurry 3, respectively. Exanple 3 [0102] A portion
of Slurry 1 and Slurry 2 obtained in Exaxgple 2 was further m xed using a
Silverson SR4 high-shear m xer (Silverson Machines, Inc., Mssachusetts)

at 6,500 rpmfor 3 mnutes. The slurries obtained with high shear m xing

wi || be her ei waf determrinddeysirgrithe EMARBlest degerited in shredspStificatjonHThe results

respectively 103] Slurry 1 prepared at exanple 2 and Slurry
HS | preparefsgﬁo‘ggwg{%li were conpared for viscosity. Each of the

slurries were tested for viscosity using a Brookfield LV-DVE visconeter
with a No. 3 spindle at various rpnms. The results are shown in Table 1.
Table 1 - Re-F#mBK 65l urry Viscosity Slurry Viscosity (cP) at Different

S urry bt 3o te0 s BT S18M  Bad St iated i eatife 2 B et o ¢ ha
the slurry medtedusingg Wiaghtodhean spiayidiger) hﬁﬁ:ralm@hﬂbﬂbwﬁ'sgf?a?%hédé usitglss 1S an

i ndi cation that t he hlgher t he vi scosHy the smaller the particle size of
the solids i nPRatQFANgN nezglenplihe SBrAYOLDSE cpl@fhtlwn@eréﬂ%%(n@n@dwe A2 and
A3 prepared i ane! I f el 6 0Cin air
for 2 hours. j'Ishll;g yie tﬁlaléd a%l%aga%ﬂlgg an)r g?aéf Iéé(%)r%y lerrs B%ctlvely.
The attriti onThmy]ekiedra;e@ndfdr]teha&ﬂecmmiees cm@@ﬁ@ﬁw@m IrbipRa e85 26

was determ ne ng the EMARI. test described in . the specification. The
results are [gilﬂ‘aln in #gﬁp@yﬁne d products were collected in a cyclone, and -calcined
in a muffle furnace at 650°C in air for 2 hours. This yielded samples B2calc and
B3calc, respectively. The attrition resistance of these samples was determined
using the EMARI test described in the specification. The results are shown in

Table 2.

Example 7

[0108] Portions of Slurry HS1 and Slurry HS2 prepared at example 3 were
spray dried using a Yamato DL-41 spray dryer, operating in a down spray mode
using a lmm atomization nozzle. The spray drying conditions were: 40 g/min
feed rate; 350°C inlet temperature; 1 bar atomization pressure; 60% gas flow
carrier setting. This yielded second dried molecular sieve samples C1 and C2,
respectively. The spray dried products were collected in a cyclone, and calcined in
a muffle furnace at 650°C in air for 2 hours. This yielded samples Clcalc and
C2calc, respectively. The attrition resistance of these samples was determined
using the EMARI test described in the specification. The results are shown in
Table 2.



Exanple 6 [0106] Portions of Slurry 2 and Slurry 3 prepared in Exanple 2
were spray dried using a Yamato DL-41 spray dryer, operating in a down
spray nodwowsioesd9m | mm at om zati on nozzle. The spray dryiPeg/usonslioss ons
were: 40 g/mn feed rate; 350C inlet tenperature; 1 bar atom zation
pressure; 60%gas flow carrier setting. 27This yiel ded second dried

nol ecul ar sieve conpositions B2 and B3, respectively. [0107] The spray
dried products were collected in a cyclone, and, calcined in a muffle
furnace at 650C i n diablé 3r EMARA(wt Ydhisofxiabdinetimobmplarsidsz catatystsd
B3cal ¢, respeetively—Theattrition-tresist ‘hese sanples was
determ ned |usi ngEﬁﬁ'é’ﬂ:‘]\/i\Rl telst desdi¥asmRledn t he speci f i &Zapgple 7 The
results are [sh o | TR : EXS%{WI!)' 7T G Porti f—Shr HS1 and
Slurry HS2 pre%@gl&e at %giéﬁ%llde 3 werel(é sprZ%/ rllueJd usiksn%n bYan*at OWM
spray dryer, opédcdti ng i A.48 down spray nmpde using|a | €ieald omi|zat DOS

nozzl e. The |spray—drylng condition 1 40 g/minl feed rate;! 350C inl
t enper at ur e; 1A% &1t bmi 3ai on prggﬁ? e: 16099§as flow Ceal¢ i er| sefing.
Thi s yiel deq'—S‘gg‘gQg—dr‘i—er@}@‘m—er,ui Fgca‘.lé EVE Safghes ¢ and_ €2, —respectivel y.
The spray dried produgcts were [colTected iln a cyclone, and caldined in g
muffl e furnace at 650C in air for 2 hours. This yielded sanples CT calc
and C2cal c, ectiyely. The attrition resistance of these sanples was
det er mi ned Jéﬁf’?@ the\fg efﬁ%%ﬁ@é%‘cmeﬁ@ﬂier theypaieddees; the geefepthe The
results are sAewhn kddistah@l € 2. WO 03/ 068395 PCT/ US02/ 34085 27 Table 2 -
EMARI (wt % hr) of cal cined nol ecular sieve catal ysts. Exanple 5 Exanple 6
Exanple 7 Sanple EMARI Sanple EMARI Sanple EMARI Al calc 1.48 - - Clcalc

0.25 A2 cal ?«é 3% gZeaI c 0.83 C2calc 0.21 A3 calc 0.85 B3calc 0.63 -
[0109] The | oW¥™R'%8 EMARI, the harder the material, or the greater the

attrition regopfoance. Samples B2calc, B3cale, Clcale and C2calc prepared in Examples 6

D

t

and 7 were analyzed for particle size distribution using a Microtrac S3000 laser
scattering particle size analyzer (Microtrac Inc., Clearwater, FL.). The data are

shown in Table 3.

Table 3 - Particle size distribution in calcined molecular sieve catalysts.

Particle Size
dig | dzo | d3o | dgo | dso | dgo | dyo dso dyo Dos
B2cale | 14.4 | 20.9 | 27.0 | 33.0 | 39.1 | 45.8 | 546 | 70.1 120.2 | 185.5
B3calc | 14.4 | 21.4 | 28.1 | 34.8 | 42.0 | 51.2 | 67.0 | 1122 | 188.5 | 240.8
Clcalc | 14.1 | 20.0 | 25.0 | 29.9 | 352 | 41.5 | 492 | 58.9 72.0 82.4
C2calc | 12.9 | 18.5 | 23.8 |1 29.2 | 34.7 | 405 | 472 | 562 73.3 95.8

S. No.

[0111] All of the samples shown in Table 3 are considered to be calcined
material made from the method of this invention. The data in Table 3 show that
the material made from the high-shear mixed slurry (Clcalc and C2calc) had

fewer large particles after calcination than samples B2calc and B3calc.



Exanpl e 8 [0110] Sanpl es B2cal c, B3calc, Ccalc and C2calc prepared in
Exanples 6 and 7 were analyzed for particle size distribution using a

M cr ot r acwB380683baser scattering particle size anal yzer @KIrarso2/s48s|nc.,
Clearwater, FL.). The data are shown in Table 3. Table 3 - Particle size
distribution in calcined nolecular siewg catalysts. Particle Size S. No.
dio d20 d30 d40 d50 d60 d70 d8o d9o D95 B2calc 14.4 20.9 27.0 33.0 39.1
45.8 54.6 70.1 120.2 185.5 B3calc 14.4 21.4 28.1 34.8 42.0 51.2 67.0 112.2
188.5 240.8 O caCEAIMISt 20.0 25.0 29.9 35.2 41.5 49.2 58.9 72.0 82.4
C2calc 12.9 18.5 23.8 29.2 34.7 40.5 47.2 56.2 73.3 95.8 [0111] Al of the
sanpl es shown in Table 3 are considered to be calcined material nade from
the method of this invgpidiasy ofm&ﬂgaﬁ@wcmaif ﬁm@cﬁa@ﬁ%z\amcr@tcmﬁﬂ}& terial
made from the high-shear m xed slurry cal ¢ and cal ¢} had ewer

| arge particles after @al cipravidig a firs Iminpblesulmwe@amlw;t B3calc. WD

03/ 068395 PCT/ US02/ 34 5 28 ecul ar sieve
catal yst particles, ri si% H&lm&%’\%%"\?‘i qfﬁ%lgm%le?‘f ?rsstlevﬁr g@%ﬁgﬁbcul ar sieve
catal yst; b) comﬂbp@fbﬂﬁamd&&tca@ys@dorﬁpéw ar sieve catalyst with water
to forma water-catal yst conposition; c) mxing the water-catalyst
conposition to form a @I ur ripxingée vejerdaialysycemposiianrioyormpa sl gk t i cl es
of a second dried nolgcul a | h f claim1l,
wherein the water used”in bryﬁlgﬁr%er?@%i%a O%pagﬁ 9@\/{\57( }&%(rjder erably at | east
97 wt % nost pref@brRbhlyr dévd @agyst98 W % water. 3. The nethod of claim1 or
claim2, wherein the water used in b) is substantially free of any

nol ecul ar sieve particle. 4. The nethod of any of the preceding clains,

wherein the firstydrieghe method of claim 1, wherein the water used in b) comprises at

least 95wt%, preferably at least 97 wt%, most preferably at least 98 wt% water.

3. The method of claim 1 or claim 2, wherein the water used in b) is

substantially free of any molecular sieve particle.

4, The method of any of the preceding claims, wherein the first dried

molecular sieve catalyst contains template material.

5. The method of claim 4, wherein the template is selected from the
group consisting of triethylamine, cyclohexylamine, piperidine, dipropylamine,

pyridine, isopropylamine, tetracthyl ammonium salts, and mixtures thereof.

6. The method of any of the preceding claims, wherein the first dried

molecular sieve catalyst comprises catalyst particles.

7. The method of claim 6, wherein the water-catalyst composition is
mixed so that the slurry obtained in ¢) contains particles smaller than the particles

contained in the first dried molecular sieve composition.



nol ecul ar sieve catal yst contains tenplate material. 5. The nethod of claim
4, wherein the tenplate is selected fromthe group consisting of

tri et hyl awbDrg/0683yE| ohexyl am ne, piperidine, dipropyl am nePCTS02/8H08%,

i sopropyl am ne, tetraethyl amoniumsalts, and m xtures thereof. 6. The
met hod of any of the preceding clains, 28%herein the first dried nolecular
sieve catalyst conprises catalyst particles. 7. The nmethod of claim6,
wherein the water-cat alﬁ/st conposition is mxed so that the slurry
obtained in c) cohtai nEhgpmethiod obanysefthe preceding claies, hiaiher epaprisig®nt ai ned in
the first dried I . i 0 iLlon. .. 02/ 34085
29 8. The net hod fcggzﬁ%}g%*h%tq%}é&%%eogg%l r%éoc zﬁlln\ré\gng’(ﬁéc(r&?%gr?&% g%{lylg{g ng e)
calcining the particles of said second dried nol ecul ar sieve catal yst. 9.

The met hod of any of clainms 6 tqo 8 wherein the particle sjze of the first
dried ol ecul ar sY-eve EBg@ethed of anefcghrimgsyto 8a1‘”@%‘i¢“b*§Fé’?‘ﬁ‘§i‘i %, ofgke | east 10

w% of th . . i i |
0 € ﬁl@ﬁ_ﬁlﬁéa n@?lﬁo \Al(e;?léil?] %?ﬁ%?s%u@ﬁ?ﬁa’t,ca%ﬁgdlﬁﬁﬁcﬁﬂ 'rrJ 1838 16 has, or equa

to 20 gm 10. e wherei'n the particle size of the first
dried nol ecefithe patieles hewt al yvetage pasiclehdisheter less them oreduel teltlijon, nore t han
10 % of the particles have an average particle dianeter |ess than or
equal to 10 gm 11. The nethod of any of clains 6 to 8, wherein the

particle size of {he ThekidaiogdlaiRbeGHRM th ?é&ﬁcl%%lz%'o\f%ﬁe fi§t &ueh that,
after calcination, more than 5 wt% of the particles have an average

particl e di ameteenlaesjered catalysis spchshagraftehealcipgfonymorg than TRevibeatitbel of cl ai m
11, wherein copbinjng the first drigd l.ecul ar siev talyst wth water
i s perfor medPHEHE? f’%%)?inrﬁerége Pﬂ%fefﬁar?eg%slfmsghmb%rr%ug togl]ﬁ H%e first dried
nol ecul ar sieve catal yst particles break apart. 13. The nethod of any of

t he preceding clainms, wherein the water is at a substantially neutral pH
prior to conbi ni nht-wi t hhe methodof anyief deimed) teduvherei) by particlasidoaftthe 14, The

met hod of an . r ' N ' : yi scosity
of from 100 %ﬁfﬁgégﬁﬁgﬁﬁ%ﬁﬂﬁﬁggﬁ?é%%ﬁang E%E?%%ﬂﬁP%+ﬁﬂE%ﬁ%ﬁ@P53W§%oneter
with a No. 3ofift palitieledhaddar pryagtpartithediameieoeuatl toasrygredtertthan 2fi0gardi ng
clains, wherein the slurry

12.  The method of claim 11, wherein combining the first dried
molecular sieve catalyst with water is performed under mixing so that at least a

portion of the first dried molecular sieve catalyst particles break apart.

13.  The method of any of the preceding claims, wherein the water is at
a substantially neutral pH prior to combining with the first dried molecular sieve

catalyst.

14.  The method of any of the preceding claims, wherein the slurry has
a viscosity of from 100 cP to 9,000 cP measured using a Brookfield LV-DVE

viscometer with a No. 3 spindle at 10 rpm.

15.  The method of any of the preceding claims, wherein the slurry
prepared in c¢) has a solids content of from 10 wt % to 75 wt %.

16.  The method of any of claims 8 to 15, wherein the molecular sieve

catalyst particles obtained in e) have an EMARI of not greater than 1 wt %/hr,



prepared in c) has a solids content of from1l0 wt %to 75 wt % 16. The

nmet hod of any of clains 8 to 15, wherein the nol ecul ar sieve catalyst
particl eswolwsmssses]l in e), have an EMARI of not greater thaaeTSet388Hhr, WO
03/ 068395 PCT/ US02/ 34085 30 preferably not greater than 0.7 w % hr, nost
preferably not greater than 0.3 wt % hgg 17. The nmethod of any of clains 8
to 16, wherein the nolecular sieve catalyst particles obtained in e) have
a particle size such that 50 % of the particles have a dianmeter |arger

t han 30 gm ampdefemblylnet gtdaten tHEO. Ywt ¥, mbleprafetdbdeinef greayr thin 0.8evtpr ecedi ng
cl ai s, Wnerg(l drying the slurry in d) is by spray drying. 19. The net hod
of any of th °/B'F'ecedi ng clainms, wherein the first dried nolecular sieve
catal yst conprises a silicoal um nophosphate nol ecul ar sieve. 20. The

met hod of claim 19, wherein the silicoal um nophosphate nol ecul ar sieve is
sel ected from t he 1gr oughe ometlicst afragy of clgiR k81 6, SARERIB the mPARMIveSAPO- 44,

SAPO- 56, ALPO- 1 nd.ALPO- 34, . netal containin | ec r sjeves thereof,
and mi xtures C?%B’F{i .“ﬁ obtgifed ]r?eeb%ﬂe ?)Pargfzgis?ﬁ%?ﬁfr’?mggé%(’fsthe particles

si | i coal um napRoseiameRr 14B¢raBA 3 uhia8¥ 8mhBerSBAE 4G rom the group
consi sting of SAPO 18, SAPO 34, ALPO 34 and ALPO- 18, netal containing

nol ecul ar sieves thereof, and m xtures thereof. 22. The nethod of claim
21, wherein the sikico i noph ha nol ecul ar. sieve is selected from
the group consi stil?l'g o?lh gi %ﬁéogaqqﬁaﬁ?’ H%ﬁlgsp&cgﬁlélg ci?dpé’c@?eé?m%{}%gwhavi ng CHA,
AEl or a conbiungtihdnisdfy pris dpgg AEI framework type. 23. The nethod of any
of the preceding clains, wherein the first dried nolecular sieve catalyst
conprises a binder selected fromthe group consisting of hydrated alum na,

silicas, and/or other i ' ' . . . 34085 31
24. The nethod of 121 i S ,%&%ﬁg?wé%g?cﬁﬁ}gﬁ%%&g’?‘gl?né%l?% rsPdiet!
molecular sieve catalyst comprises a silicoaluminophosphate molecular sieve.

20.  The method of claim 19, wherein the silicoaluminophosphate
molecular sieve is selected from the group consisting of SAPO-18, SAPO-34,
SAPO-35, SAPO-44, SAPO-56, ALPO-18 and ALPO-34, metal containing

molecular sieves thereof, and mixtures thereof.

21.  The method of claim 20, wherein silicoaluminophosphate
molecular sieve is selected from the group consisting of SAPO-18, SAPO-34,
ALPO-34 and ALPO-18, metal containing molecular sieves thereof, and mixtures

thereof,

22.  The method of claim 21, wherein the silicoaluminophosphate
molecular sieve is selected from the group consisting of silicoaluminphosphate
molecular sieves having CHA, AEI or a combination of CHA and AEI framework

type.

23.  The method of any of the preceding claims, wherein the first dried
molecular sieve catalyst comprises a binder selected from the group consisting of

hydrated alumina, silicas, and/or other inorganic oxide sol.



chl orohydrate. 25. The nethod of any of the preceding clains, wherein the
first dried nolecular sieve catalyst conprises a filler selected fromthe
group corwogsiosryodf clays, clay-type conpositions and m PCOrEse2/54085 eof .
26. A nethod of recycling nolecul ar sieve catal yst particles having

undesi red properties, conprising (i) m>lng a conmposition conprising

nol ecul ar sieve, binder and water; (ii) drying the conposition to forma
first dried nolecular sieve catalyst; (iii) using the first dried

mol ecul ar si eve obBdai nekheimetbodpf ¢lpim 23, rwherdie theehihdot iodlumiyiumf clainms 1 to
25. 27. A calc%ﬁ Qgg d;mtl ecul ar sieve catalyst conposition conprising

catal yst partic “htier ei n the catal yst particles, after being submtted
to calcination, have an EMARI of equal or less than 0.7wt % hr, preferably
less than 0.3 wt % hr. 28. A nethod of making an olefin product,
conprising the steps ofTheguethedef aty of thepigsediekclaimpmihsichythatfirstelzied one

. . prbsiciythaiictisd
ol ccutar o1 cuecanraRy Bl Rufbfen SR KO0 DR B ome eteod of any

of clainms 1 tobaydbclay-type compositions and mixtures thereof.

26. A method of recycling molecular sieve catalyst particles having
undesired properties, comprising
(1) mixing a composition comprising molecular sieve, binder
and water;
(i)  drying the composition to form a first dried molecular sieve
catalyst;
(iif)  using the first dried molecular sieve obtained in step (ii) in

the method of any of claims 1 to 25.

27. A calcined molecular sieve catalyst composition comprising
catalyst particles, wherein the catalyst particles, after being submitted to
calcination, have an EMARI of equal or less than 0.7wt %/hr, preferably less than
0.3 wt %/hr.

28. A method of making an olefin product, comprising the steps of
contacting a feedstock comprising at least one oxygenate with the molecular sieve
catalyst composition of claim 27 or molecular sieve catalyst particles prepared

according to the method of any of claims 1 to 25.



