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active agents such as rare earth metal oxides, transition metal oxides, or noble
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Conventional methods of making molecular sieve catalyst particles include
mixing together molecular sieve and binder, as well as other optional components
such as fillers and other catalytic components. The mixture is typically stirred in

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

activate, the catalyst particles.

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

30  making molecular sieve catalyst, the catalyst containing molecular sieve attrition
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sieve. The attrition particles are essentially broken
particles that have been recycled froma catal yst
manuf acture process or a reagtion system The nethod
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Summary of the Invention

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

is circulated throughout the system at relatively high velocities and at relatively
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30 is circulated throughout the systemat relatively
hi gh velocities and at relatively WO 2004/ 105942
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catalyst is contacted with oxygenate to convert the oxygenate to olefin.

In one embodiment of the invention, binder, and optionally matrix
material, are mixed with the molecular sieve and dried molecular sieve catalyst to
form the slurry. Preferably, the binder is an inorganic oxide sol, more preferably

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

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

sieve catalyst has an ARI of not greater than 0.6 wt%/hr upon calcining, more
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calcining. In one enbodinment, from2 w %to 198 wt %
of the solids in the slurry, 5 based on total weight
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ZWAILLPOE%ZXIEIED%GJS%%M@I@@I@ molecular sieves thereof, and mixtures
thereof. Also preferably, the dried molecular sieve catalyst contains molecular
sieve selected from the group consisting of SAPO-5, SAPO-8, SAPO-11, SAPO-
16, SAPO-17, SAPO-18, SAPO-20, SAPO-31, SAPO-34, SAPO-35, SAPO-36,
SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44, SAPO-47, SAPO-56,
ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37,

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

Brief Description of the Drawing

An example of one embodiment of this invention is shown in the attached

Figure, wherein the Figure shows the hardness effects of using dried molecular

sieve catalyst as a slurry component in the manufacture of a final product catalyst.
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the catal yst, and nethods of using the catalyst. The

nol ecul ar sieve 5 catalyst is significantly harder

than conventional nol ecul ar gieve catal ysts, and can
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par size ranging from53 to 125 mcrons, into a
har dened steel attrition cup. 25 Approxi mately 23, 700
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exits through the thinble. The fine particles
remai ning in
The ARI methodology is similar to the conventional Davison Index ‘

method. The smaller the ARI, the more resistant to attrition; hence, the harder the
catalyst. The ARI is measured by adding 6.0 £ 0.1 g of catalyst, having a particle
size ranging from 53 to 125 microns, into a hardened steel attrition cup.
Approximately 23,700 scc/min of nitrogen gas is bubbled through a water-
containing bubbler to humidify the nitrogen. The wet nitrogen is passed through
the attrition cup, and exits the attrition apparatus through a porous fiber thimble.
The flowing nitrogen removes the finer particles, with the larger particles being
retained in the cup. The porous fiber thimble separates the fine catalyst particles

from the nitrogen that exits through the thimble. The fine particles remaining in
the thimble represent catalyst that has broken apart through attrition.
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mai ntained for 1 hour. Fines collected in the thinble
are renoved fromthe unit, and a new thinble
installed. The catalyst leftcsin the attrition unit is
attrited for an additional 3 hours, under the sane
gas flow and noi sture levels. The fines collected in

the thinmble 5 are reco d.. Th al | ect | .of . fi
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have an average di aneter |less than or equal to 20 gm
greater than about 0.6 wt%/hr. Preferably, the hardened molecular sieve catalyst
has an ARI of not greater than about 0.5 wt%/hr, more preferably not greater than

about 0.4 wt%/hr.

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

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

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

average diameter greater than or equal to about 250 um. Preferably, not greater
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have an average di aneter greater than or equal to
about 250 gin. Preferably, not greater WO 2004/ 105942
PCT/ US2004/ 012912 7 than abgut 5wt % of the catalyst
particles have an average di aneter greater than or
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Sbhpedy<is®, then dried so as to forma hardened
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N TR S o i
sipeve Crhaday®ethod®f Makigi n Cat al yst Conponent s
The catalyst of this invention is manufactured by first mixing together

various virgin catalyst components, liquid, and an effective hardening amount of a
dried molecular sieve catalyst to form a slurry of solids and liquid. The slurry is
then dried so as to form a hardened molecular sieve catalyst. The effective
hardening amount of dried molecular catalyst is an amount that significantly
enhances the hardness of a calcined final product catalyst (i.e., formulated

molecular sieve catalyst).

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

molecular sieve catalyst. Such components include molecular sieve, matrix
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According to this invention virgin catal yst conponents
conprise any 30 conponent materials conventionally
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?'-ﬂ fl?la% %Pllt_af { h<r)celi§t1% e:}c& dirft thq]k@].?ﬁiesa({ﬁh%WA% %ﬁgfﬁl,gsion
EhSRslif Norheritdiiise. Enﬂhmexdoﬂ@t@ﬁéblescmhesahe tapoldpgramtin

fully incorporated by reference. stal I i ne nol ecul ar.
SOREIHUY 6F 1eRPaecRllY Fogydnated a@mwﬁg%/t%%qlg the digfriework, and

TS Blab IO oML GHES (T MARRTIIPIN, N o
ctp;&rxéiolitetﬁd zealitecppe mibleexlat a'eveslfmhlch astrug/tpredms lbgen
des dlnte he si f the r. . t hat

gorblige aarﬁa$8é8negﬁéﬁ@e A EpSemiarg dSatibGin HE Mt
‘%eolzfg BLABR o INTBE 5rt15 Qcﬁnmg}fl%vlécrrl?dlﬁl\ﬁﬁ I BrndI4RE(2001), which is
characteristics include the arrangement of rings that
fhereim ﬁlll}ageqrpanatbd\msfﬁfqmr@sent t he di nensi on of

channel s, and the spaces between the cages. See van
Bekkum et al., Introduction 25 to Zeolite Science and

Pr act i ©§stabae ditfleRirisve ehaterReyalbRal cargl dinxdasivael] four-

Edi tion, Volunme 137, pages 1-67, Elsevier Science
Eomiectqqﬁar@qnﬁqﬂﬁ stm@mn@@ CORRRS- shqrg(g)’li(% tetrahedra, where T is any

tetrahedrally coordinated cation. Molecular sieves are typically described in terms
of the size of the ring that defines a pore, where the size is based on the number of
T atoms in the ring. Other framework-type characteristics include the
arrangement of rings that form a cage, and when present, the dimension of
channels, and the spaces between the cages. See van Bekkum, et al., Introduction
to Zeolite Science and Practice, Second Completely Revised and Expanded
Edition, Volume 137, pages 1-67, Elsevier Science, B.V., Amsterdam, Netherlands
(2001).

Non-limiting examples of molecular sieves are the small pore molecular
sieves, AEL, AFT, APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CHI, DAC,
DDR, EDIJ, ERI, GOO, KFI, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG,
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Non-limting exanples of nolecular sieves are the
smal | pore nolecular 30 sieves, AEl, AFT, APC, ATN,

WO\T0D4/145D%2 AWN BI K, CAS, CHA, CHI, DAC, DDR, PEDUS2004/012912

ERI, GO0, KFI, LEV, LOV, LTA, M, PAU, PH , RHO ROCS
WO 2004/ 105942 PCT/ US2004/ 012912 9 THO and
substituted forms thereof; phe nmedi um pore nol ecul ar

si eves, AFO, AEL, EUO, HEU, PER, MEL, MAI, MIW MIT,
TON, and substituted forms thereof; and the |arge

PHEF s BRI R Bl breoF e wblii AP mA RGBT

&ED EDONHED $ER,MELMEFMTMDMTMNMN;@dSﬁRtimted forms
Non- I|mt|ng exanpl e

theroofs cnfl 9 Preeore A Plﬁr %%ﬁr@ﬁs&m &%t%%ﬁf %es

@%{%@?Lﬁ@é E%E&ub?éi%(féﬁi%@lhﬂ@r JEMN?EL\P@I cﬁE)YDcﬁ&AGISC@tL

MER, MOR, varm StDB) a¥en- kmmMmcenhpMépqumd mplv;eular
nol ecul ar s %1 6{}e [ nvent f%‘i

SV BRI oo e i ST st R e
SleBh&S, qmludmmpvmtmgamsmtl FAUEHER/GES) ¢tiAawg MER

pore mol ecul ar si eves have froma 4° ring to a 12- ring

MFIGMER, éﬂTT,rML?é‘ﬁbTAM gstTONYy gn ea¢ pipferiadecrsidanentathe
Bt FEE ShRE el uesdf S ongiddy obt Chi 10hb R

térapndforathelebt, 3dost Prefdralfly aNHA tctgonxbgyal ly, the

mol ecul ar sieves, preferably silicoal um nophosphate
nol ecul ar si eves, have 8- rings and an average pore

si ze S

5128 SRR pHARh ARk 36 Bro AUEASILRs hF FBRGSL g 1d AT
aing opgehice ﬁ'lamd 2 Evprid- fytrl])m IB‘yl‘iéali}Q theboelbclardeved emlptdyed hblam
S| eves use erein I I f

R ol Grepr 42 TN G BHC RS ool AoprP AESRTe 12 P brge of from

uﬂa&% téq%h&a ﬁg&d&ﬁ?ﬂﬁé%ﬁcﬁ&r gleuté’sobref@fa@t
typlc 'y |nc | east [A1O4] and [ PO4] and

[sﬁc@dl]untr@pheﬂpédteaholmlusstevsuchlavag- rmgs and an average pore size

ilicoalu oph SAP.
Bish R S S S Rae e EE R hopn i Bl S &7t sxemplgom
AR Blab &AM PA NindPafiRfulfBifoe S A&y Lol Hake been 25
described in detail in nunerous publications including

for exanple, U S Patent No. 4,567, 029 (MAPO where

1 5 i o PR ey
{dakARIO,] and [PO,] tetrahedral units, such as aluminophosphates (AIPO), and
typically including at least [A1O4] and [PO4] and [SiO4] tetrahedral units, such as
silicoaluminophosphates (SAPO). These silicon, aluminum, and phosphorus
based molecular sieves and metal-containing derivatives thereof have been
described in detail in numerous publications including for example, U.S. Patent
No. 4,567,029 (MeAPO where Me is Mg, Mn, Zn, or Co), U.S. Patent No.
4,440,871 (SAPO), European Patent Application EP-A-0 159 624 (ELAPSO
where El is As, Be, B, Cr, Co, Ga, Ge, Fe, Li, Mg, Mn, Ti or Zn), U.S. Patent No.
4,554,143 (FeAPO), U.S. Patents No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO),
EP-A-0 158 975 and U.S. Patent No. 4,935,216 (ZnAPSO, EP-A-0 161 489
(CoAPSO), EP-A-0 158 976 (ELAPO, t)vhere ELis Co, Fe, Mg, Mn, Ti or Zn),



where El is As, Be, B, C, Co, G, Ce, Fe, Li, M, M,

Ti or Zn), U S. Patent No. 4,554,143 (FeAPO, U. S.
w@aieno®4No. 4, 822,478, 4,683,217, 4,744,885 (PFeHBPS0N4/012912

30 EP-A-0 158 975 and U.S. Patent No. 4,935, 216

(ZnAPSO, EP-A-0 161489 (CoAPSO), EP-A-0 158 976

(ELAPO, where EL is Co, Fe, , Mh, Ti or Zn), WO

2004/ 105942 PCT/ US2004/ 01291 10 U.S. Patent No.

4 310 440 (A1PO4), EP-A-0 158 350 (SENAPSO), U. S.

F MR M N SRS

I(DISSQE ?@ Ng6dJ( AP§9§ E i?%gnt‘}‘gg&%@%és Iga@ﬁégﬁ@ U.Y: Batent No.

44 9382 3BG¢ARIPSU)S. Ratedt Nea# 88,4 6 NGseABOY, U8 PHag Naand

s HRA205B AP0 Tl a8 s ORI b P Nos

P@V@@blé\%d%@%w&@u(f@ﬁm Palderﬁs Nobaf, By 41804,882,038,
4,894, 273 (AsAPS0O), U.S. Pat ent 4,913,888 (ASAPO

5,534, 32a0ehs,4 70687 (MgABSONISS. Hatsm'éq@%%ésﬂdﬁﬂvégoﬁ

(A 42 BRSPS 5 B 4 B O3

Pﬁit@lﬁﬂs N¥g. 4, 68(96@2 57816(956:%8@)4 793’ 833 (M@LA&’IS@ VSS Patents Nos.
309, 4 520 (Ti APSO | S.
P a0nDLL Risk6.196 B30 MBAPO) [55: Patae Moy 4. 1 76ag (RSAPR0), US.

0 Bty A TIRERRDRG S FyRRdaRE s ARG g
29380320 (ﬁAEPSﬂ), WﬁePeteﬁJsiPI‘éc;sf 48000611, 55, 2:8? andi4,605,492
(Ba8Co0R Y Pse 15 634 0L Qo Wi Ab IR0 R Brteni v

44,g§§;8é8 gGaAP%Y B8 243937 §é§%so4 whefs %ﬂraﬂe&é& ok&® unit
4,973, 785, b5, 241,093, 5, 493066 and 5, 675, 050, all of

WQOH),asevdiasdi.f. Pafkrity Noncb (o028, 4859354678k 8k 4,793,984,

15 A8 AR FEL A, 10y Shalf S, ARG ESR058 B0 ldhafes,
Ne st 899, Red b6y £hd INEM, 050, kil oNeWicKRE&hdrd %Ry inkipoRated by

herein ful'l'y incor porat ed by reference. The nore
praféreneeed nol ecul ar si eves are SAPO nol ecul ar si eves,
and netal -substituted SAPO nol ecul ar sieves. Suitable
nmetal substituents are alkali 25 netals of Goup IA

of t he Ofdrinosleculadkabdves piclude eiasetdsscribad &l Ra$iostakeHukdbook of
nmetals of Goup I1LA of the Periodic Tahle_of IS
(E9 Esew ich is

20 aMeleaul@sSigwsendVaignd Bewlipldy Neg, York, New York (1

herein fully incorporated by reference.

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

Periodic Table of Elements and mixtures of any of these metal species. In one
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i ncludi ng the Lant hani des: |anthanum cerium
praseodym um neodym um  Ssamarium europi um
hol m um er bP@IS2004/012912
thulium ytterbiumand lutetium and scandi um or
yttrium of the Periodic Table of 30 El enents,
transition nmetals of GoupsfVB, VB, VIB, VIIB, VIIIB,
and IB of the Periodic Table of Elenents and m xtures
g&?nézgg ;hese nmetal species. In one WO 2004/ 105942
U 4/ 012912 11 enbodi hent, the. netal
sartoditaents the mei#ds splesins! EIRBSEOHR CHsiTHE Oéd €n CREe

?l%%r K é}\/lév%% , né?h“ Fi, 2R and Zr, afd nfARirefliner8d¥d THe Xt &t4@%oms

atons  rmy be inserted into the
ayenimsértal inm the fremeivark of amelechlapsighe thrqughradbleshedral

u ni, t h

it ﬁ@ipﬂyﬁfq@ Sraeurpf e BiigePattle L R IRFPRRY o the

erﬁ@tgpéu%sﬁﬂugnto Qr SXRSlE TR Bhe ciBSdinicAE wiRhahe Sisfab Eubtswﬁeﬁt
has a val ence state of +2, +3, +4, +5 or +6, th

dhangelate stats dfe aheds 4., ami, theset ghargpefithe :Eet@ahadmlzumt 1s
I.n one tirrbgT rrent t he nol ecul ar sieve, as described

i BPIWETV 289 He U.S. 10 Patents nentioned above, is
represent ed by the enpirical formula, on an anhydrous

basis: nR (M, AlyPZ)C2 wherein R represents at |east,
one tehmr@tmdﬁ@@mthe plodscelea pieye. d@?cﬁlé’ﬁﬁi&nmanyo the U.S.

t e

RS AR ARCRD o3t tepres D s B erflisi PR il R OT

(p);ﬁ%lfyefo@blbys@ tg 0.5, and nost pr efler abI y fromO to

X, , and z t f ' f

and M as %/etrahedrglleIo{)i‘?’ggéM ‘\Hﬁ)e{@ N irg\cgl ?rgt gl AP
VB,

UFBEER i OTRRRR B o Wthplating b, prlBerablyeh orbie

Tehiptatiof dskrtyenis she rlefee oébiojesMfRspergadle of @dxAl R el m

of the

s el oR odnprofrattyl ta s, n® et et omeee S
f SHSAkesi AR ﬁ&le@%ﬁbn bOAD PlandaVis x@trawman@buaesawmre M
gt'eater than or equal to 0.01I. In another enbodi nent

nisiasmerbselested fréraone of Graypdhe A, 1B, HIB.JI Ve &8, 1B WA, 0

t out, .0. 25, . t.h e
S 0t b s O PRSI Pk 91
psaésphbm dﬂel&tﬁergtmqoe&ﬁlshﬁg 0PSi{ Cox C, s, IF@nGﬁ) @a, Mg Mn,
: y is from0.4 to 0.5, and2|sfrom03ti) ?
Ni, Sri, Ti, Zn and Zr. In an embodiment, m is greater than or equal to 0.2, and x,
y and z are greater than or equal to 0.01. In another embodiment, m is greater
than 0.1 to about 1, x is greater than 0 to about 0.25, y is in the range of from 0.4
to 0.5, and z is in the range of from 0.25 to 0.5, more preferably m is from 0.15 to

0.7, x is from 0.01 to 0.2, y is from 0.4 to 0.5, and z is from 0.3 to 0.5.

Where the molecular sieve is a silicoaluminophosphate or metal-
containing silicoaluminophosphate, the SAPO typically has a Si/Al ratio less than
0.65, such as less than 0.40, for example less than 0.32, and particularly less than
0.20. In one embodiment the molecular sieve has a Si/Al ratio in the range of
from about 0.65 to about 0.10, such as from about 0.40 to about 0.10, for example
from about 0.32 to about 0.10, and particularly from about 0.32 to about 0.15.
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W@ pdoaasakzim nophosphat e,

25 Were the nolecular sieve is a
si |l i coal um nophosphate or netal - contai ni ng

ratio less than 0.65, such as |less than 0.40, for
exanple less than 0.32, and particularly |less than
0.20. In one enmbodi nent theiamol ecul ar si eve has a
Si/A ratio in the range of 30 from about 0.65 to
about 0.10, such as from about O. 40 to about 0.10, for

A PhBp 2 2RAHICD oESARQ ARAEQ By fMrigp usefil herein
21)%&6]/6&1@5%31 %@réi@ﬁcgﬁ%sgﬂg?mmﬁ NARO- srrﬁ;AEOgll, ISAPO 16,
EABEPIY. Sutlo 28 PO SaRATRL SAtG S AE0 % 3aby a6,

gﬁgg@ SRR848, S SPEQ1L §A POAROSURO-42AVAP G147, SAPO-38.
APO 20" SAPO 31, SAPO- 34, SAPO 35. SAPO 36 SAPO- 37,

SDHE(O}MAJPCSAH’OXED 18ARR04T], ASROS4 APGABOAPO-35ARBO566,

PO- 5, . ALPGQ 11, Al PO, 18 PO 3 PO 34 PO 36,
cotar Ofseélar fetesther %HdrfPH‘é"‘r%AT]“S aPt ?}16&%3

bﬁﬁ&@l@ﬁy u@éfm ﬁb%&ﬁﬂbﬁ§e¢d§ af@loctdd frdh @sLeroup asilsistib ar | y
useful nhol ecul ar sieves are selected fromthe group

SORE-E3,iSP @534, S;AP@JJ% SASAPGH AP GAPCARY)-1 34, metal

SAPO- 56, | Al PO- 18, | GO

Ty ey g it R Plreol Bl ety me

ﬁfo@éoaraa bleyed i€ ) ﬁaﬁuha Brofip @vAsistafgeo A0 118 pIsAPona4
rouP consi sting of SAPO- 18, SAPO 34, AlPO

ALE@%ffs L&) metsheentaping deey Htives thrseofs andrmigfures reof

T B Bl PR e S A SRR e oo,
awiil abmbininglésrivattvésvieretd femdenik ttaadtharerf.ur es t her eof .

15 In one enbodi nent, the nol ecular sieve is an
intergromh material having two or nore distinct

cryst gl bhhenbhiasest, MelhbiBoaesidRlie sl rﬁérﬁﬁivﬁl{ enatema having
conposition. In particular, intergrow mol ecul ar

$ve vesosr dstitey cryistadlthei phatgs S}zlﬂmammmolmpbl pigwe ¢amposition.

bl 0 65089 and. I n

BuRredht Senovgideantsiges Aaseraieh M St 1o0g,

bx fcfonMibGibatfneNs. qoem165089yanur1ﬁ&ﬁﬁ%ﬁi1@d1bnyat% No. WO
erence. For ex SAPO- 18, A1PO- 18 and RUW 18

14 Stnmablished Amsb, HOVS:Berh ofhishPO T5aein A Lamepmorated by
T R T LN N S
GHework-type, and SAPO-34 has a CHA framework—type Thus the molecular
sieve used herein may comprise at least one intergrowth phase of AEI and CHA
framework-types, especially where the ratio of CHA framework-type to AEI
framework-type, as determined by the DIFFaX method disclosed in U.S. Patent
Application Publication No. 2002-0165089, is greater than 1:1.

2. Matrix Materials

Matrix materials are optionally included in the slurry used to make the
hardened molecular sieve catalyst of this invention. Such materials are typically
effective as thermal sinks assisting in shielding heat from the catalyst

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

the SAPO typical | y haBCHUSI00£012912
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Application Publication No. 2002-0165089, is greater
than 1:1. 2. Matrix Materials Matrix materials are
optionally included in the urry used to nake the
har dened nol ecul ar sieve catalyst of this invention.
Such materials are typically 30 effective as therma

sinks assisting_ in shieldin t fron1the cat
cootAbYss FeMpRsitiqrg incasesepital ysto%enﬁg spethayapsh fesnet %%éwmm
Non-
Ryl B 65 58 of YorkBiofOn kA Yoo Non
qﬁhmhg&kmﬁpkengﬁbnﬁmmhma@smmmxhcmbmengEGOERM3aﬂﬁnhﬁhbn
resi st ance, and to control. the rate, of. ﬁr sion i ﬂmaor

pastel %ﬂ%frmﬂrl@@gé%amm&}rwvﬁ rW%%nﬁﬁa&aw 3 BHRTSS
r"é%‘ise Fah Jlu’% iég&)foﬂ)? eRimpe! Slidtmph@eBiaCalitzii®Ind, Silica-
oxi des

including titania, zirconia, nagnesia,
tﬂttamaamhctaealwminaaa,ndqdmataiummaﬂhw or 5 sols, and
m xtures thereof; for exanple, silica- rragnesi a,
silica-zirconia, silica- titania, silica-alumna and

si i camajndehihddinit, Batrik in A8l &0 ddiviE Rlays naich | Iaxthose from
materials are natural cl a§ 3 such as those from
®

f tharifarhidiss of mapimardlonite epd keolimn I hrscoratvral ofgyssiaclyde lﬁféms
oLV RS R B BN Non

| lu@ﬁtiﬂg@aﬁp&ﬁbf ethepmabixmnterials Imoludmhaelidysits kavdinitelatickite,
| oysite , kaollnlte di cki.te,

aﬂ@@lj‘@, peanagsite-oRafieRally; fhe mav¥ P%@teﬁ’éf flaliablypffné(fog tha,lgys;
jpiigani 51%& €cfd {¥Req, R0 E@érﬁbmfbatea%ﬁn& B@iﬁg ded ANy

trea ore being used as a slurry
c copsuient. . Unded dre dﬂﬁmna)lmalcm&mbn ¢mhimnang tthomatreantegat will still

:que @}r}gtg{elre)équ}aggtﬁ%{a% | loprgt?% IS ﬂaéﬂgi hﬁ%}?o B)ggligrdewousl% used
p{nea}/éa(eé{?étxoﬁgﬁggmﬂ n a catalyst. fornulation. In a
ar e

particu odinent, the matrix nmaterial is a clay
or a clay-type conp05|t|on preferably a clay or

2 e SR L o 0 UL, 2088
”@érﬁ dsitior, Eréf@fﬁbllyrh cl&psd d1ay-hps cbmpﬂslﬁémnﬁfnﬁg)a foaw iromor

able solid content slurry; it _has a | qw
1 tl@@mm sontenicandaned preferblthe make métgélﬁ’rﬂé kagliyj Kgolig aas

t ge tt%ugci 9 l i pﬁr{plﬁgfeufl%h solid content shurry; it has a low fresh

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

Preferably, the matrix material, particularly clay, and preferably kaolin, has an
average particle size of from about 0.05 um to about 0.75 pm; more preferably
from about 0.1 um to about 0.6 pum. It is also desirable that the matrix material
have a dog particle size distribution of less than about 1.5 ym, preferably less than

about 1 um.

3. Binders
Binders are optionally included in the slurry used to make the hardened

molecular sieve catalyst of this invention. Such materials act like glue, binding
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preferably 25 fromabout 0.1 gmto about 0.6 gm It is
al so desirable that the matrix material have a d90
particle size distribution gfy I ess than about 1.5 gm
preferably | ess than -about gm 3. Binders 30

Bi nders are optionally included in the slurry used to

ket o s Waveomepieer au e ttee Kt M
%&%%9534&05%1% %ﬁ@@@@nd&éi& , tARbud thBes of inorganic

ar sieve and other materials, to forma
fooideods such esblrgted alupgngosilicaso and/poether inprgenig oxide sols. In

exanpl.es. of bpnders j.nclude. var. qus, tvpes af. inorganic
Speamboginent ghihe Juenliar A Bndft iy b Br ponaieh o o,
HrbREablyALBRHG Arsl dsak S Upbl heiig, prtinsaeobxidt sthes
i'nvention, the binder is an alum na-containing sol, 5
mostetedinip aalinereaiio axidsrerttk gemaerent, Weeh waRriGat he

I nErgani . oxi v nar g c
B
efxhedld, ¥ alumifiDoliwill canveat [denathmmiee okie nsdtéx éollowing heat
catal yst conposition. For exanple, an alum na sol
virsame®nvert to an al uni ni um oxi de matrix foll ow ng

heat treatnment. 10 Al um nium chl orohydrate, a

hydr oxyl at ed al um ni um based sol containing a

chl or i Armdniunt édorohydrat)l s bydmrylated slwhiniviom bagerd sol containing
chl qrohydrol , .has the general . fornul a ,

(P ored dsupispis 2t ranh o Aty HogniBl bas the gegeral

| RrmaufaQ 146,01 Gl x¢HE @), Wherdhieh % 1118 20, & & B8, loNs 9840, p is
enpodi nent,” the binder’is 15 A11304(CH)24C1712(H20) as

i 3t end Bési0 tn30G Inlongéhtberlivaent, the biader isSt ud.  Surf .

LR b AP RSt RATE AL wELSRMb el . S

r SdieLRIC&al | 76, pak N5 -18aPEdéviBN Amstidand 1 998) which ixlesrsin

are present in conbination with onelor nore_other

niaotporated iygrefovenes! & arsfthe apRodEMCIHEANSqr AT bipdsrsp3e

al um ni. um gx I OX%l - v-al L BT ' Tumi

Pl ] R e ol 0 A PREREL ot aumina

( Brafekid¥isieh as alurdlninih payhiatrekideijayminaabostinmite, and-transitional
aluminas such as o~alumina, 8-alumina, y-alumina, 6-alumina, €-alumina, K-
alumina, and p-alumina, aluminium trihydroxide, such as gibbsite, bayerite,

nordstrandite, doyelite, and mixtures thereof.

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

al um ni um oxi de, optionally including silicon. In yet

anot her enbodi ment, the bi'pgers are peptised al um na

made by treating al uni na hydrates such as

pseudobohenite, mnth an acid, preferably a non-hal ogen

aci d, to pre s ar alun1 um utlon

Non- | FRPES ﬁg Peiaens the Suten it bid ey o gl Ra R sieve i
Bl GhAR orgAThAL Bl 0 S)shitles Nt £an BSOSO G 1 1k8s than

nlca ., Naperville, III|n0|s and
Ky dad emmzwmhmangabf @omroolﬁ ﬂor9e48 Ry aicesientle dom O.

e Usb it e 038 0 fesg RERahbs drnenp g e 3%?8%%
i@k 0,180 bkt BigdaranbtBet fbsmmestyttrrwe letatio of the birideeto

range of fromabout 0.1 to 0.5, such as in th ran
dlfe foplenior sieveislie g rengepf fpns 0.14 4¢ OdRashshe@s imihepane of
of, f 151% db8 ut
BoRR S g2 P im0 el g PR RLLY o EOP1 256
e, laﬁ&lb@l{\}eﬁlehﬂyiﬂﬁmeIrﬁ@e)f@forrﬁoﬂnmabcﬁltl)EB to about O. 4
I'n anot her enbodi ment, the wei ght ratio of the binder
to the nolecular sieve is in the range of fromO0. 11
to 0. B6ntihs a b AROUaRixlRateRal,
| ess t el%gﬁgﬁﬁa?&t%}nggmﬁﬁlg ?1}1 tsg range of alr gm?) 15
tthe afeiplit ratid.c¥Bhe Hinderco thﬂena‘faﬂtrhz}temarl ig typicalin frenot:15 ok,

Sl AL R e
lcQIl)f’froﬁlhﬁ)oQﬂ 78 g/ v&é?gﬁt !ﬁ@ abigt 30% m&fghﬁ lsudkSas from about

from1:1 5, such as from1:10 to 1:4,
a&w bpavvdlglttub abduy Zﬂ%chﬂ welaht, end psticulpdy Aiepuahoub ahueight

BrepiETsGE bk ke RafEing b g fofig” i e,

bs)le\)/éednahﬁatnﬁ RAchtdpa t It Qlué Bédn)’foﬁﬂi@ma‘abﬁigheﬂs‘lfe\ke)cm&mghﬁd lb&er
to about 15% by ‘wei ght, based on the total t of

atrisioedten! incHreseshamaleaplar SPes e CREPPHSORAEE?

11, has been f. S 10 Ghiriti
I‘gl?x%r e )%1%%%9 n&%%@%g&hg@ggtrﬁ%&ﬁ%nf% gérs SI evelc.)n
crbiglansd oepeapbdition. per f or mance, whereas a | ower

si eve content and higher matrix content inproves the
attrition resistance of the conposition.

In general, the amount of binder and/or matrix material is such that the

formulated molecular sieve catalyst composition contains from about 1% to about
99%, such as from about 10 % to\ about 90%, such as from about 10% to about
80%, for example from about 20% to about 70%, and conveniently from about
25% to about 60% by weight of the molecular sieve based on the total weight of

the molecular sieve catalyst composition.

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

matrix material and binder), and can be prepared according to conventional
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99% such as from about 10 %to about 90% such as
from about 10% to about 80% for exanple from about
20% to about 70% and convenjgently from about 25 25%
to about 60% by wei ght of the nol ecul ar sieve based on
the t ot al meight of the nolecul ar sieve catalyst

it l.ecul a, Si
BB e Mo Fiaaler LB ey P oAl e oY iz amaigial
| Se BRES With A%iquleoSeAR a §ng,| Tk Bluedtigkneatared rm@ﬁwﬂysby

descri bed above (i.e., nolecular sieve, and optionally
neprasi dryingt ter foam aahtﬁdbncvid@ﬂgr sieyggatalyst. b‘ém & molecular

g%ﬁ”?e[g%%%ﬂl 1%8 o %gln a# U %fsg Orgzél".x{ryl gg(cguo pgocess |1t haslnot been

SAcBvBied ORI 19 Bsiderdd vieleh nabial rTE@dﬁd@@nﬁEhﬁéﬂ ﬁéve ca&ﬂﬁt is
m xed vvlthallqwdtoformaslurr The sl urry

is
t themugnd; asa, catﬁhésrt gpappEnblp foxp ﬂ%ﬁyhaaﬁifgneﬁgnol?fdﬂ%r@rw gatalyst
d

CSPERTRR A SRS, SRt PE I B conrn
UgigCorierr afitte b€ drtrholbcjarotass desctibébsbave] anleoptiobally any one
activated, and.is cansidered vir The

dfn TBere e e rmplx mpieyals aad/gr &%(erﬁg serifg ‘ﬁletl%éd as a
cat al yst conmponent to formthe hardened nol ecul ar

sieve catalyst conposition of this invention. Thus,
t he dr Ifddindep st luaed imineakengthe alkipd madeniaisieye catalystone

cTRen hedieGRR e R s REORHIRR orben pingRs
a@a@ﬁl%‘t BpERER, ARBGhIVRHe RN ing thelhardehed @z[taliy& dagiposition

used in maki ng the dried nol ecular sieve cata
coﬁthsnamntlonh &f binilerds nesidethe lamousy @f\lén@éﬂlaﬂ/@tpr@@re the dried

Conf'e[;j‘g faf glg&g Feﬁa d oﬁqé)%?l%{éc lr%n%%s HBAY f &W&Qﬁﬂ% ’ab@tﬂd

dene

CO0RDYI Wight, b&¥ed bhitle ol @rRidho bf thlefbll’ﬁleﬂ dl@ef mbfeculaesievd, Ard
amount of bi nder used to prepare the dried 15

nﬁ}l)t&mllﬁ incdydedanatax aajerial. e W@rﬂl@ h&lﬁs &ise-£ s dnng
e?% %@Itg %m&?nt%ggﬁ{) %@J"t@%‘rﬁz ecu LI S%f:lgl\glre&g@e cc:iitalyst

omnlgesnﬁbﬂn)abbmd%d@dnmgtt it Xbovm26%vd l@l weight meae pepferhely from
liquid
a@out 7 %( by welght to a% ut 1§/ % bg weight, based on the total weight of the

binder, the molecular sieve, and optionally included matrix material, excluding the

liquid (i.e., after drying).

In one embodiment, the slurry used to make the dried molecular sieve
catalyst component contains binder and matrix material at a weight ratio of from
0:1 to 1:1. Preferably, the slurry used to make the dried molecular sieve catalyst
component contains binder and matrix material at a weight ratio of from 1:15 to

1:2, more preferably 1:10 to 1:2, and most prefer';lbly 1:6 to 1:1.

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

be any liquid con\}entionally used in formulating molecular sieve catalysts. Non-



Preferably the anmount of binder used to prepare the
dried nol ecul ar sieve catalyst ranges from about 5%

whyoowaisght t o about 20% by wei ght, nore pref erm@i/ySionom2912

10

15

20

25

30

20 about 7% by wei ght to about 15% by wei ght, based on
the total weight of the binder, the nol ecul ar sieve,
and optionally included mathbx material, excluding the
liquid (i.e., after drying). In one enbodi nent, the
slurry used to make the dried nol ecul ar sieve 25

e g S eptrion oh e T Bt per, Mohd ks R R
Shidts! ¥r H8&Hbin SBterbhewdfe Bk prefeeeuliRtidsi eve catal yst

conmponent contains binder and matrix material at a
wei ght ratio of from1:15 to 1:2, nore preferably

1:10 1: nd . npst efera ; 11 :

i aui o tededlep R i EhE RAAR Hebitafnl] dot il nspd
GRRRNBthe A8 cAglyaitonipodetitthaybrevenibigsdah tye sisedor different
formul ating nol ecul ar sieve catal ysts. Non WO

Appi. 195 £mPEIIISPEY he Gambinsd 1ny 210y G1APS |-figlogkEEHI es of

sui tabl i qui Lacl - I 0 S,
bR isBul S G 8 EoiBilion BofRPIne BRIGRES: o 1
anifodiméttetic kirge liduidrefarailgeatearis ssedve, and t he
optional matrix material and/or binder, used 5 in
maki ng the dried catal yst conmponent may be conbined in
the sapRy, QiR sty Sttne mortelhr GRS ofiE ifler
conbi ned 1Tn any order, i.e., together,

sinduthdtein ectsials, ismipedror ingdlled/to ashiesie e anifomasiuoy of l§el-eof

I d . [ t.h lLiquid, .
el Ay st Hetcte dha rormtny wEffe: ol s dred,
ZrhgfeEMalogie\terh%tdWs!t B6mbaditisi. EMR foRnFheQRitirdfabe Hiyd@kentional

matrix materials, is mxed or mlled to_achi eve a
uiif, swaln aslauspray dyers nelletiger exteides grapmiate) efer Yo o prafpresd

fed to a formng unit . ' o
areiedre Bedvdtal Pl it B EE PR The g wmitis
MaYinRenclny atanyaaturOfdiciettto femewchmarisy sfrhayiqdidyfeom the
pel l eti zer, extruder, granulator, etc. In a preferred
1gu@ybodi nent, the forming unit is spray dryer.
Typically, the formng unit is maintained at a
tenperature sufficient to renove a nmagjority of the

|i qui dWhiepmspirs drgdris nsed aeienfoamsygr(eydryingy unit stypiseldly, dwe

t Sh]ﬁl'r; g% t@erlllgolgc?urlardsrigxie?gr)ld cl)'pofo%él éXtﬁlx %r?alttlegdl a%%r binder, is co-fed

to the spray drying volume with a drying gas. Conventional drying conditions can
be used. Such conditions include an average inlet temperature ranging from about
150°C to about 550°C, and an average outlet temperature ranging from about

100°C to about 250°C.

During spray drying, the slurry is passed through a nozzle distributing the
slurry 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 about 100 psia to about 1,000

psia (about 690 kPaa to about 6,895 kPaa). In another embodiment, the slurry is
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conditions can be used. Such conditions include an
average inlet tenperature ranging fromabout 150Cto
about 550C, and an average qgtlet tenperature ranging
from about 100C to about 250C. 25 During spray

drying, the slurry is passed through a nozzle
dlstrlbutlng t slurry into small _ dropl.ets o .
cosentriey SialEragdr oLl AT T pgmiggion fuid
/éh&msszﬂ lsQBml ﬁu@giy 6%-’@&_1,1 &Meﬁs@ft%l@%aé.he_ slurry through

a single nozzl'e or multiple nozzles with a pressure
drop in the range of from about 100 psia to about

2ot ndi et Bisek BRBoApRaR (ERRLY Rl BBy AR ifgka 11
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I stri but es slurr nt.o et s e .size
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rate, pressure, tenmperature of the slurry,
stubgtentiaily mntasmm dncd wiblachler suoxmaéfelygt composifien. Apiexpmplg of

rate of th These dr r a
PR B SO TMOETS LRI T Ty bodb Ty
t@ﬁf&H%n@ovPBfa@é& HHHRD tr@fef'e%_bé'ﬂ a partially,
substantially or tota Iy dried nol ecul ar sieve

catal yst conposition. An exanple ‘ a conventi onal

Spray ]g(rirﬁ/)' %ﬁﬁ [ gﬁt?fs 1nv§ntfgﬁs&{édqggznﬁ tljlaﬁ] tﬂé Iﬁlxtllﬁ%tusem form

4,946, I's I ncorporate erein by reference.

1fe eied PH1ROEESic06 céthiyst has beat hered idri drgingea nﬁmﬁmgumt but
the m xture used to form the drledﬁ{mlecul si.eve

chasaio beenrraleinsde Calenedeptalystnarg fgmg! BIng H FHPIRGHQAPRoeSS-

bJIlfle c%&ﬁat{b%;prg&%g LhSiaped 2 c%bﬁbtﬁﬁfbrﬁ@és@ ks Ea’ke@{)ﬁce ata
I nati on process. he cal ci nati on
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pl ace at gher tenperature tha t of
Diramase el B BiaT CORDIE P - Ui & themal dBelslion
process where the template molecules are dls1ntegrated into volatile compounds.
|

Dried also means that at least a portion of f’the liquid used during the
manufacture of the dried molecular sieve catalyst J]has been removed. The process
of manufacturing the dried molecular sieve proces%s is generally referred to as
catalyst formulation, with the dried catalyst generally being referred to as
formulated catalyst. The dried molecular sieve catalyst component optionally

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

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

component contains template material. Template materials are chemical
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Dried al so neans that at |east a portion of the |iquid
used during the manufacture of the dried nol ecul ar

si eve catal yst has been renpyed. The process 25 of
manuf acturing the dried nol ecul ar sieve process is
generally referred to as catalyst fornulation, with

the dried catalys eneral |y being refer ]

eimrine i ainodiod ot o8 et rafou Geg g el pidess.

gﬁhﬁ%% fob AR Ghe RiBIdcARAIYes thONERd3Sa Bittidealpe éhemical
irecting nolecules (i.e., tenplates). 30 In an

etntiatierie firmed. This latticesypp stiuctasessentially weans ad ths eve

R R R PR TR IR i o por
BET¢tS20101th @e2Bd1RculdSsi e@NTTbe nalsledulrtsicave és wltidetely forimvdated

the nol ecul ar_sieve manuf acturing process.. .Durlbn%lithet
frgp aeinighed ootalyre andpavaiedossarl 8EC ¥i7e Y E1GRIE of buthing ou
l.attice ty ' ructre. i bhate,

0 e Y RE EPB b ShENEHARA & LRTE e ilhfic,
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as a neans of formng a pore 5 sthr u&lt ur e \/L\]ilt hin tsprﬁcture
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oL ' i afeftlel 8¢ as ANdtraGlbtddine @ore
P%F%%gﬁéﬁs?}%ﬁﬁggﬁe §§%§F§@ﬁ?ng or burni ng pgt thg
tsestpinatel habnctveataptipsites @pen toathe dhwediste qpyEgnmgnt.
renove the tenplate, although calcination is
preferred. Once the tenplate is renoved fromthe

Mol ecW;iake Bk BM4Bnge Gondaiins REEEnIyShieliedrddnaoletilar sietehe
nol ecul ar sieve structure. 10 The pore system pore

wptlgstreomperenbargllesy rigetaus tiean the t}@écabﬁalpiﬁﬁf#%w@%ﬂnﬁ’i the
et g’ gy Pt
R B BRIl b o

CoReidd AMGastieait dMhd @ﬁgﬁ}m}gempatajmmedalrc?aemaﬁmpmm efa
catal yst conponent are |ess rigoroys than the i cal.
chemialytdesraded rmnlaten $he opainipg tq@%@t@@p s tlgep@g]éc\{é)grad%luon

gq?tg&lgg? ggfliwqgaél A 2. e?fei:tgfe iﬁggg&ﬁﬁsﬁfcti% eMalys@adi@b ¥Bthe molecular

ai ns st sone of the original
t Q&R int @pomtcdrintelthodriat mbkasiar sieyroratalyst cofpenent. Because the

thermalt |y degraded tenplate.,  The renainin enpl at e .
j 206ive Katp 1!811%@ giecaTReTR COW%B%&G\XWP apey% ?‘éﬁ?@l Aefraition
ﬁ%l{og&ét'o\fﬁle' t gfﬁ\’e‘? 1196 LikdserE RS taNVY3db1 S o @BtaBftictabgvity, and

cular ~sieve incorporated into the dried nolecular,
sihe\dgied atcddopdir sevepaalyst conBonanide cersidered to be in the non-active

form.

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, tetraethyl ammonium

salts, dipropylamine, and mixtures thereof. The tetraethylammonium salts include
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catalytic activity, and the dried nol ecul ar sieve
cat al yst conmponent i.s considered to be in the
non-active form 25 Represgptative tenplates which
can be included in the first dried catalyst particles
i nclude tetraethyl anmmonium salts, cycl opentyl am ne,

am ngnet hyl  cycl ghexa iLperidine, triethyl.an.n
AgtErenb aariwE byRRre A0, Ieras et srpmamuptposhhe,
MO RAR) R orhR FRBY & R tRR tHyPRAonRith blinii@e, tetracthyl
i'sopropylam ne and conbi nations thereof. Preferred
taembrd tumschioredet tetra¢thyll ammhorum3ge@iec | ohexyl ani ne,
pi peridine, pyridine, isopropylamne, tetraethyl
ammoni um salts, dipropylam ne, and m xtures thereof.
The t aibral DIARPBV i BinRdtdlgstiCuhpaientdy0 i it OuP2
P84 O E2R LAt ZOg?etraethyllgﬁknniun1hydroxide

, tetraet’hyl ammoni um phosphate, tetraethyl,
ammoni Vingiflcatehistieomposentadiawd, anddpiad mplesubsigee are mixed

tetraethyl anmoni ht or i de ef ‘ '

et o RV R K rorb R IR ey BT any
CRERO TR bgample Hé dirgindaftyisecobmplrleatsundfor Sieairtd Gadlatuiat
Virgin catalyst conmponents, liquid, and dried .

ot vscatadyst subheadded taihe diguid; H&gt%lé@ Caaigier?&deg RBRVIERal
tef rf?ét d é%?oﬁé}ltg i ekica ﬁ{eﬂrrﬁylecuqﬁeﬁe\%rc%ta‘i@sﬁ &fldlafly 8i¥aining
ofdet”. "For exanple, the virgin catal yst” components
advifhehis@at bé aubsemieatty hdded1 Ths nsiwtire mtthorpsghly atirrpdto form

added to the l'iquid, the liqui n.be added to.th

T sigmn Tesiors osshsarmad dhe b e aRr EGhe b fap
' ANgoated #RBINAI PBAuARIRE)SRES Hedmabe

z%%%%&%%%?#¥%§géeglOTheenix;ureﬂ?%uthoroughly stirred

t imrd@nethcatlyst wilt e matiefromrtbistshorsough the stirring, the
better the consistency of the slurry. In this case,

the slurry is also called the final product slurry,

since fhéhe dntdimdi o @ledBii@dios atha dyisd mldclilab sicv@ckalyst is
fromthis slurry. In one enbodi nent of the inventiaon,

t méxedrwidtiliguitl de tirara Enadpeodust dryst Thesliquit Reed taingake this
liquid to forma f.h.nal . . i1 QLU
R R T Bl BRI BL M o BREL el
| forfipdticRt Preferably, etk hiqli@ v ater. Sitevimat podligtssturry optionally

includes matrix material and binder as that used in making the slurry for forming

the dried molecular sieve catalyst.

The mixing of the final product slurry is preferably sufficient to break
larger dried molecular sieve catalyst particles included in the slurry. In general,
the more vigorous the mixing, the smaller the dried molecular sieve catalyst
particles formed in the slurry. Mixing using high-shear mixers is preferred. In
general, high-shear mixers are capable of rotating at speeds of at least about 3,000

rpms laboratory scale equivalent.

Solids particle size of the slurry can be indirectly determined by measuring

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



20 conponent. Preferably, the liquid is water. The

final product slurry optionally includes matrix
woredoendzk2 and bi nder as that used in maki ng thRCHUSZ00Y012912

for formng the dried nolecular sieve catalyst. The

m xi ng of the final product slurry is preferably

sufficient to break 25 larger dried nol ecul ar sieve

catal yst particles included in the slurry. In general,

the nore vigorous the mxing, the smaller the dried

cul ar, sj eve _cat al a f i.Q t .
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spin ee dryers to formthe
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e Peruet SR e et Ao St s har (5 bits) 'Lt
hess@ o BOOSPA/Nech anfl QR BRE4EDLy B M6but B5( GPSF m Bﬁ@e)c) to
to about 12,500 cP (12.5 Pa/ sec), as neasured using

Brtook10,80Q1cP (LOR#see), 26 oreesuaed wiikda Brogklichl BYINGE §1sa?metef

Bre the final product slurry has a
15 W&fé&ﬁ% SBfn%ﬁ‘?% dBBut 200 cP (0.2 Pa/sec) to about

10, 500 cP (10.5 Pa/sec), and nore preferably from
about 350 cP (9.375 Pal/sec) to _  about 10, 00Q. 10
Pa/ secin ar@éhwa@eé@wnaéh%@naé pradysksiiay fag a5 & CoRtant of

Vﬁé ORGhel w}% nt\é“ a{iaguta7 SNQ% %y azfsgﬂ B lt@cala\km% SR sl{lﬁy

tHer e od roduct slurry has a
SPicfetablgaind £idl pedduct slamy hhmaﬂoh]i@ cotiteb dfdirca alorut 15 wit’o to
20 W%bo?l?%g gvto"/?, rglgrte%referabgrhém()f bctnﬂ.eZO th'l’% tX about 65 wt %, based on
the total weight of the slurry. The solids content can be measured using any
conventional means. However, a CEM MAS 700 microwave muffle furnace is

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

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

30 about 80 wt % dried molecular sieve catalyst, based on total weight of solids in
the slurry. Preferably, the final product slurry contains from about 20 wt % to
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Preferably the final product slurry has a solids
content of fromabout 15 wt %to 20 about 70 wt %
% to about GBCTMISEHN4/012912
based on the total weight of the slurry. The solids
content can be neasured using any conventional neans.
However, a CEM MAS 700 m crgmave nuffle furnace is
particularly preferred to give results consistent with
the values recited herein. 25 The final product slurry

contains s nt. dr.ied cul ar o

phasy @t o ﬁ%\? @ﬁﬁeauws PEuTY Y§1 e Pfgfiew ?&t“w% %18
lo 519 bdil@nidtmlab htcnmohd

G520 20 ticd e Rl b oo Lt eghinao

dmmhdqnolecular si eve catal yst, based on total weight
of solids in the slurry. In another enbodi nent, the
final product slurry contains fromabout 15 wt %to 30

about T80 fink] Pl @idt SRiryRlRshainssuéficdert amaegmr sidvaselle on
total weight of solids in_ the slur r abl {
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final product slurry contains
from about 10 vvt %to about 93 wt % nol ecul ar si eve,

based on. to ht _of L the slurry.
efeﬁgﬁmﬁanaﬁgyg?ﬁ%ﬁﬂﬁﬁgﬁﬁgf(gfb$¥& Ycontains from

about WMa] PokiBctaat cAbewdricdouRilo@atcanventions drying e

preferably from about” 20 wt % 10 to about, 80wt %
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CRRVEN AN diedifrsting is saéiball Cacihation Malrmam and/or
nmol ecul ar” si eve cat al f/st conp 05| tion.
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f or | I8y (BhitRstion product
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al@@l{ B oxy@ed)] vedrgsconttendian dissnent. #ot, eptiprallysiogtagning water, is a

cat al yst co osi ti.on. IC|nat|on media useful in

tmﬁgﬂfﬁﬁﬁﬁt ﬁkFWEPﬂag nitrogen, helium flue gas

(conbusti on product

Conventional calcination temperatures can be used to form the hardened
molecular sieve catalyst of this invention. Such temperatures are generally in the
range from about 400°C to about 1,000°C, preferably from about 500°C to about
850°C, and most preferably from about 600°C to about 800°C.

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

molecular sieve catalyst composition and the temperature.
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tenperatures can be used to formthe hardened

nol ecul ar sieve catalyst of this invention. Such
tenperatures are generally ihg the range from about
400C to about 1,000C, preferably from about 500C to
about 25 850C, and nost preferably from about 600C to
about 800C. nventl cal.ci nation, d VI can

used IR OpRFR ‘i’ﬂ?@ﬁ{ ?gtﬁe eaHon, dpraysied arrs(1) Vg Cgtalyst
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cination tine is typically dependent_on the
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conposition is heated in nitrogen at a tenperature of
freourtaiout 5 howrs ang raew ipre elabb' Q8 2Pyt rh howes Wa@%@%‘blaours
nol ecul ar sieve catal yst conposition. Heating is
carried out for a period of tinme of from about 30
minut eslethod afVlsinglibe H@tﬂeaed Mopmatae Sadvie\Catalgsh about 1
hour to about 10 hour.s, r%ferab:ng?ﬁl{/om abo

hour t Bhexgséalyst somppFdon AOPYEFE mfﬁ'Yﬁﬂe

0)
T
C@p oBatentcNts 630858 V]oednghm\molacruéarmghn(MW) é d/raﬁarbms to

Ploiet ROV e Gt empons duetr iny o for pfirafle pefy R arbior
ﬁ e ’fgb'azaoclgrls&h&%ﬁomf@@ﬂ’éx@fnp‘i’@ér@ﬁhﬁ&sl\é&h as xylene;

rocarbons to |ower MN hydrocarbons: dr ocr acki ng
opolfymerizstmmpdifoh exanplp ene ot warn Aeid(®yto pwg»cp @ polymer

fee st.oc r|zat|on
= S et
”H%?(ﬁ'o@ir&fﬂs% $omdve spiafithtl 6&1ﬂpmfmﬂﬁﬁbs&:ﬁ)ﬁphp@ﬁmr gxample alkyl
orm ng; hydrogenatign; dehydrogenat i oEylédevva

ofirofrstic esanpings foRAsPFEHRS amaseTBeT? lahto)f(éﬂaqxﬁmple
par af K iC
oL e RS Ao
%ﬂyﬁhb aﬂprodlﬁcefdmmm anplith lomg dmat oleﬁhsy dhranszaék)tlainml efifsn

as enzene and al k benzen i onal |

pPEpYIIeACOPBIHE] ot woBaheAet B?lygﬁ(yﬁr%%é Hiigtarbons:

OhEdikAShor: hPaS ALl AHoANdisRopbfonation, of for example toluene to
make benzene and paraxylene; oligomerization, of for example straight and

branched chain olefin(s); and dehydrocyclization.

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

aldehydes for conversion into alcohols, acids and esters.
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toluene to mneke benzene and paraxyl ene;

ol i goneri zation, of for exanple straight and branched
chain olefin(s); and dehydrggyclization. 25 Preferred

processes include processes for converting naphtha to

highly aromatic m xtures; converting |light olefin(s)

t line, distillat d.l ubr.i ts; '
vy gereaBoN BReGEHiHOSSS DR VRIABHAG 14 LRES AR FY ATE o
%bgéér&%n dpdk stoﬂi ﬁgﬁ{ei dt fioré B%ﬁ(ﬁ@sp.\/ ehibagy, teseéditrked

hydr ocar bons (et 2ne and/or acetyl ene) to al dehydes
foontaimsrone os irore lifthetiedconthiving coaoysdasgh st dresaliphafionD

2004/ 105942 PCT/ US2004/.012912 . 24 Th t pr r

PO ELOn R 170 Bhe o R0 asFi S0 AR PaG P st
GRSNME 81 QanPle RohaadI0aIbohAtENAE a0d pariietiRrigli@hi hfs) carbon
Typically, the feedstock contains one or nore

atémhat i c- cont ai ni ng conpounds such that the aliphatic
noi ety contains from1 to about 50 carbon atonms, such
as from1l to 20 carbon 5 atonms, for exanple from1l to
10 cankemnlialiimexatplespdatipledticasontaiting torhpdumdd imduwdzon
atons. Non-limting exanples o£ al i phati c- cont ai rfi ng
cdeahelsriush phiwethgeol aad ciRepk alkyLmeLrabtaps Highse mey

Sy 9855 40 9T e B o

apta s such as ne
ssukh hglmetipldayihenillné sthesssmoh as dimetinyl lether, écthyl| etyer and

ey rEoNghenaha Tk prchnrll Slaie a8 S flbrae, aliy
glllyﬁﬁéﬁ 3%}%%&%&1 k&@ﬁélg) rhraRdeRb il and@i-RAE cigs Glthas acetic

ket one, "f ormal dehydes, and vari ous aci ds such
axidcetic acid. 15 In a preferred enbodi nent of the
process of the invention, the feedstock contains one
or nore oxygenates, nore specifically, one or nore

or gani g a srefRel REhSding@n baiheipigtesd of tha fiventicn, theyfgedstock
atom In the nost preferred enbodinment of the process

ofontaigeens GMOTE REYERREAeES SPecifipally; eRutBeIe F&hhe or

compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic moiety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
and most preferably from 1 to 4 carbon atoms. The alcohols useful as feedstock in
the process of the invention include lower straight and branched chain aliphatic

alcohols and their unsaturated counterparts.

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

and mixtures thereof.
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atons, and nost preferably from1l to 4 carbon atons.
The al cohol s useful as feedstock in the process of
the invention include | owergstrai ght and branched
chain aliphatic alcohols and their unsaturated
counterparts. 25 Non-limting exanpl es of oxygenates

I ncl ude net hanol . et hanol. - 4pr 0l .. |

ot hy 5 B el G Rt s WEHERER it i RRRE heor
S0 bPR¥thaRb D efhend108iFR S BIHEE diclhyTRiHty br & astabinatien thereof,
di net hyl ketone, acetic acid, and m xtures thereof

3mprefoctlyrosham] poidiussiog sl 20d mospprefarahly esiap!
preferred enbodi nent, the feedstock is selected from
one or nore of nethanol, ethanol, dinethyl ether,
di e}g hyﬂhgleuaheﬁs %&d@odk@ discnatd aboviehpardodlarly afeedstock
preferably nethanol and di nethy her, and nost }
SPEREYRG Y OXyeREAJNOTCPAtICHIATY %E‘ESL“? utayppg an alcohol, is
! r@ﬁﬁ i eIt iin®. feRdd 6QAiINdNY
gﬁﬁ%#§§§%5 e,yﬁg?gﬂ%grt?%ﬁ{g%f@ gggeeﬁggggﬂ containigg
geedstockitgdicallyshave diowe? teedD garboraatding, prafecabing t@8 cabpe

| efi . [
BT MY DFATED B 2 T B BT G SRR Br by
tRorlls, G t pREQIy af%ﬁyl%e%ﬂ@kﬂr%p}geﬂeo 6 carbon

atons, sti nore preferably 2 to arbons 10 at ons,
and nost preferably are ethylene and/ or propyl ene. The

t al yst iti . of L 2nt i ' '
et ul T e SpmpRaed ot R it PR Llhe
%ﬁoéé@?ﬂﬁt@ﬁs‘%eﬁeﬁh?ﬁéf@ﬁed CEhPsBoesefs (GIIO) rowss oel v,
t'he net hanol -to-ol efins (MTO%@gr ocess.. In this

pisoasiyslyathe 1Stphtmelefes (MERLPICRSS: HBEHS Pio&fSr &bl y a
TRARRNRe FRALSUOG, LERAMOE nerlhol CAMEIGTdsck e

ar sieve cata ositilon

| d¥nQer@tEinQhe pi¥diRe of & tioldca)ar sieve tatnlysl oprgodition into one or
predom nantly, ethyl ene and/or. propyl ene. Using the

corsl gfefin(eh Rpsarely sad sredomanantly.sihylghe #ngforptepylene.

conversion of a 20 feedstock, preferably a feedstock
contai ni ng one or nobre oxygenates, the anount
Using the catalyst composition of the invention for the conversion of a

feedstock, preferably a feedstock containing one or more oxygenates, the amount
of olefin(s) produced based on the total weight of hydrocarbon produced is greater
than 50 weight percent, typically greater than 60 weight percent, such as greater
than 70 weight percent, and preferably greater than 75 weight percent. In one
embodiment, the amount of ethylene and/or propylene produced based on the total
weight of hydrocarbon product produced is greater than 65 weight percent, such
as greater than 70 weight percent, for example greater than 75 weight percent, and
preferably greater than 78 weight percent. Typically, the amount ethylene
produced in weight percent based on the total weight of hydrocarbon product
produced, is greater than 30 weight percent, such as greater than 35 weight
percent, for example greater than 40 weight percent. In addition, the amount of

propylene produced in weight percent based on the total weight of hydrocarbon
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such as greater than 70 wei ght percent, and
preferably greater than 75 weight percent. In one
enbodi ment, the anount of etpyl ene and/ or propyl ene
pr oduced based on the total 25 wei ght of hydrocarbon
product produced is greater than 65 wei ght percent,
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éne ced 1 n weil ght” percent based on
tkﬁwﬁuﬁMmaghntof hydr ocar bon product produced, is
greater than 30 wei ght percent, such as greater than
35 wei ght 30 percent, for exanple greater than 40

wei ghtr, Rea®BAte tHebx§eehatd maponbet, arshuR imedhanoR tiepfcedsieck
produced in m5|ghtzgmfcent based on the total weight
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dweliten ateenciy é‘?’f’e §R1DoR foRo%d pxide gt gigeptiply non-
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ner al non-reactrve to t stock or nol ecul ar
Sdseanaaﬁﬁha]h y&dictico apasiit icampeunds sanel rhixpiresithieseolis €k most
red the concentration o f eedst ock. ..
NS errﬁﬁﬁfl}l?f&s %@MF@@W%@P%&?&afﬁﬁg’ﬂ?@é’aﬂr%‘ﬂwﬁfefmd-
argon, nitrogen, carbon nonoxi de, carbon dioxide,
water, essentially non 10 reactive paraffins
( especTlz dijucat, Kaneemplrhatas naythiearsed cigien iine liquidr a vapor

ﬁ‘ﬁanﬁ%‘? @ﬁ%e(ﬁ{ 3l % Sﬂ[ iélg% Crtnél}\{. eg‘ G g?&éle% d1¥ectl¥ to the

dfek&t%ttlcsen@érﬁlgvﬁe@étoﬁ&%dﬂhd 8RR, to thd feacted, of admsd Rdth the
particularly preferred. The diluent, for exanple

wablseulansigvéeatalyg¢ompesiieni n a |iquid or a vapor 15
form or a conbination thereof. The diluent -may be
either added directly to the feedstock entering a

I eact oTh@presetdl @ebodsy @ﬁﬂabyboﬁdllctdd&)weeamdﬁ range ofighperatures,

with the nolecular sieve ¢ C tion. e
psush apin {he sangeol dkgm phové 89‘21"@ Ow&?)gpewﬁoa EXqplg E‘OB?
¢ ng6e®fo ol APt
R S o RS2 Clo o
conveniently from about 300°C to about 650°C, typically from about 350°C to
about 600°C and particularly from about 350°C to about 550°C.

Similarly, tﬁe present process can be conducted over a wide range of
pressures including autogenous pressure. Typically the partial pressure of the
feedstock exclusive of any diluent therein employed in the process is in the range
of from about 0.1 kPaa to about 5 MPaa, such as from about 5 kPaa to about 1
MPaa, and conveniently from about 20 kPaa to about 500 kPaa.
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particularly from about 350C to about 550C. 25
Simlar|ly, the present process can be conducted over a
w de range of pressures inghludi ng autogenous
pressure. Typically the partial pressure of the

feedst ock exclusive of any diluent therein enployed in
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20 lift and, where feedstock contains nethanol and/or
di methyl ether, is in the range of from about go, Er-l
t o aboWhesobe process. is pprdustod i a pluiheaddedsthe sHpRIEF @SN
a fluidi i ci ' WE
vt 6 e A RAL by Rl A4 BHEh PRkt LR e
PreactbtéyBton, tahdl Pattioalarly edtiion risgratanor(gid apbeasti Ocliater per
within a riser reactoris), is at least 0.1 g]gltfirg})erf
seeeort(p/redcpirh as graates thag Oeygiec Jah apgusatey thap 1 miseg, for
ﬁ?xsa%{&ﬁé‘%%ﬁtef a2 s@é,%@ﬁvenﬁéi’l'ﬂ% SPRATRA S Qﬁ#sgﬁ,ge[ndttg)ﬁiﬁalgf

nveniently greater than 3 nmsec, _
t yiehtenthay 4 ryfseat e bhammplallsh PategbAppligation SaptldNel, S,

Pat en i.cation Ser]al .. 15 09/ 708, 753 fil ed
By 28 Blea Biisitgh pAOps Rish & hePe R o petaict Y Bfference:
reference. The process of the invention is

conveniently conducted as a fixed bed process, or

nor e t ¥hé pakesp cfsheainientiogiis eenvisaigniby stediap gifixe hed a
turbul ent bed .process),..su i
PRt BB B Bbee NS e ol R S et bed
20rRb@ sMel acd &ohtinhonLiflwaidedBel Poossad phiticupirhcesmtinuous
can take place in a variety of catalytic reactors such
abighy/stocily fluidized bed process.

The process can take place in a variety of catalytic reactors such as hybrid
reactors that have a dense bed or fixed bed reaction zones and/or fast fluidized bed
reaction zones coupled together, circulating fluidized bed reactors, riser reactors,
and the like. Suitable conventional reactor types are described in for example
U.S. Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and
Fluidization Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger
Publishing Company, New York, New York 1977, which are all herein fully

incorporated by reference.
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W@ ouphesd4t oget her,

reactors that have a dense bed or fixed bed reaction
zones and/or fast fluidized bed reaction zones

riser reactors, 25 and the |ike. Suitable conventi onal
reactor types are described in for exanple U S

Patent No. 4,076,796, U S. Patent No. 6,287,522 (dual
riser), and Fluidization Engineering, D. Kunii and O.
Levenspiel, Robert E. Krieger Publishing Conpany, New

¥ cor THE Breldire A vBEl S8 3SR s A e ictibed in Riser
Redé IS PU4Z082PARd FRZ-Paridls Sfseansepagdesds t@59,tF/AcZenz and
ar6riser reactors ﬁen,er ally described in Riser

Rek (pthro, Reihefd Pablighing harmorsfios. BgwiYaukel 960 stk S. Patent

S8R Bt DS, SR P

Pat56n613 Rbed Max 852 CRAn(ultsle ris¢rubatitary,dvineld areedicheein fully
and U.S. Pat efnt plication Serial No. 5 09/564, 613
RORPrHES LY IeTO§BEF- (nul tipl e riser reactor), which are
all herein fully incorporated by reference. The

har dened nol ecul ar sieve catal yst of this invention is
par t i ik hetdgnedimefegilai siewsyeatalyst of thisvmiventiarhis pedicalaylst

T e

[WiRR12668 tydelshstaint thd ke Phrtitulaé roblesk wih althitén af @rculated
those that include a reactor for carrying out the

catabst ga thasp tha includgerrspdeioior cyFyips pulrthe Feaghen,ypnd a
. _ e
CERRNAIR bRl Bl DeRRBRBERCL SO L i e

bed 15 process or high velocity fluidized bed process
utilizing a reactor systemy a regeneration system an
a r ec YRy PRGGad Abpimsnb hePiaress seondReied asg Pdlzedabeg

E‘)Y&Ie%n&r HAPVEaBLBNkitiZel %E&'?xi%geé vhiliing 2Besht6:88681, a

ystem having a“first reac n zone "wthin one or
megeacriige systaachda fEpvarydysteme do sathras@otése thezsagor system

ithin at .l t di [ | . typicall
SRy Reiles g Ped EPERE R hivinha St TEiBoRh:
iR Bl S mbR1Ref teablor(s PRl Ldebsild RAS I HRB SAMINE: least one
vessel are contained wthin a single reactor vessel.

Risssgadingvissalclypicpl e tempiéipg ewmerdaherersyclones. din agr e
f%)éﬁ)%ﬁlgg%:ﬁéh%ﬁ et i%r?nqsrllbelr%se}r/\%etggtpg(&ean%rdi&a%[gggigé lvcl—fls%glt &é IZOHtL.i?led
within a single reactor vessel. Fresh feedstock, preferably containing one or more
oxygenates, optionally with one or more diluent(s), is fed to the one or more riser
reactor(s) into which a molecular sieve catalyst composition or coked version
thereof is introduced. In one embodiment, prior to being introduced to the riser
reactor(s), the molecular sieve catalyst composition or coked version thereof is
contacted with a liquid, preferably water or methanol, and/or a gas, for example,

an inert gas such as nitrogen.

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

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

circulating fluidized bed rePeDUS2084/012912
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riser 25 reactor(s), the nol ecul ar sieve catal yst
conposition or coked version thereof is contacted
with a liquid, preferably waper or methanol, and/or a
gas, for exanple, an inert gas such as nitrogen. In
an enbodi nent, the amount of fresh feedstock fed as a
liquid and/or a 30 vapor to the reactor. systemis inn
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di  uent contained therein. The |I|iquid and vapor
feedst ocks may be the sane conposition, or may contain
varyi rihe fedspasktentsming dlte tepetonsistempis pagierabbpspnverted, partially

f t ith th ) ' ' .
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separating the catal yst conposition fromthe gaseous
ef fl uent include the use of plates, caps, elbows, and

the |ikfonelnboiRER, BoaRehimMy vdshe inblaRegagipphg/ansel

i ncludes a stripping zone, typically in a |ower

plypidatip im# lavies paitioarmgdly digenzegiwe vesseh Inftke sifippiggizage the

zone .th oked cat al yst it ' cted with
2o ohaf SiliesyRbe W BaR s ae bR

MBS HBIREt or6¥ Jaaihn, i ePbrdnd ecarb@r dioxideypmachondrondxydly, hgdrogergor
20 an inert gas such as argon, Preferably St eam tq)

r %W@rg%m%@&%m&blﬁéﬁma o recover adsorbed hydrocarbons

from the coked catalyst composition that is then introduced to the regeneration

system.

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

conditions of temperature, pressure and residence time.

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

of oxygen, O3, SO3, N;0, NO, NO,, N>Os, air, air diluted with nitrogen or carbon
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fromthe coked catal yst conposition that is then
introduced to the regeneration system The coked

W@ a10ah982 conposition is withdrawn fromthe di BEnysmosQL2912

vessel 25 and introduced to the regeneration system
The regeneration system conprises a regenerator where
t he coked catal yst conpositngn is contacted with a
regeneration nedium preferably a gas containing
oxygen, under conventional regeneration conditions of

kibdmfé %&%e% an@rvs‘a‘clfesr genf £ %,?gg ?g%)e ﬁ%};’%’? i(nonox1 %and/or

ng exarrpl es o suita

ihgdtogeie Sml&xbdn’reg‘ﬂ{eeaho@lfcoﬁdm@ﬁmare@ﬁose$§§ablé\8fburﬂi@g
05, air, air diluted with nitrogen or carbon WO
i%@hihf b catelyytoeppesifien safsrabhioiod lsygl dess thpnyhveishy

\ﬁ@ %ﬁt l{als’edson frRtsat WH%F[&\ (gf thé éolégqﬂole&ﬁgm&erﬁgﬁ%k de

[or hydrogen. Sui l'e regeneration conditions are
phmsesmalp efteengpthevegenematox system f Fonextahple ok gasrationst

t bl | | t han 0,
et 2R bR i R e b6 HOREoDt 200°hD GRPUIIROD i suekes
M%@BO@“@M%%@E Bloyst, for &%ﬂﬁﬁé nbhpiboﬁmﬁ?me abb&

eration system For exanple, the regeneration
t7é81513raaﬂ geevamiaptly dronmaldue SHeiHe WO Er dhe adwputra?@OBessnre

PO e TR S B o B ASOR T Ui o § 830l 10805

&P NicANR |ﬁ’30nf abzm @@ﬁsm (BB0@ abpto/dBRG 25&%11 ﬁggm /Pad)i on
pressure e ran%gt of from about si a

e%@m&&ayn %h?uh Bé @ﬁlaéwlié?@a o(abauisl SPpsierd 834 lclé&aamnés

EBAT AR TaRR, 30 b ey Lo RREH) nda el "

about 150 psia (1034 kPaa), and conveniently from

about 30 psia (207 kPaa) to about 60 psia (414 kPaa)
The r églﬁag%ﬁ@t‘f? fipg o Ef he data x%&ampgﬁtm%wp%@ 19EeBFraton mawéve

'il_?ﬂfé'}ﬁﬁ%%g frdﬁ@){b&ﬁ ond mihfle Ech VE@J‘ @urg’fsu%'i 1 QhERMbuLORR

m nut e several hours, suc rom a one
minutedo 100 tdutes, and the vohmb d)fmxy\gah imthe oégenmgmn gasmahee
re enerati inther n of from

R Rt Bt eRE S Bhle Hsaeahb At pp e
&(galalolmgumecgfasthe gas. 20 The burning of coke in the
regeneration step is an exothermc reaction, and in

an enbodi nent, the tenperature within the regeneration
syst e';Ph %u&?nt rPcolkg ?n El% regeneration step is an exothermic reaction, and

in an embodiment, the temperature within the regeneration system is controlled by
various techniques in the art including feeding a cooled gas to the regenerator
vessel, operated either in a batch, continuous, or semi-continuous mode, or a
combination thereof. A preferred technique involves withdrawing the regenerated
catalyst composition from the regeneration system and passing it through a
catalyst cooler to form a cooled regenerated catalyst composition. The catalyst
cooler, in an embodiment, is a heat exchanger that is located either internal or
external to the regeneration system. Other methods for operating a regeneration
system are in disclosed U.S. Patent No. 6,290,916 (controlling moisture), which is

herein fully incorporated by reference.
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various techniques in the art including feeding a
cooled gas to the regenerator vessel, operated either

conbi nation thereof. A preferred technique involves
wi t hdrawi ng the regenerated 25 catal yst conposition
fromthe regeneration system,and passing it through a
catal yst cooler to forma cool ed regenerated cat al yst
conposi tion. The catalyst cooler, i n an enbodi nent,
Is a heat exchanger that is | ocat, e”}r]i@?l nt er nal .

TogerfLaty %]r
0

SRR Y ARG B0 IR B OGRS
ehearaeilyst todpysitiocardjmretcadulbied medlervdarciave Wilalyst

2004/ 105942 P S2004/ 01291 Th t
CCHIO IO ABHHSS ?@Hﬁtsﬁk W@Wﬁ%ﬁﬁ% PN AHd ﬁﬁ%ﬁifﬁ the riser
Sﬁé%t@f(b) fh %B@ %ﬁ‘ll%éﬁnfehp Mhd REerferitad YahlyGQohio smbﬁ withdrawn

mbined with a fresh nolecular sieve catal yst
cﬁ:mncﬂsa: teigoneranalf syistemeis eetrmetl 4o the rivot wecioE(f) diastly preferably

Sit nan/or f eedst 0 r
ot e reien derl TR (SR e dR Tl o, f8lbiock
r@@%& Qfdaf or the 1iRA B ROGEAEREI-cbitthdoag§ e cadt@tously, to
catal yst conposition withdrawn fromthe regeneration

siastlisate the inroditatien of therpgeneraiash capalyst compasition fodhe Fgpotor
pre LI ST catal yst cooler. A
%YF %?e%ﬁgﬁ;ttaogﬁ%ﬁ&l oﬁrer eg{ééﬁé?@e@ tock vapor, steam
or the |ike, rmy be used, sem -conti nuously or
conti nuousgty CI ljtate the intr uctl on led
r egeneBHtC@ I%IHP&I‘% 0"% 8#1'%%‘?&@8@“@&3{ F%‘EB‘?S&?OI&?T oole
ggﬁé&t Rr&h F%n‘?ﬂf‘e 18 en@Pd“u%nrs §téth to the reactor

ct or{3 ing the Tl ow of the regenerated
c@sﬂdny,&he opmfpmsl leved) nf mkemdh@molacelgte alevac%@lysiawmpygtlon
composn ion framthe .re ratlons stemto.the
" e tho g B IBGSE | T P8 PRS GRCIEBE B Cpolling the

”Hb@%f'a%fata?ys? ¥EmB Kk By descrfHIRA Mitha LbRe & Whpériingnne
reactor is maintained. There are many techn ques for

c Bethnigules, Kgraubingt Hlwidized Bads Siragey dviden apdKnewhan, eds.,

PHebleat P CRPR T St B e EPREROIREH By R Ve

Know t on, eds Bl acki e, 1997 (336-337), which is
herein |ncorporated by reference. 20 Coke |evels on

t he cafCekyisvelsomibe ratlys camporrtas atedneasyrefigihdiwige the
o8 %algét?&o%#%ﬁloﬁmg He co@@erglgff Bhdcs FANERERILRAG RE O£65D

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

regeneration, are in the range of from 0.01 weight percent to about 15 weight
percent, such as from about 0.1 weight percent to about 10 weight percent, for
example from about 0.2 weight percent to about 5 weight percent, and
conveniently from about 0.3 weight percent to about 2 weight percent based on

the weight of the molecular sieve.

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

techniques and sequences that are useful in separating olefin(s) and purifying
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percent, such as fromabout 0.1 weight percent to
about 10 wei ght percent, for 25 exanple from about 0.2
wei ght percent to about 5 wei ght percent, and
conveniently from about 0.3 weight percent to about 2
wei ght percent based on the weight of the nol ecul ar

i Th fluent i s.wi
Sl BB BEM S SRR Rt Xty et PR Dt one or
3654 6 cINBIMGH 6F ViRibYs yephiatikRavdetibRamemy/os Vistiiaton

techni ques and sequences that are usef%j iql?e arating
tivestrs, o B mzsn sp1iters, Py Irpgs, WeacHon ystesdaush as et ylbenzene

5}%{1 gﬁ{r’é’ ﬁ/&glgg‘%& N&3 4{#6?%7'88&1?& otian]o&@rfvlaﬁVQ 84S such as

COVEry syste enerally conprise one or
ARIcRyd¥s, leei6Rhihd atbomanifacranrci(DlS PaspaNat 5,6/35,041), and other
fractionation and/or distil|llation towers ﬁolunns,
SpsioFtatesegingRent, T FAMMYATAUS fORIFOP T S8 T EECS:
DB RES abRiek-oN0 druBns/oF §oR7 8)
gﬁgéggﬁgéggg??vatlygﬁgﬁgsgggtfkgﬁéh ag 5 al dehydes,
bahpeemdahellikst er manufacture (U.S. Patent No.

5,675,041), and other associated equi pnent, for
exanpl e vari ous condensers, heat exchangers,

ref 1 gesafiDih SKAHHIE o@theshidwerd, caluits, Gilersas saims, used
knockggﬁt druns o?ﬁﬁfts, punps, and the like. 1

Nibomel dr i tombinetieminicide ofie ohmere qf@mthwemﬁ%f,eragly ahigh
splitters.or trains d. alo ' i '
e L
gkﬁﬁed & EPLEAISHE Wa@iﬁmh alﬁﬂ/élfequenah dﬁﬁdﬂ,&ﬂ’mismbel;s, alsorbers,

epropani zer, a wash tower often_ referred . to as .
qaersbiagessathylane (6?) whEtr Propyisne KCPowmdfter ’g%g%lér@,a) splitter.
adsorbers, nenbranes, ethylene (C2) splitter,

propylene (C3) splitter and butene (C4) splitter. 15
Var i oUgaricee estdkyrysysiterssefsiefoutecbverimged ofie(s), sech as ethylene,

| efi , h t hyl ene, | t
repvetetidadane s dopbenin W PaleoERS 50 8L SR
i gh t
IS0 B (e b S s e,
Raeantiralic &paraliois)( Pree Pstenes, 6&hENti@nessug slepensien sorpgnts),
1 g?f%kﬁﬁ%&@@?%@@%%%& Y SLA9ETS BRIERY R 5,064,880

(recovered methanol to hydrogen and carbon dioxide in one step), U.S. Patent No.

_r+

5,927,063 (recovered methanol to gas turbine power plant), and U.S. Patent No.
6,121,504 (direct product quench), U.S. Patent No. 6,121,503 (high purity olefins
without superfractionation), and U.S. Patent No. 6,293,998 (pressure swing

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

Other recovery systems that include purification systems, for example for

~ the purification of olefin(s), are described in Kirk-Othmer Encyclopedia of

Chemical Technology, 4th Edition, Volume 9, John Wiley & Sons, 1996, pages
249-271 and 894-899, which is herein incorporated by reference. Purification
systems are also described in for example, U.S. Patent No. 6,271,428 (purification
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(recovered nethanol to hydrogen and carbon dioxide in
one step), U S. Patent No. 5,927,063 (recovered

No. 6,121,504 (direct product quench), U S. Patent

No. 6,121,503 (high purity olefins wthout
superfractionation), and U. Pat ent No. 6,293,998
(pressure swing 25 adsorption), which are all herein
fully incorporated by reference. Qther recovery
systens _that include purifijcation ﬁystens for exanple

fafre diglgin Bydroparban Fissrne Ut SpieRt Np. 0,299 UYLEerarsiite i n

' ' j e th
gl e pEASHE) MEELS ilent KUPEREn NiGRO0% 202 B
A4Qot D0ARAD0APArdR I8 camiusing hiydrating eitalysticwhiob et legeiby
reference. Purification systens are also described in
fiBFOTRYIAIRH| by relgrasicepat ent No. 6, 271, 428 (purification
WO 2004/ 105942 PCT/ US2004/ 012912 33 of a diolefin

hydrocarbon stream), U.S. Patent No. 6,293,999
( separGerierally sscopphsies mogregrepaistemsan thepraluchgpent

(PO b Beehirindstiog B e ol e TR nd B0

hem@infinart§ 61008 Qi tBe pRferfdipinengre dudis. CEheprefdried prime
acconmpanyi ng nost recovery systens is the productioh

gerndiats, ifemlight olafmsnwiches efhyishe apftProPyisRs: a5t Batsatly puriied
by - . d ; i ;
PR S B RLATRA0 S B Y6 rocosscs

PTiRgerote in theendst ghifereddednitnelimant offf ttesreedveyy systena e recovery

propyl ene, are typically purified 10 for_u in
dustopalpe mchidss p RETi{IF3L98 ShtieRe ?Qégxaé%ﬁéﬁ the Tight'olefins)

p L Zatd I BRHRERA SaroliBh b BErifi®Son syst
p@g%i@%%éﬁé&ﬁ%lgﬁ%%ﬁ\?ﬁ‘%ﬁeg reé%very gy%}t1 eBm t he 1 system
r fhatieatoyes oysleeels af by-prodotts desoapinanfsi cat i on syst em
For exanple, the light olefin(s) produced

particularly in a MIO process are passed through a

puri f i QahiMitRY St8fpled SRlonfATRURS ad Y-GS itfude generally
by- products or contam nants. 15 Non-limting exanpl es

opolensenzroiundnsushas aatst. Peakelse earbprdicngidsgethers agaryon oxides,
pol.ar compounds .such as wat I |
CoBe SPREE et Fhfilee, SF P RsES Rl
agmbeTa0aa s nftrdlen compbemi] arsink fihdeshiaanahdei crédus a@sher
contaminants or by-products include hydrogen and hydrocarbons such as

acetylene, methyl acetylene, propadiene, butadiene and butyne.

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

more reaction systems for converting the C4+ impurities to useful products.

and U. SPCPES2904/012912
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four carbdn pro
A(olétth-Bydo gérsiebor aayle aahGodynt,dnet 2., Hroqgener iipgdading 68, C4

acetyl ene, nmethyl acetyl ene, propadi ene, butadi ene and
butyne. Typically, in converting one or nore )
oxygenates to olefin(s) havifyg 2 or 3 carbon atons, a
m nor anount hydrocarbons, particularly ol efin(s),
having 4 or 25 nore carbon atons is al so produced.

The anmpunt. af. C4+ hyd bons,. i L1y | t
20° wol BHE-ligBHng e A SET FaeT RAF s lrhped 1 B3,
PRAERMNo. 5[955 640 BB}t Esfout baborbpiah&Nhionfit&ent), Usnd

| ess than 2 wei ght percent, based on the

particul ar _ . t

t Batent Neoidghi, 115 (Gobuians pddmiengsb Obgarmetizadito an oy et
Process, \ng L ¢al t.her. red
LRG0, U5 TR N B TS ARSI B
SY6E.eINF8 7,309 SdrByEI3, 6789 cirbenyldkion arhydidfoesulhforeikifigher
products. WO 2004/ 105942 PCT/ US2004/012912 34

Nelsting withicapor diorpdleanddiydeagen npaking Gapheny serapungplp U.S.

AR S) ﬂ%ﬂnult%ﬁ%ﬁ%ghtdha'ﬁgﬁc ér_o??s?),&ﬁ% ﬁﬁggw*si,&q,m

ct ut en t ent " No.

?@fﬂ'@? Jafererm. b %%4@3}9? 3rsNerio) Rggzing o
hg%&%ﬁk@pﬁeﬁé?bu%z&e 8 HEARENEY, kfictP4re all ﬁélly herein

ormulation of Higher "ol éfins with carbon
dinogripdeatethbly tefeienegen nmaki ng car bonyl conpounds), U. S.
Patent No. 4,542,252 (nultistage adi abatic process),
U.S. Patent No. 5,634,354 (olefin-hydrogen recovery),

and CogyéprefekreElight blefinfy) pRinsed ©F alypsicastithgpiodessést
and G5 O gfi ni c ngreai n?,)gPet. &WCoaI , Vol . %7, No. 4

f) 4,@9|Ei§>ect @hcwg rerehigh porityIuing ¢lgbnts) preidnes Hrab poirtaine single
& . | .
At AP S BRSO Rp 3l i R

obefieighs befpetdsieBdis pyeatsn yhanrds wdightierdeng desaample at least
descri bed_above are high purity prine_ ol (s)

o
pRlr: 89 avei g percsnb hnsed andhsigrad weeht of B@rﬁ?fuﬂber ol efin

in an anount greater than 80 percent, such as greater
than 90 wei ght percent, such as greater than 95
wei ght Iipetecgmnttical embediaenil, ehegirodessisf the afnantio Sormmsipgtitof an

DerSal PSSR on e, LU el of Lhe Sl Ay

f BfiEahFal ga®or@hydrocarbon feedstock, particularly methane and/or ethane.
The first step in the process is passing the gaseous feedstock, preferably in
combination with a water stream, to a syngas production zone to produce a
synthesis gas (syngas) stream, typically comprising carbon dioxide, carbon
monoxide and hydrogen. Syngas production is well known, and typical syngas
temperatures are in the range of from about 700°C to about 1200°C and syngas
pressures are in the range of from about 2 MPa to about 100 MPa. Synthesis gas
streams are produced from natural gas, petroleum liquids, and carbonaceous
materials such as coal, recycled plastic, municipal waste or any other organic
material. Preferably synthesis gas stream is produced via steam reforming of

natural gas.
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ethane. The first step in the process is passing the
gaseous feedstock, preferably in conbination with a
water stream to a syngas prgduction zone to produce a
synthesis gas (syngas) stream typically conprising
car bon di oxi de, carbon 25 nonoxi de and hydrogen.

Syngas production is well known, and typical syngas
t enper et s 11} Re PERCCTSIRYL VS C%%W%@W%é&%%sﬁrem

a d re . f
£ Pl AP AOGRAAR collh S B AR A bt 061 (RN, ©

sproduersaraexy genasd oewaningstrearat eftal ingambingéipn etitumater. In one

i quids, d b teri.al h [,

- itadiBion, Mk GRIREREE 1o TRE! e dHiite Brvef Phheg af fiom
3EbdiRl 8090 abBled rehhy apydrbite sh thedaseesSd i B abSut 5 MPa to
produced via steamreformng of natural gas. WO

2aowt 108362 PCT/ US2004/ 012912 35 The next step in the
process involves contacting the synthesis gas stream
generally with a heterogeneous catal yst, typically a

copper Tids egygeabilcyphinidigstrepm) dtiGRdamethaygl bipiclly contains
containing stream often in conbination with water. In
o aleokpbprodusiand vagous el compgnatefichas sthiges, pardigulagly

t t j

AR SHIcE KebreIIA08, Bhed L ATR 2o R e RbpbEnfaatt

t carbarboxitle 2d MPage land fitet e Mat exygamhii containisg steeam, corde
crude net hanol, typical]y cantains_the al coho

pmaﬂﬁe'eh &h e@é?f@ajéﬁe ‘eqdé%e%ﬁﬁm%t@o WEd KBty s,

P fi bR prdceds HifRINYh, sBhdfon Ml BRESnat® I RRYHES in a

di ssol ved gases such as hydrogen nethane, carbon
opumiigecoonygandte og@ainingrstrefmefor ekdmplFhenorergh Grale A and AA
cong%%ﬁtng stream crude nethanol, in the preferred
ettt nt is passed through a well known

purification processes, distillation, separation and

fractionation, resulting in a purified ox%/genat_e
cont ai AbpgxugenaEreonaBngsiEsm @ PuEdeheKrgaialegoatining sirrim,

Bl e RSB EAERT) S

otteprotudelight didfiney)tstch adsthyleenamiForygoplylase. aNbreHnstigc k
in a process
exampples of this integrated process are described in EP-B-0 933 345, which is

herein fully incorporated by reference.

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

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

phase or a slurry phase polymerization of one or more olefin(s) at least one of
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herein fully incorporated by reference. In another
nore fully integrated process, that optionally is
conbined with the integrateg processes descri bed
above, the olefin(s) produced are directed to, in 25
one enbodi ment, one or nore polymerization processes

rodycin ari fins, .(See for ex e
rhicR i R0 RleRe, el byt ot iodees GNP
Jlsth é&zat%ﬁ%ﬁal;)@hthatbdnsna@aemy dneéldry doRb@iapion af e by
reference ) Pol'ymerization processes include solutlon

gaslephassicvetatalysis gisensecdahove HowcHergthe prefeged polymerization
ses, e

p?angclgﬁ, S &% tpgklegle% (Ngetla asgﬁg}t%b Bﬁg%llrocg@er Hepalﬂlo@éﬂeytype and

padvhEsd ﬁoaymeﬁzaafm oaitelyeus andrreixtired thm(ee)” at I east one

of WD 2004/ 105942 PCT/ US2004/ 012912 36 which is

et hyl ene or propyl ene. These pol yneri zati on processes

tili
gnly 'Oﬁ@ %Pregé}l-e)d%‘l[ r?gfhltxéorﬁ r{g? ﬁitﬁéTXéﬁgI’J&@és QRprisBEA Peess for

| ecul ar "si eve
cpdslyinysﬁtmg @is otisweolefin(sein thiopeesarce of h@olynefieatiaycatalyst
meri zation. cat al aretheZeIer
PRNSIaT s by yeripdnp e Pratubd rduatiphhe rogots.

ﬁ/ YeaRaefe Bk XFﬁlBkeZ@lEﬁﬂ(g) KA Beysitde BY doﬂﬂeﬁﬂgre&ﬁalcohol
ereof . In a preferred enbodi ment, the integrated

ppaxt;elslsrly orgthangk ssiag pmmﬂe@,%arfscﬂve cg@l}@h@mmsri@ncﬂﬁ dleggribed

ey TR vl P G R RS e B PR AR Kl Bon

pf)ﬁ)@b‘ﬁ%@ REleakt d@i@b@t}&Qﬂéﬁiﬁ( gwaf}m tthylehO ovprepglenc, tahé
one or nore ol efin(s) have been made by converting a

aprﬁéfhelbly theppelymeniaiion patgbshatii isesupporedarialoness catalyst
323¥ g’a%ll IS GRIBASHE 59 o?t%dgr?e%ﬁ[dc@ﬁéjcataﬁgﬂ\égsécery&‘émpnses

ol'ymeri zation process 1s a gas

@'st(ﬂﬁiﬂ 2aidtalbcey aanssllcrde-afpel ofe»m}ioumdl encdbdn ddhigator,
oIeflns(sg is either ethylene, or Iene and

pp@ﬁ@rﬁ‘glmt e {uﬁ)é/a’@é p%q-%%w gRHREFUP g?lg{(aélre‘ ?%coglbmatlon
DO £1 M4 R GBRE AU AR i éiémgxaafeem In this

orte net al | ocene catal yst system
corrprl ses a support, a netall ocene or

met al | ocene n an .activat

ot of er ABF POBHESERRIRdP e P RBRER Rt dgecied doove
oﬁnc?lh Hw RnsEPPOL &ﬁ&l‘eﬁ@ elatsfb%&é)fplas?diﬁermgh density
preferably the activa I s "al unoxane.

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

polypropylene, and propylene random, block or impact copolymers.

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

embodiments within the overall scope of the invention as claimed.
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pol yet hyl ene, | ow density pol yet hyl ene, pol ypropyl ene
and pol ypropyl ene copol yners. The propyl ene based
pol ymers produced by the polyserization processes

i ncl ude atactic pol ypropyl ene, isotactic
polypropylene syndi otactic 25 pol ypropyl ene, and

P random bl ock or inpact copolyners. [V
é%%éfﬂiﬁ&f t he Hardened Mbl ecul ar Si eve Catal yst
Vari oug sﬁﬁgpéﬂniﬂfﬁlh% 49fwtmoﬁdlwaé%@éﬁa%a Wﬁlﬁﬁgﬂ: nppedrin

greater detail reference to the | owm ng
espaapiimed caidly< iwhich conpimad 4074 W@f&ﬂsﬂ@ éf/cealglpm packAB4%

SORELTEREF < O 5 Lk ARIRGH o ot gt

ES AL fic Amérisd W), Dr&piebaigNeg Yook )Wodd 6 ﬁimﬁemmo RPM. The
prepared by m xing 1,125 of a spray drled cat al yst
(BT 26 Sarnamired use s 1gAr MIpET, QM A Qamanm . 4%

ﬁ@g%lfm A&eﬁg 0. OrafiRhbl REH WSk 50 RPRI 53 hutes.

m xXer anato enti1fic ‘Ame
Oriangpstilting finNeproMet kl)lrrfy(hﬁd h@Hn)ﬁﬁm emdaienS60RRM g/EEhe

slurry was then m xed using a high-shear mxer, Yanato,
L@Rﬁsu}s@d( A2t Thasgiseasity of e vas $-hed ceI@Paﬁg @bgﬁ §B which

@46 @Ith Q. é}Q&(f{%Ed\%‘fl%scén{é}e? L{fsﬁ‘% a #3188 d1€ 51 0 %‘?M

|na pro uct slurry had a pH o 9,” and "density
1.45 g/cc, neasured at 25C. The viscosity of the

rr 180 i poi se at 24C, which 10 was
ntgé&\%%]\g@%@ a‘?&%’g)xfl eld LV visconeter, using a #3
spi ndl 2@ ofifle RRM prode¥OWREtp ?ocﬁl@&ﬂ'ﬁﬂEMEi% s@fay dried
the final product sI urry produced i n EXAMPLE- 1

smﬂ@gfa deigtd Dhs‘hlrs;grae( dryeraensrAingAn asioraysprayyaede, usmg almm
eratl.n

a 8%1235 il 6182219 g 13y d agonwgoﬁlrs] éxye%% %sgfl’o?lows g ra?e 40 g/min;

nozz I'oNs wereéer’as

f ﬁlﬂét@&iﬁperﬁtﬁﬁq 35Q002 atoﬁﬁzag:{dmp@essuﬂ&l tarf @idpafridrghe flowa) 60%
atom zatjon pressure, 1 bar; and carrier gas flow at

c0baulgettmgl ISpEdrief grodysisayeracelesiqship iy ongeand caleined in a
C&hkﬁ&feuﬁgiceggg%f@f% A Gor A 6{55 a’h‘ﬁé th&?,%({}saﬂlﬁl%éxjg%sted for

furnac arr for hour s
samiti@srevistaacd, asd faind o6 havatdanrART afi0.5ewi%sthanThe reaultlis shown

found_to have an ARl of 0.59 wt% hr. The result i
qupot%ﬁFﬁgure. , s 'S

EXAMPLE-3

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



20 in the Figure. EXAMPLE-3 843.75 g of the spray
dried catal yst used in EXAMPLE 1 were added to 656.25
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4000D m xer 25 (Yamato Scientific Amrerica Inc.,
Orangeburg, New York) for 10 mnutes to produce a
slurry. The slurry was then 4§ xed using a hi gh-shear
m xer, Yamato L4RT-A (Yamato Scientific Anerica Inc
Orangeburg, New York) at 6,000 RPM for 10 m nutes.

koo R ek 1 WACerCBp s e O mqﬁ%ame
Sﬁ%cﬁf SRBALT I8 FISAIPI RN eF’m'aIl'y 3681 @ﬁ@m&ilﬁl 0126' (Engelhard

conposition made of 81.06 g of Rehers M croDr

y
aUS aelin cley: FagelhgidrGarporatemdbalinChiewi Jesey) wes added and

B Bl L B LS A B IO R 1 1

vesultdden adthdbptodadt @luirtyr donesinifip X5 ﬂ@"/&@ﬂlﬂh e wiith 1% ﬁ@as
the sane protocol outlined in MPLE-1. Finally

13praysdredrofuh |an¢w2%%§y/asmggbﬁ<ﬁ£pd34 patscrlahFipYe, @lualgmum

t
st e R AAR iR nal BRIGuE: b ! FEOUAT 4 4R ured
ast A5PC E)I(IAM?leEsmy ofl'lh3% g/oc,meashted cht Bﬁf’Ca Thendscopitydfidit final

slurr ontaln 45 vvt%s/ézg\g OL whi ch 75%0.3
&‘F@’dwiﬁ "Een&HBFS%TO sWhiC g3 TERpEee Fith a
nPfc%ﬁﬂElﬁrL\s{fi‘:s‘(Y&net@tj Hﬂhg‘h’% sﬁﬁhl&ra‘?fiﬁ‘i@%}{e and cl ay.

final product $lurfy had a pH value of 4.0,
measured at 25C, and a density of 1.39 g/cc, neasured

gé%ég% %Ile viscosity of the final product slurry was

Ié t'i poi se at 24C, which was neasured with a 10

Br ookf 7@ ohfithye ﬂhaﬂgﬂﬂﬁ Eélurry phdticéd HEXAMIAIER 3 as kpray dried

RPM MPLE-4 7 of the final product slurry

pYoagie ¥empte Mm@@rmso@patw igpidewn spEyrgode. veiraed mm
y ,

Oho SRR 1Sy BRPAEL R B R RYPRE AL TR 0 i

cmm itérhSuRstu B §0°S aforlizaies préssed, [iaircand4Qrripr Fas flowrk 60%
erature, 350C atom zati on pressure, |bar; and

lsettiggs Sprayirigd pevsiuiets grere gpllectedkinjafyolong e they cafpined

| p Oﬂﬁ{ﬁ fgz METEe 549 e‘?‘iﬁ?r et Pnduys! @%c&lﬁéﬁas{a?ﬁgb&wezre tested

cine I'n a m urnace at _
hfam laftritidineesstance, nad foadpb dsvevar ART e80.86 wt%/hr. The result is

shown in the Figure.

EXAMPLE-5

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



for attrition resistance, and found to have an ARl of
0.36 wt% hr. The result is 20 shown in the Figure.
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EXAMPLE 1 was added to 437.5g dei oni zed water, and

m xed at 600 RPM using a Yamato 4000D m xer 25 (Yamato
Scientific America Inc., O apgeburg, New York) for 10
mnutes to forma slurry. The slurry was then m xed
usi ng a hi gh-shear m xer, Yamato L4RT-A (Yamato

Scientific Ameri , . k) .
HibehirRY gren g A e eg deippinmatty, hRfhel MliheGhes capied
SHRQs34 thdagfelrafocsl Giendias FXIde® Fan drinhily, 2681 4goRkaidin

was carried out using the same procedure as outl ] ned
i clap (Erzxinrl BSR kadln ¢laa Engpiheid/ Covparatioydselin, New Jersey) was

Lt d f 162.1 . i .
PR AR OR O B st B Fep SR Pileqipd n
V¥h A Qs D84y c ETNIAS204%0 328201 BRichié DYhdamne fiNerw the spray

Jersey) and 237.68 of deionized water. _Fu%{Jher, guéfl ng
=34

weiedcmplepdar sigierandH0fgcaneremfae srbigamn e

- 1. Final f -
LR B R oS s
JpHsal) ofd9, nrdsieet aris @) anddc: dembingof has ganemeasutadrag 25°C.

d in EXAVPLE-1, Thi | t ' 5 fi ] t
T Ppexsgn oA TG B SR SEY TS S-S0 copfipeireabo Ba ekt was
]]: ﬁqggglﬁ'{;&eawﬁf? b ool E BV IR Bl R rusiHoOvEs nehis ACRIRL

rom-t conbi nation of virgin SAPO 34 nol ecul ar
si eve, alum num chl orohydrate, and clay. The fi nal

p lurry had a pH value of 4.0, neasured at
nghﬁfdensity_ of 1.38 g/cc, neasured at 25C. The
Vi scosigog &fthé NRallprod@lct Buegpesdusbd id BXAASPIE-86{as spray dried
centi poi se at 24C, which was 10 neasured with_a

Brgiog f {Yemdto NL il speayedraer, Opespting ia a#lpvwapipi Bodg, usipg a 1 mm

RPM . MPLE- 647 £ S ‘.
PRI P s arE o5 s SRR P ORI DL Eafe 40 gfmin:
DlurlétkerBipératird] BY1C; anpeizaidigiedsired 1 bioywarsipr gag flowdat, 60% of
using a 1 mm 15 atomi zation nozzle. Spray dryi ncq . ,
c GHbsettingn Spavr driegkprpdnqinwere qollgied Bt acychpiegingd sricingg ina

N | Y . L on _ _ .

o SRS Blicd oy G50 Giin23P) 2 Bl TRE EREHES oS el AL PLor
wetifitiGotesiethed ahd faundyte hoveesn ARHoC@AHE imEdhri Aharesult is shown

in the Figure.

EXAMPLE-7

281.25 g of the spray dried catalyst used in EXAMPLE 1 was added to
218.75 g deionized water, and mixed at 600 RPM using a Yamato 4000D mixer
(Yamato Scientific America Inc., Orangeburg, New York) for 10 minutes to form a
slurry. The slurry was then mixed using a high-shear mixer, Yamato L4RT-A
(Yamato Scientific America Inc., Orangeburg, New York) at 6,000 RPM for 10
minutes. To this slurry, 505.0 g of SAPO-34 molecular sieve was added, and
further mixing was carried out using the same procedure as outlined in
EXAMPLE-1. To that slurry was added a composition made of 243.27 g of
Reheis MicroDry aluminum chlorohydrate (Reheis Chemical Inc., Berkeley
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The result is shown 20 in the Figure. EXAMPLE-7
281.25 g of the spray dried catal yst used in EXAMPLE 1
was added to 218.75 g dei onyged water, and m xed at
600 RPM using a Yanat o 4000D mi xer 25 (Yamato
Scientific Arerica Inc., Orangeburg, New York) for 10

}.nut es ofor r The.sl.urr, s.then. mxed
CERILEINR JERERL R o or Jhg g, At
S@drﬁéli bt lﬁ,m%rﬂié Saﬁﬂe Il)rrcbt‘ocol SULBAGEIR A MYE- Y0 FiﬁallgB 94.71g of
000 RPM for nutes. To this slurry, 505

skanﬂ)nﬂa.*/r@méelmrairU%E Rlinglay, Raeribard Sramortion H%_ﬁrhnn’l%ﬁ?"ng
d
L
cresylosli ihiadmahpudduetfshidddechtaiging #5 vﬂ%‘lmlﬁls Mfortaék 5% came
RSO RTBE ob 5e  ii T

IS SRXAPRNG4 3RBeRta ésle% AehPRhZ &t Rl @hte, ﬁﬂﬁl%‘frThe final

m xi ng was carried out using the sama pf ot oco
oprodiigistiriyrhadeANPlvElug of FHOnaiehgu,reCBéﬁ&Sﬁgmdfa deksity ofl.46 g/cc,

a2 g Pies Rt Bl proafdShiitias 2640 pentingise

Ut 229C 1 0BicE %38 ndc@stirbd Qnt‘ﬂ%qg*roblaﬁmi\ﬁ:’\l'@eohetelfhﬁsﬁr}éa #3 S}dele
resulted in a final product slurry containing wt %

st i0dRPMof whi ch 25% came fromthe spray dried

nol ecul ar sieve and 75% canme from the conbi nati on of
the virgin SA-PO 34 nol ecul ar sieve, alum num
chKomabyEMRat e, and clay. The final product slurry had
a pH val ue of 0, neasured at 25C, and a density of

1.46 g/Qgof th%ﬁs%hpéeri%t slyty profeed ingEBAMBLIGT Wasspray dried
V\}%I 1 a%&%%b%ll lsgfa&ldﬁ‘ﬁér 3 @ét Clﬁ"a dgw o@é uglﬂg’a 1 mm

was neasure r ookf 1 el sconet er:
ustomgpzasiot Bozqbe. righirey d@mg]ddn&iﬁbdm WXANRcE+&e, /-IKDQ’gnﬂflnIehe

final product slurry produced | n EXAMPLE-

P aeeRins, S0 e SRR BroBires i Ry CHE RS e ARRIRGT

. il HRN SPHRLAN T JIRHEdudESHES cBlIdct S Ina QU AR! éﬁarb ngd' -
Spr a;/3 d\rgglsﬁg y(é:)%}]dl ti o%s vvereC feed ra('t%g1 40 g 2 e

i muéile furnace at 650°C in air for 2 hours. The calcined samples were tested for

'attrition resistance, and found to have an ARI of 0.25 wt%/hr. The result is shown

in the Figure.

EXAMPLE-9 (Comparative)

This example is similar to that of EXAMPLES 3, 5, and 7, except that no
spray dried product was contained in the final product slurry. A slurry containing
45 wt% solid (on calcined basis), 40% being SAPO-34, 10.6% Al,Os, and 49.4%
clay, was prepared by adding 2,988.93 g of a SAPO-34 filtercake to 1,703.84 g of
deionized water, and mixing at 1,500 RPM using a Yamato 4000D mixer (Yamato
Scientific America Inc., Orangeburg, New York) for 15 minutes. The slurry
further mixed by a high-shear treatment using a Silverson high shear L4RT-A
mixer at 6,000 RPM for 10 minutes (Slurry A). Slurry A had a pH value of 6.3,



tenperature, 350C, atom zation pressure, |bar; and
carrier gas flow at 60%of full setting. Spray dried

w@e@duaeos2 were col |l ected in a cyclone, and cal PCTES20041012912
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a muffle furnace at 650C in air for 2 hours. The
cal cined sanples were tested for 20 attrition

resi stance, and found to havg an ARl of 0.25 wt % hr.
The result is shown in the Figure. EXAMPLE-9
(Conparative) This exanple is sim'lar to that of

EXAMPL 0 25 dr . ed
PSR 828 oA A e byt Rk stk AL AR
SR§9.0Y g ©OREAE MigroDA) awmﬁlchmr&mat@ @R@M@mcbmﬂ&ley
40% be| ng SAPO 34, 10.6% A1203, and 49.4% cl ay,

pHsishtse erny crsgtl) g9, 19amolutriqyizst eater e mixing 4tt1e5ro@£ebé\’1

S 5B D SR LRt AP Ml

Alverl) der 1n@inutdsy aihgﬁ}mmg waﬁxﬁmth\énnin)edfhyra Highsheartieatment

The slurry 30 f er. m x ar_treat nment

u¥sipga il WS%P@S@ rdpHRd] g}l r&hﬁ%ﬂg %ﬁﬁ\zz r L} mgyggsdo form
R 1 ¢ bl r -
of oy B R SE6 R, MOl ggaT o P p i R e

agcé 26Cculm steveyrndithe ShigrR) epoiaatieg thewhmyinwaschierdiydoste,
addi n 869 j .0Dr | pm .

ciecr apgpacendingpal T A0 RebL iR e D mieg vamato
J€6§ﬁﬁ1ﬁc AtheBefInk? Oraffetiled, NehZeskkyairas nindteB] XhR@ldty was
1,500 RPM wusing a Yamato 4000D m xer (Yanato

Sthearfuitherenispd nsing 2 Silyersochighgherrmaixene . WOV for b
h?laﬁl]ﬂ:g# tgg& h%cér g Ig?lria:% Wl iNa eaglﬂrga hF §O°E' )‘I%qhg%h% was added

usT Fver son hirgh™s

L4502 A glof xaslipélap (I@I%IIBRMASB U188 lfud)llﬁ&?clatypEﬁnglfard a
Slurry B, having a pH of 3.3, neasured at 31C, Slurr

ACogmstiatian iseln: New deoey), @l the slasy s congartly @H%thah%“}/ 400

SN 0L AL 8 S0 T S o e it

n’in&nﬁﬁifAr@h@a 1k, Sofaagdbutd, NeAnBoiky forl ISaninutas afyslsiirg; was
New Yor 5 mnutes. This slur was i

f djrhee .mlm i ﬁ@hrﬁ@e%r USRS N @%Mzé%% L‘ﬁﬁf B mixer at
660508 ﬁg@ﬂfépgo T8 To ; %511? etfedtad uds E’lhln%bdé%ggfsteﬂ & 45%

measur e urry was ad
k aalidsbycddding( B3N gl rddmt-\ﬁléd wtatargthem Earthgomixedadt 4500 RPM for

SR TN T

carried out using the Silverson mixer at 6,000 RPM for 10 minutes to form a final

product slurry. This final product slurry had a pH value of 3.8, measured at 36°C.
A final product slurry of 8,000 g was formed, which contained 45% solids (on
calcined basis). The solids were comprised of 40% SAPO-34 molecular sieve,
10.6% alumina, and 49.4% clay. The final product slurry had a pH value of 4.34,
measured at 25°C; a density of 1.40 g/cc, measured at 23 °C; and a viscosity of
4,920 centipoise at 24°C, which was measured with a Brookfield LV viscometer,

using a #3 spindle at 10 RPM.



15 RPM then further m xed at 1,500 RPM using a Yamato
4000D m xer (Yamato Scientific Anerica Inc.,

w@e@ageddwr g, New York) for 15 minutes. This slBPCT/YSHWa$012912
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further m xed by a high-shear mixing step using a
Silverson LART-A mixer at 6,000 RPM for 10 m nutes.
The solid content of this slgrry was adjusted to 45%
solids by adding 283.97g of deionized water, then
further mxed at 1,500 RPM for 20 15 m nutes using the

cﬁﬁ?\ﬁ\@%f%ﬁ? S“bséfﬂéent hi gh- shear m xi ng was t hen
(Gg Silverson m xer at 6,000 RPM for
10 m My@SiRe ﬁﬁﬂ(rjpr&dufct £ pﬂfd@@l&pﬁl X NMPLE-9 Riag sf)ﬂag@hed
product sl u&rmg ue of 3.8, neasured at
AusﬁmmaYarpﬂf@ {41§PWK§Y@1 OrgrY0g iy awWawnfspraysdodeshsinga 1 mm
ntal ed 45% sglid i.ned S s S0l i ds
Omlz P?Zsze fa)ia%}f‘ ?5’6%3 h o1 ee Saar 4 ev é)e mlﬁsmlleq
1@@%@@ 8 308C; zﬁﬁﬂuz%ﬁoﬂ%e@éwé' 1bdhend cagler PasaIe bt 60% of

slurry had a val ue of 4.34 measured at 25C;  a
d%ﬂﬁe%{wgoﬁpnayweg/m@dmﬁe\a@e celecigd inz Qeloggangd calcined in a

V.

PR ERtulphoRlr 6 (A0 AR RS AR TR cebtind MR Y82 tcniop for
sgtrittbneesistadde, EiRl\/fouM‘DtcﬂﬁM/aﬂlO‘ﬁHllﬁ G%TW&%@O%@&EW% shown
42 MPLE- 10 (Conparative) 750g of the final product
sThe {189 duced i n EXAMPLE-9 was spray dried using a
Yamat o DL-41 spray dryer, operating in a down spray
node, using a 1 mm atom zation nozzle. Spray drying
condi t Havisg wewdully destribed dis i@ergiom 1t ;will e @ppiciated by those

t at t .e. | bar: d

ARG e B B R0 han A BB

Pﬁ&ﬁiﬁ@ﬂéﬁs WEKiA vk segdifdd] Witloud MepRAey fraMahe ahifit AeTscope of
muffle furnace at 650C in air for 2 hours. The

cﬁlleélil\fﬁé‘dogarrpl es were tested for attrition

resi stance, and found to have an ARl of 0.95 wt % hr.
The result is shown in the Figure. 10 Havi ng now
fully described this invention, it will be appreciated
by those skilled in the art that the invention can be
performed within a wide range of paranmeters within
what is clainmed, wthout departing fromthe spirit and
scope of the invention.



WD 2004/ 105942 PCT/ US2004/ 012912 43 CLAIMS: 1. A
nmet hod of maki ng a hardened nol ecul ar sieve catal yst
w@eopasidsl on, the nethod conprising the stepsPOf/USAP4/012912

m xi ng toget her nol ecul ar gBeve, liquid, and an
effective hardening anmount of dried nolecul ar sieve
catalyst to forma slurry of solids and 1iquid; b)

drying the slurry; and c) calcining the dried slurry
to_formthe hardened nol ecul ar sieve catalyst

c&lMMS5 on. 2. The method of Claim1, wherein from 2

w %to 98 wt % of the solids in the slurry, based on
total weight of solids in the slurry, is dried

bl ecuhamethed e makiap alhystene®moldealafeicho chtallst@ogipasifion, the
wherein from15 w %to 80 wt %of the solids in the

sl urryfneg’é’gé:ffnﬁ’ﬁls%tt%q“%iodcht of solids in the slurry,
is dri nolL g ' RVASY ¥ .
Gaim D unorans et SRR Bo¥Siigut ol BRLERE sidgning
in thamemmfrafdriehaméatulan sicve cdtalyetitg iornod sleolyiodsolids dnlde
sl urry, i.a, dried nol ecular sieve catalyst. 5. The

met hod 6F%Cl aim 4, wherein from20 wt %to 30 wt % of

the sobj ds Hfyin ﬂh@sﬁ,ﬂ[ﬂyg‘ﬁﬂﬂ based on total weight of
solids in the slurry, 1s dried nolecular sieve _
cat al yot . 6calqinigibe fiaedl dnrryinfopndhebiandgnedimdlagular sieve

wher ei &%@é{e@gﬁgjﬁgﬁigf{%to 93 Wmt %of the solids in the

slurry, al weight of solids in the slurry,
is nolecular sieve. WO 2004/ 105942 PCT/ US2004/ 012912

44 7. The nethod of any precedin Cloaig)g% wherein the
el ecul B¢ msthodet Glaimyl, wherain fgmp3 wit §o eY8&wi bopfithesalidsdn

group §RNRIS, ba%deh taFkight o ¥0RaSin tRESTRY, is dried molecular

sieve catalyst.

3. The method of Claim 2, wherein from 15 wt % to 80 wt % of the solids in
the slurry, based on total weight of solids in the slurry, is dried molecular
sieve catalyst.

{

4, The method of Claim 3, wherein from 20 wt % to 40 wt % of the solids in

the slurry, based on total weight of solids in the slurry, is dried molecular

sieve catalyst.

5. The method of Claim 4, wherein from 20 wt % to 30 wt % of the solids in
the slurry, based on total weight of solids in the slurry, is dried molecular

sieve catalyst.

6. The method of any preceding Claim, wherein from 10 wt % to 93 wt % of
the solids in the slurry, based on total weight of solids in the slurry, is

molecular sieve.



11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31,

SAPO- 34, SAPO- 35, SAPO 36, SAPO 37, SAPO 40, SAPO 41,
WEABD16242 SAPO- 44, SAPO- 47, SAPO 56, ALPO 5, PCRUS104/012912

ALPO 18, ALPO 31, ALPO 34, ALPO 36, ALPO 37, ALPO 46,

nmet al contai ning nol ecul ar . g4 eves thereof, and

m xtures thereof. 8. The nethod of any preceding

Claim wherein the dried nolecular sieve catalyst

m xed in step a) contains nol ecul ar sieve sel ected

f7.om t Fee gethop of exypricstdingyClaim Supaeh), theaptxcglar sxpomiyed in

SAPO- 1 PO.17.. SAPQ. 18, SAPO-20 1
SAPO- 3%?1’ pEsIgged é&@g‘%w‘l%ﬂ%?t&‘& @%313@%§%0
SAPO- 441, S9GHEN 4,/S ARAHG, SAPOALE, QAR 0-28L8AP 01, &IAPO 34’4
ALPO 31, ALPO- 34, ALPO.36 ALPO. 37. ALPO

46

cont ai PARG-H5 548036, SARQDSY, $ABPA, SA&’&MMS&R@&Q SAPO-
h

ther eof, Spdne 03‘%156%% %&P@f‘! Rﬂ?@gﬁt @gg-g,%léﬂ@%ﬁe' n

bi nder "iI’s” 1 ncl ut niXin orm
t he sl AIPQG@,O\LPUIGQHELPOCBD%BHCBA&I Actaldvataning tivdecular
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09. not The ertled of any preceding Claim, wherein binder is included in the

mixing of step a) to form the slurry.
10.  The method of Claim 9, wherein the binder is an inorganic oxide sol.

11. The method of Claim 10, wherein the inorganic oxide sol is an alumina-

containing sol.

12.  The method of any preceding Claim, wherein matrix material is included

in the mixing of step a) to form the slurry.
13.  The method of Claim 12, wherein the matrix material is clay.

14. The method of any preceding Claim, wherein the calcined, hardened

molecular sieve catalyst has an ARI of not greater than 0.6 wt%/hr.
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by any of Clains 1 to 16, through a reactor system
wo oro4a059%2ast 4 nont hs; and b) contacting the PCT/US2004/012912
circulating nol ecul ar sieve catal yst with oxygenate
to convert the oxygenate to ‘ﬁ efin. 18. The process of
Claim 17, wherein the nol ecular sieve catal yst has an
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catalyst has an ARI of not greater than 0.4 wi%/hr.

17. A process for making olefin, the process comprising the steps of:
a) circulating a molecular sieve catalyst having an ARI of not greater
than 0.6 wt%/hr or a molecular sieve catalyst prepared by any of Claims 1
to 16, through a reactor system for at least 4 months; and
b) contacting the circulating molecular sieve catalyst with oxygenate

to convert the oxygenate to olefin.

18.  The process of Claim 17, wherein the molecular sieve catalyst has an ARI

of not greater than 0.5 wt%/hr.

19.  The process of Claim 18, wherein the molecular sieve catalyst has an ARI

of not greater than 0.4 wt%/hr.

20.  The process of Claims 17 to 19, wherein the molecular sieve catalyst

contains SAPO molecular sieve.

21.  The process of Claims 17 to 20, further comprising contacting the olefin
with a polymer forming catalyst to form polyolefin.



