WD 2005/ 016521 PCT/ US2001/ 016362 1 MOLECULAR S| EVE CATALYST COMPGCSI Tl ONS,
THEI R PRODUCTI ON AND USE | N CONVERSI ON PROCESSES FI ELD 5 The present
invention relates to nol ecul ar sieve catal yst conpositio th

product i oW OENSHER2Eonpositions and to the use of such c%ﬁﬁ()ﬁsﬁ%{”%ﬂgﬁ?n
conversion processes, particularly to produce olefin(s). BACKGROUND 10

O efins are traditionally produced from,petrol eum feedstocks by catal ytic
or steam cracki ng processes. These cracking processes, especially steam
cracking, produce light olefin(s), such as ethylene and/or propylene, from
a variety of hydrocarbon feedstocks. Ethylene and propyl ene are inportant
comodi ty petrochernjealisCEz AR BIEVEC X TALSST dOomPassIgIong,or maki ng
.plastics and other 15 Chem cal comno The pelrache 1” Jdustry has
known for some THEIRPRODYCIION AND U INCONNXERDIQNIROCESSES hverti bl e
into light olefin(s). There are nunerous technol ogies available for
.produci ng omﬁt es including fernentation or 20 reaction of synthesis gas
derived fro ral gas, petroleumliquids or carbonaceous naterials
including coal, regysleedt BhaRtibsflatdiupintd1Balart@s e @a@lysBBmpRiiels, @r gani ¢
material. CGenerally, the production of synthesis gas 1nvolves a conbustion
reacti on of thaprodattigaef sushstinposriotsaand to Hdredisawf ewshyemposiione i nt o

hydr ogen, carbon nonoxi de and/.or. car bon di oxi de. O her known syngas 25
product i on WBE@‘éE’é‘é’r???é?‘?ﬁd%arE%‘H%’iYﬁoi%ﬂ%lfceﬁ“édgﬁ'f)r ef orm ng, aut ot her mal
reform ng, or a conbination thereof. Methanol, the preferred al cohol for
light olefin production, is typically synthesized fromthe catalytic

reacti on of BWAKGROUNDrbon nonoxi de and/or 30 carbon di oxide in a nethanol
reactor in the presence of a heterogeneous catal yst. _For exanpl in one

e,
synt hesil® pr ocesOlelinmaredradztionsily gradaged S petoleyppieedstogks by catalytic '

or steam cracking processes. These cracking processes, especially steam cracking,

produce light olefin(s), such as ethylene and/or propylene, from a variety of
hydrocarbon feedstocks. Ethylene and propylene are important commodity
petrochemicals useful in a variety of processes for making plastics and other

15  chemical compounds.

The petrochemical industry has known for some time that oxygenates,
especially alcohols, are convertible into light olefin(s). There are numerous
technologies available for producing oxygenates including fermentation or

20  reaction of synthesis gas derived from natural gas, petroleum liquids or
carbonaceous matenals including coal, recycied plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Other known syngas

25  production processes mclude conventional steam reforming, autothermal

reforming, or a combination thereof.

Methanol, the preferred alcohol for light olefin production, is typically
synthesized from the catalytic reaction of hydrogen, carbon monoxide and/or
30  carbon dioxide in a methanol reactor in the presence of a heterogeneous catalyst.

For example, in one synthesis process methanol 1s produced using a copper/zinc



WO 20115/ 016521 PCT/ US2004/ 016362 2 oxide catalyst in a water-cooled

tubul ar net hanol reactor. The preferred process for converting a feedstock
cont ai ni n into one or nore olefin(s), primril : d/ or
propyl ene?wgﬁ%@f}{glgéucont acting the feedstock with a nol e%ﬁ?@ry&sﬂlq@\%ﬁg

catal yst conposition. 5 There are many different types of nolecul ar sieve
well known to convert a feedstock, espegially an oxygenate containing
feedstock, into one or nore olefin(s). For exanple, U S. Patent No.

5,367, 100 descri bes the use of the zeolite, ZSM5, to convert nethanol into
olefin(s); US. Patent No. 4,062,905 discusses 10 the conversion of nethanol
and ot her oxygileantdyst i ewaiereneled mebylarapsthaned reasiong The pyeferm¢d pmeess

alum nosilicate zeolites

or .exanpl.e Zeqlite T, ZK5, eriognite and
chabazite; UleycoBXFiting 31@‘?‘{5&),45739? nﬂ@?ﬁ?f‘ﬁ@@%%‘ﬁﬁoﬁﬁ?‘%@m to convert

met hanol to L 1850164: e, ,and U S.
Patent No. 4, %4‘3‘9%32%?‘%@@%8?%%8?% Lfsi ghtﬁegléw nf?é(%p%%gﬂq&a% al cohol
using a 15 chysitalrisievcabtaifsnophpsyiiai.e, of ten designated Al PO4. Sonme of the
nost useful nolecular sieves for converting nethanol to olefin(s) are

si |'i coal uf ni nophosphat e nol ecul ar si eves. Silicoal um nophosphate (SAPO)

nmol ecul ar si eves ntain a thtee-dimensional nicroporqus crystalline 20
framework structur eﬁefarfg?aélx%}t?ir Iimesacﬁm?ﬁfz] S&%‘%ﬁ%@@ﬁ ﬁgcopg?r} 3_hedra|
uni ts. SAPOféaa@{oeg,sesﬁedi@gdﬁ@@fygeﬁﬂe icOnthinthg B8dedtlk, Mo offe GARCR7L, which is
herein fully 1ncorporated by reference. SAPO nol ecul ar sieves are generally
synt hesi zed bjefin{s)e Foy examlerdl PetepsNal 3,86451 0bdesofibes the asd dfcthe neoliteir e of

ilicon-, aluynj d _phasphor us- d at |east ope tenplati
agent . Synt hdsiSofo nsaperesmnsbInis oleB(s €S PaienNe of i 463 Scusitto a sapo

catal yst,,andg_ ] i ) ] cbé?ﬁ‘y t i -0l efin(s),
parti cul Eli(l}| y%vér]%)?lg&t%ﬁg c?élg fs}é%?: ﬁ?gmﬁﬁ?%gﬁgﬂ are Igﬁgzgﬁc}% g@%}ﬂr?‘%l@ Pat ent
Nos. 4, 499, 32#fstaflife/aludidsilidate ZéoR#s, fodeinthi836olite T, @83, ¢hdnitedmndl4, 662 and

6, 166, 252, all of which are herein fully incorporated by
chabazite; U.S. Patent No. 4,079,095 déscribes the use of ZSM-34 to convert

methanol to hydrocarbon products such as ethylene and propylene; and U.S. Patent
No.—4,310,440 describes producing light olefin(s) from an alcchol using a
15  crystalline aluminophosphate, often designated A1POA4.

Some of the most useful molecular sieves for converting methanol to
olefin(s) are silicoaluminophosphate molecular sieves. Silicoaluminophosphate
(SAPO) molecular sieves contain a three-dimensional microporous crystalline

20  framework structure of [Si04], [AlG4] and [PO4] corner sharing tetrahedral units.
SAPO synthesis is described in U.S. Patent No. 4,440,871, which is herein fully
incorporated by reference. SAPO molecular sieves are generally synthesized by
the hydrothermal crystallization of a reaction mixture of silicon-, aluminum- and
phosphorus- sources and at least one templating agent. Synthesis of a SAPO

25  molecular sieve, its formulation into a SAPO catalyst, and its use in converting a
hydrocarbon feedstock into olefin(s), particularly where the feedstock is methanol,
are disclosed in U.S. Patent Nos. 4,499,327, 4,677,242, 4,677,243, 4,873,390,
5,095,163, 5,714,662 and 6,166,282, all of which are herein fully incorporated by

reference.



reference. WD 2005/016521 PCT/ US2004/ 016362 3 Typically, nol ecul ar sieves
are formed into nol ecul ar sieve catalyst conpositions to inprove their
durability in conmmercial conversion processes. These nol ﬁ‘i‘%s%mﬁliu%\ﬁ?

catal yst NhP9s4°3hs are formed by combining the nolectlar oleve Wth a

matrix material and/or a binder, which typically are netal 5 oxides.

However, these binders and matrix materi3al s typically only serve to provide
desired physical characteristics to the catal yst conposition, and have
little to no effect on conversion and selectivity of the'nolecul ar sieve.

It would therefore be desirable to have an inproved nol ecul ar sieve

cat al yst conposi t Typicallyawiolegular biev¢seare domedngioonoleatla, siévepraiyst ol ef i n
selectivity and a longer lifetine,. 1]0 U. S. Pat er]t No. 4,889, 615 discloses a
‘process for SORPOSHIONS | IEPTEYGIRITdyrabriity gn GOPHSTCIR  CORVHBIAPIICESE’, i ncl udi ng

resids, in I ch | Fﬁﬂ: % é‘ﬁ%}: : al yst
’corrpri si ng \zgﬂze %ﬁc{igc,ﬁag?j%ﬁé gaétg@gl(c) I epl S&,Ohgﬁrcf fgirslﬂ?ad |ﬁn\g/)l§amﬂl§§?rébri sing a
dehydrat ed rgResatsed with B iRty Baddril end/er Nbindly, &dich @picaly srametd f or
vanadi um as well as an agent for reducing the content of sulfur oxides in

the regénercxidss. fHavwevgadhesebBmderandnnatgg maseralotyposlivpslylsewedoa 1 ui d

catal ytic cracki,n rqcess f.o converti hydr ocar bon .f eed,st oc

Conta ni g MESVE Rebist RETEY aheraC P RGP S A RamBaes S0 Ba e

conpri ses a gegld ivEdsERRIASERERY P MAL rdidchih SRV ftRyoudr ticles of a
car bonat ed gtaﬁlgnﬁiffegtn@{sﬁ%fgt ist ut ed h{%dr o‘fsg?’ Ci tel. u. S Pgtent ONH?)(?1 6, 180, 828

di scusses t lthersfire bé desirablith hede aningerobed meleevlar sitve atagi coempesitiph ani nes
from net hanol and anmoni a where, for exagg}lfe, a 25 silicoal uni nophosphate

nol ecul ar sib@ymg abGHBYEEIRH 12t HRBErOYED AT SRisal e 2 logerdifelime zi r coni um

oxi de, ? titaniumoxide, an yttriumoxide, nontnorillonite or kaolinite.
EP- A- 31 881 di scl oses a process for cracking vanadi um cont ai ni ng

U.S. Patent No. 4,889,615 discloses a process for the catalytic cracking of
high metals content feeds, including resids, in which the feed is cracked in the
presence of a catalyst comprising a zeolite, such as zeolite Y, and an additive
comprising a dehydrated magnesium-aluminum hydrotalcite which acts as a trap

15  for vanadium as well as an agent for reducing the content of sulfur oxides in the

regenerator flue gas.

U.S. Patent No. 6,010,619 discloses a fluid catalytic cracking process for
converting hydrocarbon feed stocks containing heavy metal compounds, in which
20  the catalyst employed comprises a zeolite or silicophosphoaluminate treated with

particles of a carbonated strontinm-substituted hydrotalcite.

.S, Patent No. 6,180,828 discusses the use of a modified molecular sieve

to produce methylamines from methanol and ammonia where, for example, a
25  silicoaluminophosphate molecular sieve is combined with one or more modifiers,
such as a zirconium oxide, a titanium oxide, an yttrium oxide, montmorillonite or

kaolinite.

EP-A-312981 discloses a process for cracking vanadium-containing

30  hydrocarbon feed streams using a catalyst composition comprising a physical



30 hydrocarbon feed streans using a catal yst conposition conprising a
physi cal WO 2005/016521 PCT/ US2004/016362 4 m xture of a zeolite embedded

in an |nor\98%‘ﬁm“e.fziiactory matrix material and at |east QRguhieichh
beryllium ™ magnesium cal cium strontium bariumor |anthanum preferably

magnesi um oxi de on a silica-containing support material. 5 Kang and | nui,

Ef fects of decrease in nunber of acid siges |ocated on the external surface
of Ni-SAPO 34 crystalline catalyst by the mechanochem cal nethod, Catalysis
Letters 53, pages 171-176 (1998) disclose that the shape selectivity can be

enhanced and the coke f rmat at ed in the conversi n net hanol to
et hyl ene oveMIRPLESHHE3e8 eoi}“tiﬁ%aizén ngg@aipép ORI/ ert‘,’i@d #0 BaO or

preterred. | EBAREr oA R R B e <ol e T P e ‘

conver si on ofanthangepf@sbly maghedfiin Dxtdecon a sBigRicbniatiisy supportedtedalc
nol ecul ar sieve containing a 15 netal selected fromthe group consisti ng of

a | ant hani de, an actinide, scandium yttrium a Goup 4 netal, a Goup 5
net al or comnbi nat j,ons re n r_co-.pendin a i cation
Seri al 10/ 364kf§ ‘is]ie”élb(gfpegt‘r(lfo °3% ! i 6%’ ‘g?ﬁaé’r‘%mf)*’étlﬁ%‘i%ﬁo'ﬁ%a catal yst
CONposi tl on whigh @ﬂb@btﬁ:@ﬁp@@@@ﬁ@ﬂu defcataiﬁ?b)\itiﬁnnébﬁgﬂodheuﬁm conver si on
of oxygenates to olefins and conprises a holecular sieve and at | east

one net al oxmdmoba@am@smmwptsa%epages 16w156ﬁ19ﬁ8¢ﬁlsdbsathaﬂﬂﬁ@haﬁc at least 0.03

ng/ 2 of the netal oxide. The tal oxide is selected froman oxide of
Goup 4 of t¥ReecHEY 63f be %Peefgi?ﬂdebe gma@wwgasﬁddﬂ@wmveswfﬁﬁ nati on

wi th .an oxi I | enent s
and/ or an 031?1 %@ﬁé%ﬁgﬁdg n?r om §£63§%P§Fﬁllﬁgeﬂ?$gdé£¥§$v Wg%f@algferrent S,
i ncl udi ng t@a@@ﬂmwlcﬁlﬁnﬁﬁsgﬁami néA-9om@it siliad) dvithBa@Geiny tHenfoef | €s of

el enents. 30 WD 2005/ 016521 PCT/ U82004/ 016362
preferred.

International Publication No. WO 98/29370 discloses the conversion of
oxygenates to olefins over a small pore non-zeolitic molecular sieve containing a
15  metal selected from the group consisting of a lanthanide, an actimde, scandium,

yttrium, a Group 4 metal, a Group 5 metal or combinations thereof.

In our co-pending U.S. Patent Application Serial No. 10/364,156 filed
February 10, 2003, there is described catalyst composition which exhibits

|
|

20  enhanced lifetime when used in the conversion of oxygenates to olefins and which
comprises a molecular sieve and at least one metal oxide having an uptake of
carbon dioxide at 100°C of at least 0.03 mg/m2 of the metal oxide. The metal
oxide is selected from an oxide of Group 4 of the Periodic Table of Elements,
either alone or in combination with an oxide selected from Group 2 of the Periodic

25  Table of Elements and/or an oxide selected from Group 3 of the Periodic Table of
Elements, including the Lanthanide senes of elements and the Actinide series of

elements.

30



5 SUMVARY I n one enbodi nment, the invention provides a catal yst conposition
i ncludi ng a nol ecul ar sieve, hydrotalcite, and a rare earth nmetal conponent.
In one aspect of this enbodi ment, the nol ecul ar sieve i oman 5
al unmi nophd¥BRIPI615i | i coal umi nophosphat e and met al - confpﬁpﬁghﬁﬁfﬁs@
thereof. In a particular aspect of this enbodinent, the rare earth netal is
| ant hanum  Conveniently, the nol ecul ar ssieve is sel ected from SAPO 5,

SAPO 8, SAPO- 11, SAPO 16, SAPO 17, SAPO 18, SAPO 20, SAPO 31, SAPO- 34, 10
SAPO 35, SAPO- 36, SAPO 37, SAPO 40, SAPO 41, SAPO 42, SAPO 44, SAPO 47,
SAPO- 56, AIPO-5, Al PO 11, Al PO 18, Al PO 31, AIPO 34, AIPO 36, AlPC 37,

Al PO- 46, -containing fornms thereof and m xtures, including

A U s e T CUA L i E
forms ther eofhchdfith MnsicdhRS sichd) Gl @dtAEitd, Bid®s eirovhiis metd) esi@pénenespeci al | y

SAPO 34, intergrowths of SAPO 34 and SAPO 18, and intergrowhs of GeAPO 34
and GeAPO- 1&ne aspec’ctmdﬂhecmbmﬂ)mrxﬁmmdehelai ﬁ@%lsglﬁctpd &wides a cat al yst

conposition 20 in ng al.um, nophosphat | i coal um nophosphat e
ol boul ars_ o SPRIIBOGTREYS PSR SRESPEO TR AR A A B RhPG 17,
SAPO- 18, of &% 3. SAPO- 40,
SAPO- 41, SAIé%%t%m %%P&Qﬁ sﬁ@%%@fl’h’g%@g%e re AR BUA Pﬁﬁm%ﬁf Al PO 1S,
AlPO-3 1, AIPO 34, Al PO 36 Al PO 37, Al PO 46, MCM 2, netal -containing 25
forns ther eof, and m xtures, incl ud| ng intergrowt hs, thereof and

hydrotal cite. OpfPayraramly, ‘bﬁéﬁ%%ﬂ%ﬁetvp é?ﬁeéeéﬁﬁdf@?mw(?ﬁﬁﬁﬂ@ % rare earth
el ComPOTSRbo A SN BRI Sy bR paaghosphat  and
ALPO-11,10A FEABB.35MERP(R34, sﬂ@@vy@@@om,@mm1mgsz.9@ma&6z

SAPO-47, SAPO-56, AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, A1PO-36,

AIPO-37, AIPO-46, MCM-2, metal-containing forms thereof and mixtures,

including intergrowths, thereof. Particularly useful molecular sieves include

SAPO-18, SAPO-34, SAP(O-35, SAPO-44, SAPO-47, AIPO-34, metal-containing

15 forms thereof, and mixtures, including intergrowths, thereof, especially SAPO-34,
intergrowths of SAPO-34 and SAPO-18, and intergrowths of GeAPO-34 and
GeAPO-18.

In another embodiment, the invention provides a catalyst composition
20 including an aluminophosphate or silicoaluminophosphate molecular sieve
selected from 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, AIPO-5, AIPO-11, AIPO-
18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46, MCM-2, metal-containing
25  forms thereof, and mixtures, including intergrowths, thereof and hydrotalcite.
Opfionally, the composition can further include a rare earth metal component,

such as lanthanum.

Conveniently, the aluminophosphate and metalloaluminophosphate

30  molecular sieves are selected from AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-



6 34, AIPO-36, AIPO-37, AJPO 46, netal -containing fornms thereof and
m xtures, including intergrowhs, thereof. In yet another enbodi nent, the

i nvention ‘gbqphg@l%sﬁ process for 5 formulating a nol ecul af’ci}l%%ﬁ)%ﬁ%@i yst

conposition, e process including providing a nolecular sieve; providing a
hydrotal cite conmposition including hydrotalcite and rare earth netal
conponent ; and conbi ning the nol ecular sgeve and the hydrotalcite
conposition to produce a formul ated nol ecul ar sieve catal yst conposition.
10 Conveniently, the step of providing a hydrotalcite conposition is carried
out by providing a solution of a rare earth netal conpound; m xing the

sol ution wi B# APRD-30aAHQS7 SR M metgl-contyinngfarms (herrpl epdmixturesy to form
a dried hydrotal.cite co sitign. By way of exanple, the rare earth netal
conpound rray‘@‘id‘égﬁﬁﬂé’ﬁr{g‘ > '%?{e%g(i de, an oxyhalide, a hydroxide, a sulfide,
a sulfonate, a boride, a borate, a carbonate, a nitrate, a carboxylate or a
m xture thereof. Conveniently, the step of conbining the nolecul ar sieve and
t he hydrotal cit e egetpmsilter embbdineeat, thenhventtontyyrofdesra prpeasssforr ry of t he

nol ecul ar sieve 20 and the hydrotalcite conmposition; and drying the slurry
to form & dr femulatiizgamalesplar Bsyeeaiplyt copwesitipnsthe pracesyRpydingi on. | In

further enbodi ne t L Ry.entj.o il -0C f ing a
urer oo Rl GBI AR SE R SRNARL
contacting t hgdrotikifeapdshRCdarthirhdialdogdionkbs kn Caifing the molRlHr §iehd: ()
mol ecul ar sieve, and (b) hydrotalcite; under catal ytic conversion ‘
condi tions, tud fherhydeptaenel compeditnutoepredunsra foimglatedimedlenidar 3¢ve\aaal6G05/ 016521
PCT/ US2004/ 016362 ...
compostiion.
10
Conveniently, the step of providing a hydrotalcite composition is carried
out by providing a solution of a rare earth metal compound; mixing the solution
with hydrotalcite to form a shurry; and drying the slurry to form a dried
hydrotalcite composition. By way of example, the rare earth metal compound may
15  be a halide, an oxide, an oxyhahde, a hydroxide, a sulfide, a sulfonate, a boride, a

borate, a carbonate, a nitrate, a carboxylate or a mixture thereof.

Conveniently, the step of combining the molecular sieve and the
hydrotalcite composition is carried out by forming a slurry of the molecular sieve
20  and the hydrotalcite composition; and drying the slurry to form a dried, formulated

molecular sieve catalyst composition.

In further embodiment, the invention provides a process for converting a
hydrocarbon oxygenate feedstock to olefins, the process comprising contacting the
25  feedstock with a catalyst composition comprising:
(a) molecular sieve; and
(b) hydrotalcite;
under catalytic conversion conditions, to form a product mixture comprising
olefins.
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7 DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Introduction The invention is
directed to a nol ecul ar sieve catal yst conposition, its production and its
use in the conversion of hydrocarbon feedstocks, partic genat ed
f eedst ocR¥O 2045{d6F ef i n(s). It has been found that corrbiLHnCia[?I é/ze(am'?r?)]?‘%’e(&céuI ar
sieve with hydrotalcite, optionally together with a rare earth netal,
results in a‘catal yst conposition wth | onger lifetime when used in the
conversion of feedstocks, such as oxygenates, nore particularly nethanol,
into olefin(s). In addition, the resultant catal yst conposition tends to be
nore 10 propyl ene selective than the same nol ecul ar sieve w thout the

hydr ot al ci t BETRJARD DESCRIEHON OKBT#EREMBODIMENTSI eves have been
classified by the Structure Comm ssion of the 15 International Zeolite
Associ at i onlIFedediony t o the rul es of the | UPAC Conmission on Zeolite

Nomencl at ure. AC‘I[;’R% H{gt@r ll.lcgﬂ sttlﬂjegtgg |t<g§ ﬁioflécﬁfag%%?g ﬁgetéﬁ@t C%Hﬂogﬁioﬂniltse cul ar

t
sieves, for whic ure een es are ‘assighed a three

" letter codeproafidlion’®ddRssE ilb@d cofivérbien At hagoalibeteRbddierks! pa¥eMmity Types, 5th
edition, Elsevier, London, England (2001), which is herein fully

i ncor poisat ewkyiggnated fedsioeks, Mo Clefin{sal Itihaeberyl found et ednelisingsd | have a

3-di nensi onal , four.-connected. .franmewor tructur.e of cornper-sharing [TO04}

t et r ahedr a, RISEHAT qieyeswgﬁ@grpéa[lg%gap%a:ﬁﬁ% e(’iiwr@t"’er&r%%f’ﬁhorﬁ?ta | ecul ar
sieves are LGl E6hD&S b WS, Plifdihge o ; ring that
defines a p%?lgfsqmﬁec}ég%t%ﬁeéﬂsl?zeli swﬁ)tgs?ggn%n 1t he nu%@#ﬁgf]ﬁ% T atons in the
ri ng. O hercdnvaninaKeddgiveks Baclaad enigstdtes mionepartienlbdtenetttapolétent of rings
that forni a ca(ge, and, when present, the dinmension of channels, and the
spaces bet viiehnEhenadgiion, beaesplianEatalysteompontiion tepdg odwuaeicon to Zeol ite
Sci enc

Vol umo 1Ps7 ProgUBi eféyy IR s FRP Bl s TRl SRRk INRRRRSR o anas

(2001). additive.

Molecular Sieves

" Molecular sieves have been classified by the Structure Commission of the

15 International Zeolite Association according to the rules of the TUPAC Commission
on Zeolite Nomenclature. According to this classification, crystalline molecular
sieves, for which a structure has been established, are assigned a three letter code
and are described in the Atlas of Zeolite Framework Types, 5th edition, Elsevier,
London, England (2001), which is herein fully incorporated by reference.

20

Crystalline molecular sieves all have a 3-dimensional, four-connected

framework structure of comer-sharing {TO4] 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

25 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).
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30 WD 2005/ 016521 PCT/ US2004/ 016362 8 Non-limting exanpl es of nolecul ar
sieves are the small pore nolecular sieves, AEL AFT, APC, ATN, ATT, ATV,
AWN BIK, CAS, CHA, CH, DAC, DDR, EDI, ERI, GOO KFI, LEV, LOV, LTA, MN,
PAU, PH . WOHZIOSREEG2! THO, and substituted forns thereof;: RGTASEMUAYor e
nol ecul ar sieves, AFO, 5 AEL, EUO, HEU, FER, MEL, W, MI'W MIT, TON, and
substituted fornms thereof; and t he Ia[T%e pore nol ecul ar sieves, EMI, FAU,
and substituted forms thereof. O her | ecul ar sieves include ANA, BEA,
CFl, CLO DON, @S, LTL, MR MOR, MAWand SOD. Non-limting exanpl es of
preferred nol ecul ar sieves, particularly for converting an oxygenate

cont ai ni ng f eedst Nok-liniiting &f)am;bleé bfnﬁlsbeculhruitmemﬁﬂile,snﬁﬂ\poréﬂoldﬁkr CHA, EDI,
FAU, PER, 4GS, LTA, LTL TAM and TON._ I n one

preferred ermousndhl AFT, h@@mﬁ%uﬁgﬁ élTé'vé*%Wt » e HELONCHAD AR, AEI

t opol ogy or f m‘rgﬁi rably a CHA
t opol ogy. 1@%%?%%% Qﬂé@i E‘E(}P TFV p‘% r&ﬁé‘%@ip gggéﬁjgve froma .
4-1ing to a TRE; ihdsutRiinkERHAS ﬁef@ﬁﬂ@hi%ﬂitﬂ@ﬁere'tﬂol@&ﬂﬁ&%@'@@t the
nmol ecul ar sieve$S used herein have 8-, 10- or 12- ring structures and an
aver age por eAEL,zEUD;HE’{é, HERMJEEDf MELMAVEBRGET, BAN, and Substitited formsr e

preferred enbodi t he nol ecul ar_ si eves rings. an an aver age
pore size | &8gep a‘ﬁ d fhiolgrecpRre wglarulag sigyes; ﬁﬁfﬂi%ﬁs@ StFP‘G farms o about

5A, f t bout
2 2a ol ceurgrok; QT ARl i dmiice AR IR BT ORTIE o o 2o

preferably, MERYMORIMWW anid8ODs Nbén- hgutﬁngcmantpeésrceﬂped%abd umuécalarand nor e
preferably, two or 25 nore [Si04], [Al104] and/or [PO4] tetrahedral units.
Typical |y, tsrvemmasienlaly Br soRSTiRGN PoREae sorsainingfe dpieat e (ALPO)

rot al - coht s F R AR AL SRRl RET IR, G B0 AR FER: B3 Te such
si eves. MER, MFI, MOR, MTT, MWW, TAM and TON. In one preferred embodiment,
the molecular sieve of the invention has an AEI topology or a CHA topology, or a

combination thereof, most preferably a CHA topology.

15 The small, medium and large pore molecular sieves have from a 4-ring to a
2-ring or greater framework-type. In one embodiment, the molecular sieves used
herein have 8-, 10- or 12- ring structures and an average pore size in the range of
from about 3A to 15 A. In a more preferred embodiment, the molecular sieves
have 8- rings and an average pore size less than about SA, such as in the range of
20  from 3A to about 5A, for example from 3A to about 4.5A, and particularly from
3.5A to about 4,24,

Molecular sieves have a molecular framework including one, or preferably,
two or more corner-sharing [ TO4] tetrahedral units, and more preferably, two or
25  more [Si04], [Al04] and/or [PO4] tetrahedral units. Typically, the molecular
sieves used herein are aluminophosphate (AIPO) molecular sieves,
silicoaluminophosphate (SAPO) molecular sieves, metal-containing AIPO and

SAPO molecular sieves and intergowths of such sieves.



WD 2005/ 016521 PCT/ US2004/ 016362 9 In the case of netal -containing

nol ecul ar sieves, the netal atons can be inserted into the framework of the
nol ecul ar_si eve through a tetrahedral unit, such as [Me y a net
charge deW&PHY%H t he val ence state of the netal subs?&%@éﬁ[&g’"&%é{

exanpl e, in one enbodi nent, when the netal substituent has a 5 val ence state
of +2, +3, +4, +5, or +6, the net charg§ of the tetrahedral unit is between
-2 and +2. Exanples of suitable netals for use in the netal -containing

nol ecul ar sieves used herein are alkali netals of Goup 1 of the Periodic
Tabl e of Elenents, 10 alkaline earth netals of Goup 2 of the Periodic

Tabl e of El enent dn thewase ebmetzl-nentainingf maleoupr Sevs, thhendbd mitars canttabl e of

_Elerments, including the, Lanth ni es: . lanthanu cerium eod

"neodyni um deseEed U%? %‘BP‘M?F% Pleptlansieye qgﬁ‘]‘“&?%‘}?ﬁb@ Syuf'in%ﬁl i um
erbi um thuI t I es&a‘?é]ﬂ m
_transition ﬁ%&ﬁﬁaﬁg&%gh%g%hﬁ%&%%%gﬁ& Per | og' Egl)'éfbt}% H"'@a enent s,
“and ni xt ur esyRkindRy. Por éhagee, iRbed cib@iinest, when diemetal afvetifuest ipghodi ment
the metal is selected fromthe group consisting of Co, Cr, Cu, Fe, Ga, Ge
My, M, S8, vSlenceTitatenf +3nd3.2rd, +arer rfi heures sharge phihe tetmhedrabenit tdi ¢ Tabl e of
El enent s refberred #Mggei nis the UPAC format described in the CRC
Handbook of S d Physics, 78th Edition, CRC Press, Boca 20 Raton,
Fl orida (1997). Al um nophosphate nol ecul ar sieves, silicoal um nophosphate
nol ecul ar sieves and netal containing derivatives thereof have been

descri bed i n det &xhmpies afsnitabdesiefalsofor osdt indhe mieteddcuniaiming moleexarpl e, U. S.

Patent No. 4,567,029 (MAP where Me i s I\/g Mh,. Zn, _or Co), U.S. Patent
No. 4, 440 gFEveSIPhh er%#l@ﬁélﬁﬂi mﬁalsgﬁﬁf%ﬂp Hhei Rsiiogs. Tabde afsiglements( £l APSO

thene, g iSO Lor s e Pyl ) ©

é P7i408§gl( Eg:gﬁ%@ﬁrogﬁ BT e o8 0iE5T Mo EiBmemR] @bkhidid¥ahe La@BniddH ( ZNAPSO,
- A- ( CoAP EP- A-O 158 976 (ELAPO

lanthanum, cerium, praseodymium, neodymium, Samarium, enropium,

gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium and

lutetium; and scandium or yttrium, transition metals of Groups 4 to 12 of the

15  Pernodic Table of Elements, and mixtures of any of these metal species. In one

preferred embodiment, the metal is selected from the group consisting of Co, Cr,

Cu, Fe, Ga, Ge, Mg, Mn, Ni, Sn, Ti, Zn and Zr, and mixtures thereof. The

Periodic Table of Elements referred to herein is the IUPAC format described in

the CRC Handbook of Chemistry and Physics, 78th Edition, CRC Press, Boca

20  Raton, Florida (1997).

Aluminophosphate molecular sieves, silicoaluminophosphate 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

25  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 (FeAPSQ), 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,

30  where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO4), EP-



30 where EL is Co, Fe, My, WMh, Ti or Zn), U S. Patent No. 4,310,440 (Al P&4),
EP WD 2005/ 016521 PCT/ US2004/ 1116362 10 A-0 158 350 (SENAPSO), U.S. Patent

No. 4,973,460 (Li APSO, U.S. Patent No. 4,789,535 (Li AP nt No.
4,992, 250VOGRKHHE)2! U S. Patent No. 4,588, 167 (GeAPO), %ﬁgpyfyﬁygﬁé%{b_

5,057,295 (BAPSO), U S. Patent No. 4,738,837 (CrAPSO), U. S. Patents Nos.
4,759,919, and 4,851,106 (CrAPO, U. S 1% Patents Nos. 4,758,419, 4,882,038,
5,434,326 and 5,478,787 (MJAPSO), U.S. "“Patent No. 4,554,143 (FeAPO, U.S.
Patent No. 4,894,213 (AsAPSO, U S. Patent No. 4,913,888 (AsAPO), U.S.

Pat ents Nos. 4, 686,092, 4,846,956 and 4, 793,833 (MJAPSO, U.S. Patents Nos.
5, 345, 011 aAdb 553360 SSANARSBRA).S. Bhatnt Wat4hit3.4000(Li1APIOY, (BS3P{tBeARSO), U. S.

Patent No. 4,940,570 (BeAPO,. U.S. Patents Nos. 10 4,801,309, 4,684,617 and
4,880, 520 (%i7AHS84y ,(L@.&g?)a Ha%-ePrﬂ@tN?s4a9§,2§36!(\%9&?3%,%§1?§%Té‘hd 4, 605, 492

4. 735, hoo (ESRvaly (ERARRY UssFhsie sl D e of HS Puedin. "0 %e ni
[Q02]), as ypebl 833 (CkAPSERIES! Batdids Nod., £559, 9129 and 4,868500 8SAPD) 8115 814,

4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, 15 4, 956, 164,
4,956, 165, Batems Nes54,758449, H8E2,038, 49340566 2ad §.4935783 (MBAPHN US.  which are

desor | bed | Perrit 199 665 & P44 R ABEhRU S oient he vt PR S AP R e ™ "%
Rei nhol d, Ngy A}fﬁﬁ%ﬁé@@%ﬁﬁ@ﬁ< lﬁ.@.glga%%nts %F'Vmg?d]‘m _4@%@52 alj-lg|4| W3l %gor por at ed

by reference. odifent,” the nol ecul ar Si éve, as de&cribed in nmany

of the U S. (MRAPSO)SUISeRhiconalbsab3¥e 011 and 606698 I(RRARD) UES. ®atent i cal
formula, on an anhydrous basis; 25 nR:(NA%PZ 02 wherein R represents at
| east one (MAPHALT.AG BERNTSORILEH disiettNad YOG BeAPGHN & PAGHSMS ; m i 5

B TS A A LSS AR syt e om0 o
4,551,236 and 4,005,492 (T1APO), U.S. Patents No. 4,824,554, 4,744,970
(CoAPSQ), U.S. Patent No. 4,735,806 (GaAPSO) EP-A-0 293 937 (QAPSO,
where Q 1s framework oxide umt [QO2]), as well as U.S. Patents Nos. 4,567,029,
4,686,093, 4,781,814, 4,793,984, 4,801,364, 4,853,197, 4,917,876, 4,952,384, -
15 4,956,164, 4,956,165, 4,973,785, 5,241,093, 5,493,066 and 5,675,050, all of

which are herein fully incorporated by reference.

Other molecular sieves include those described in R. Szostak, Handbook
of Molecular Sieves, Van Nostrand Reinhold, New York, New York (1992),

20  which is herein fully incorporated by reference.

in one embodiment, the molecular sieve, as described in many of the U.S.
Patents mentioned above, is represented by the empirical formula, on an ;
anhydrous basis:
25 mR:(MALP)O,
whcfein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M AlP,)O; and has
a value from 0 to 1, preferably 0 to 0.5, and most preferably from 0 to 0.3; x, v,
and z represent the mole fraction of Al, P and M as tetrahedral oxides, where M is

30  an element selected from one of Groups 1, 2, 3,4,5,6,7,8,9,10,11, 12,13, 14



and z represent the nole fraction of Al, P and M as tetrahedral oxides,
where Mis 30 an el enent selected fromone of Goups 1, 2, 3, 4, 5 6, 7, 8,
9, 10, 11, 12, 13, 14 WD 2005/016521 PCT/ US2004/ 016362 1& g&g ;Ihapt hani de' s
of the PerYBdPE /W48 le of Elenents. Preferably Mis sel ect BETPBINOY362 o

Cr, Cu, Fe, Ga, G, My, Mh, Ni, Sn, Ti, Zn and Zr. In an enbodinent, m is
greater than or equal to 0.2, and x, y d z are greater than or equal to
0.01. In another enbodinent, mis greater than 0.1 to about 1, X is greater
than O to about 5 0.25, y is in the range of from0.4 to 0.5, and z is in
the range of fromO0.25 to 0.5, nore preferably mis from0.15 to 0.7, xis
from 0. 01 t cufdl Dantharide' oftthe Perodio TobIE of Edamebnts. iléreferaiﬂyMB; detecdSrom

el ude. ono B Ca, Do FarCeMBAMS: 31 SBARo28 Sodisolh in SERPTIB!, ARG, 17,
ot e e R % SR PR RS,

Al PO-5, Al PQublher Ahf¥odifient AR e@ter AaRQ: 1Bth, abbhiPOx36 gredld?@ai’o 1o HoBO- 46,

MCM 2 and netal contai ning nol ecul ar sieves thereof. Of these, 15
parti cul &rl y0.08ef islin thyl reoge of fremévet &ib.andrgs or the rengetsifrfeonh 62566 0SAPO- | 8,

SAPG - 34, SAPO- 35, . SAPO- 44,. SA | PO. 18 34
cont ai ni ng laeﬁwafqrﬂbéglﬁﬁﬁ%ﬁ%éﬁ&féés @Fld?ﬁgr%ﬁ%‘iaqqgﬁ APO- 18,

SAPO- 34, Al gfpdggo | 8@ 48, and netal containing derivatives thereof,
such as GeAP%dSZZ1 an APO-18. 20 In an enbodi nent, the npol ecular sieve is

an intergrowh material having two or m)re di sti nct crystal line phases

wi t hin one nol ecul ar sieve conposition, articular, intergrowth
nol ecul ar si eves HPE“]H@%B exEEPiehot $APQ an Daneleclphsietesusefl Beipini cat i on

v, 20030 SRR LSO ROELS Y STHLED, By g 140
SAPO- 1S5, Al P, :‘s&mﬂ SRENPOD () WP (RB1 AAPORATBAP K3 S, \SXER O B3BISAPO-37,
SAPO-40, SAPO-41, SAPO-42, SAPO-44 (U.S. Patent No. 6,162,415), SAPO-47,
SAPQ-56, AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36, AIPO-37,
AlPO-46, MCM-2 and metal containing molecular sieves thereof. Of these,
15 particularly useful molecular sieves are one or a combination of SAPO-18, SAPO-
34, SAPO-35, SAPO-44, SAPO-56, AIPO-18 and AIPO-34 and metal containing
derivatives thereof, such as one or a combination of SAPO-18, SAPO-34, AIPO-
34 and AIPO-18, and metal containing derivatives thereof, such as GeAPQ-34 and
GeAPO-18.
20
In an embodiment, the molecular sieve is an intergrowth material having
two or more distinct crystalline phases within one molecular sieve composition.
In particular, intergrowth molecular sieves are described in the U.S. Patent
Application Publication No. 2002/016508% and International Patent Publication
25 No. WO 98/15496, both of which are herein fully incorporated by reference. For
example, SAPO-18, AIPO-18 and RUW-18 have an AEI framework-type, and
SAPQ-34 has a CHA framework-type. Thus the molecular sieve used herein may
comprise at least one intergrowth phase of AFI and CHA framework-types,
especially where the ratio of CHA framework-type to AEI framework-type, as



SAPO- 34 has a CHA framework-type. Thus the nol ecul ar sieve used herein may
conprise at |east one intergrowh phase of AElI and CHA framework-types,
especially where the ratio of CHA franework-type to AEl f rk- e, as
WO 2005/ 0 M8 290332YS2004/ 016362 12 det ermined by the D @E%f’ﬂ%é&
disclosed in U S. Patent Application Publication No. 2002/0165089, is
greater than 1:1. Ml ecular Sieve Synthesis 5 The synthesis of nol ecul ar
sieves is described in many of the references discussed above. Generally,
nol ecul ar sieves are synthesized by the hydrothermal crystallization of one
or nore of a source of alum num a source of phosphorus, a source of
silicon and detéraripédby thg DIFEaX methehdiadosednn .5 gaters dxtpdiicatiory or gani ¢
conmpound. Typically, a conbi natéon of soyrces, of silicon, alumnumand 10
phosphor us, icaten No. 02/016aE8D As m5aler Ihting agents; is placed in a
seal ed pressure vessel, optionally Iined wwth an inert plastic such as

pol ytetrafl uoroet hyl ene, and heated, under a crystallization pressure and
t enper at ur e, Maldcularssieve/Sirthédine material is formed, and then recovered by
filtration, “centritugation and/or decanting. 15 Non-limting exanples of
sil.icon Sources iTHag sythesisiof oxdesijarfsiavesiisgics¢rdred in pemy % dhepeterentes osi | - 200

ilable f . , K, d -
ova [0 oo Cogisse b dov forky e o and CRR AL IS
tetramet hyl QU&RQsiddCaidte 6f MR of R Eou&d Bfﬁ{]}i’.}ﬂ Lhedidei ot %Fsgﬁ%ﬁ:%%( , 20

coll oidal silicas or agueous suspensions ereof, for exa HS- 40

so] avai | akdoarderadiilicoh andly tédrapittinieaddntaucls as Witleagt@nainigl cyd@iie, silicic
acid or any conbination thereof. Non-limting exanples of alum num sources
i ncl ude al urdomperadk dxpigaly, a combinstion Pl APHTECSHlFHICOUNA BB PBXI de, al uni num

phosphats, AT Rt ot A5 o200 HRALHFTaRE Sucrh2 SHHRAR N TebRa 07 PDSI te

pressure vessel, optionally lined with an inert plastic such as

polytetrafluoroethylene, and heated, under a crystallization pressure and
temperature, until a crystalline matenal is formed, and then recovered by filtration,
centrifugation and/or decanting.

15

Non-limiting examples of silicon sources include silicates, fumed silica,

for example, Aerosil-200 available from Degussa Inc., New York, New York, and
CAB-0O-SIL M-5, organosilicon compounds such as tetraalkyl orthosilicates, for
example, tetramethyl orthosilicate (TMOS) and tetraethylorthosilicate (TEOS),

20  colloidal silicas or aqueous suspensions thereof, for example Ludox HIS-4O so]
available from E.L du Poﬁt de Nemours, Wilmington, Delaware, silicic acid or any

combination thereof,

Non-limiting examples of aluminum sources include aluminum alkoxides,
25  for example aluminum isopropoxide, aluminum phosphate, aluminum hydroxide,
sodium aluminate, pseudo-boehmite, gibbsite and aluminum trichloride, or any
combination thereof. A convenient source of aluminum is pseudo-boehmiite,

particularly when producing a silicoaluminophosphate molecular sieve.



conbi nati on thereof A convenient source of alumnumis pseudo-boelmite,
particul arly when producing a silicoal um nophosphate nol ecul ar sieve. WO
2005/ 016521 PCT/ US2004/ 016362 13 Non-limting exanples of phosphorus
sources, WHOGHMEYS2l so i ncl ude al umi num cont ai ni ng phosPhBEE4/016362
conpositions, include phosphoric acid, organic phosphates such as triethyl
phosphate, and crystalline or anorphous__ al um nophosphates such as Al PO4,
phosphorus salts, or conbinations therebf A 5 convenient source of
phosphorus is phosphoric acid, particularly when producing a
silicoal um nophosphate. Tenpl ating agents are generally conpounds that

contain el ement s Qbn-LXifHP edanpiles dighobsioradictrcbB bvBicR indy! LR de

particularly nitrogen, phosphorus, 10 arsenic and ant i nony. Typi cal
tenpl ati ng ajemirsuratemtaining phiosphand eamposginas dhkipde phosphoni¢ agd,cuganisuch as an

al kyl or aryl group having, fr 1 to 10 carban atons, for exanple from1l to
8 carbon at cﬂ’f‘E’SPW‘é*fsé‘F?éﬂg'{e@Hggh?qpﬁ?@teawﬂ Stglﬁ]l@GBTi”Eﬂrp havs r ogen- cont ai ni ng
conmpounds, t r SN nati ons
t her eof . Susa[%%n%‘s" g@%%?é}t%rﬁ%g%u@% cogg{gtsh 12 ar eﬁggﬂl?g%en ed by the

general for raéhaed?é;mouwh of phephbruRis phoslﬁlﬂﬁﬁcﬁmﬁcn particaldydvies3rbdl ity
substituted hydrocar byl group preferably an al kyl group or an aryl group

havi ng f r omalsiiepalgnwapkrsphateons. Non-1imiting exanpl es of tenplating agents
i ncl ude tetraal kyl anmmoni um 20 conpounds including salts thereof, such as
tetramet hyl amoni um conpounds, tetraet hyI anmoni um conpounds, tet r apr opyl

anoni um conNpoundfemARGng 5@5{53@[)% %%ﬁ{eﬁp‘a exyl am ne,

nor phol i ne, di - npropylamne trlpropylamne triethylam ne (TEA),

tri et hanol armoep 1piofdd Ebrmehc Tab}e; bﬁﬁbmhmwmculaflyahfngmwhosbhmeus
N, N- di met hyl benzyl am ne, 25 di et hyl et hanol am ne, % ycl ohexyl am ne,
N, N- di méPhy2steRicand aﬂwlﬁ@nyc apicﬁletempiehﬂg R P%ﬁ“ﬁ’é‘raé agigone alkyl or

L i el el 0 203 SRy Moy Mol BLA ST A bl 3500 2 e

example from 1 to 8 carbon atoms. Preferred templating agents are often
nitrogen-containing compounds, such as amines, quaternary ammonium
compounds and combinations thereof. Suitable quaternary ammonium

15  compounds are represented by the general formula R4N+, where each R 1s
hydrogen or a hydrocarbyl or substituted hydrocarbyl group, preferably an alkyl

group or an aryl group having from 1 to 10 carbon atoms.

Non-limiting examples of templating agents include tetraalkyl ammonium

20 compounds including salts thereof, such as tetramethyl ammonium compounds,
tetraethyl ammonium compounds, tetrapropyl ammonium compounds, and
tetrabutylammonium compounds, cyclohexylamine, morpholine, di-n-propylamine
(DPA), tripropylamine, triethylamine (TEA), triethanolamine, piperidine,
cyclohexylamine, 2-methylpyridine, N,N-dimethylbenzylamine, N,N-

25  diethylethanolamine, dicyclohexylamine, N, N-dimethylethanolamine, choline,
N,N'-dimethylpiperazine, 1,4-diazabicyclo(2,2,2)octane, N', N',N,N-tetramethyl-
(1,6)hexanediamine, N-methyldiethanolamine, N-methyl-ethanolamine, N-methyl
piperidine, 3-methyl-piperidine, N-methylcyclohexylamine, 3-methylpyridine, 4-
methyl-pyridine, quinuclidine, N,N'-dimethyl-1,4-diazabicyclo(2,2,2) octane ion;



pi peridi ne, 3-nethyl-piperi dine, N nethylcyclohexylam ne, 3-nethylpyridine,
4- et hyl -pyridine, quinuclidine, N N -dinethyl-I,4-diazabicyclo(2,2, 2)
octane ion; WD 2005/016521 PCT/US2 0114 /01 6 3 6 2 14 di-n-butyl anm ne,
neopent yl awiorR805/4ii653- pent yl ani ne, i sopropyl am ne, t- butyl PCESA#I/016362

et hyl enedi am ne, pyrrolidine, and 2-im dazolidone. The pH of the synthesis
m xture containing at a mninuma silicon-, 5 alumnum, and/or phosphorus-
conposition, and a tenplating agent, islfienerally in the range of from2 to
10, such as from4 to 9, for exanple from5 to 8  GCenerally, the synthesis
m xture described above is sealed in a vessel and heated, preferably under
aut 0genous  pies SHfyfamin Rirphdl Gl {ﬁf@n f bout 80C to
about 250C, %ﬁ%%ﬁas frg'nlfegggu 100%6'?8 Ijglt;out 1%g,ggiﬁpr]§%¥laﬂa§1;éﬁgﬁ?gﬁf rom about
125C t 0o abouimR2s&hyknediammef pyrolaiioytnd 26@dagohdmet 180C. I n one

enbodi nent, the synthesis of a nolecular sieve is aided by seeds 15 from
anot her or the sane franework type nol ecul ar sieve, The tine required to

formthe crystalli i e q . e tenperature and
can vary fromi mgﬁ?gﬁ;qqﬂﬂﬁ%ﬁt%%@@%ﬂg? c%@%@% #}%%IPW at%@crg)"

crystal | iszat j1amikdA® ahd/of {)Hd’@pﬂ@@tb‘-tc ditivnt &5d 4 @nidlaHpthentVRedkteraliyych as
from20 about 45 mnutes to about 240 hours, for exanple from about 1 hour
to about 120in thewmge offiierhy ér b, Isucned fromyisio ), forzxainple ey Ste Scarri ed out
with or without agitation or stirring. Once the crystalline nolecul ar sieve
product is forned, usually in a slurry 25 state, it nmay be recovered by any

standard techni qu hddit DELAE HeschiBEd abia Lifggation or
filtration. The rggié@?rl}é’gﬂ(%%& aTSII?%e pr(e)sguct raray q?h%?l%ﬁéeﬁ amc‘/geg egg%‘djsuch as
with water, ksated priedbiyegidesantbgensus pressure, tOn eenpiritat ihahe @hysbal | i zati on

i nvol ves produci ng an aqueous reaction 30 m xture containing an excess
amount dff a fremmbaut &ib’Cg‘g@hput BT ewrch ag froreabeuk 1 00°€; to\aboROBWr 01652 1

PCT/ US2004/ 0&){%?1% ¢ from about 125°C to about 225°C, such as from about 150°C to about

180°C.

In one embodiment, the synthesis of a molecular sieve 1s aided by seeds

15  from another or the same framework type molecular sieve.

The time required to form the crystalline product is usually dependent on
the temperature and can vary from immediately up to several weeks. Typically the
crystallization time is from about 30 minutes to around 2 weeks, such as from

20  about 45 minutes to about 240 hours, for exanmple from about 1 hour to about 120
hours. The hydrothermal crystallization may be carried out with or without

agitation or stirring.

Once the crystalline molecular sieve product is formed, usually in a slurry
25  staie, it may be recovered by any standard techmque well known in the art, for
example, by centrifugation or filtration. The recovered crystalline product may

then be washed, such as with water, and then drnied, such as in air.

One method for crystallization involves producing an aqueous reaction

30 mixture containing an excess amount of a templating agent, subjecting the mixture



15 to crystallization under hydrothermal conditions, establishing an
equi l'ibrium betmeen nol ecul ar sieve formation and di ssol ution, and then,
renovi ng sone the excess tenplating agent and/or organic base to inhibit
di ssol ut %R 28?*’?%%2‘ nol ecul ar sieve. See for exanpl e U. FCPHEEN#INS62
5,296, 208, which is herein 5 fully incorporated by reference. O her nethods
for synthesizing nol ecul ar sieves or |fying nol ecul ar sieves are
described in U S. Patent No. 5,879, 655 controlling the ratio of the
tenpl ati ng agent to phosphorus), U S. Patent No. 6,005,155 (use of a
nodifier 10 without a salt), U S. Patent No. 5,475,182 (acid extraction),
U.S. Pat enttoNgystalfiz&fwd, ubider fjtdrethenmeal conditibng estalsishimpranraguiibount). S.  Pat ent
~Nos. 5,925,586 and 6, 153,552 (phosphorus nodi fied), U S. Patent No.

5,925, 800 (bRSWe tnﬁlecglapﬁm fognation and daggolyfionngnd @BQGEHQ}IQIB(SPWd?fl ne

treated), U,S. Pat 37 I eated or
_nodi fied), % g}.cqga llz}ﬁag %ng%r%/%égﬁé ?polté’;n SOAP&%?‘: ©modi f i er),

US. Pat entubooufir &85 254 {dieakidlk SRk, 5 Wzmahm&%npubl i shed May
25, 2001 (surfactant synthesis), 01/ 25151 publi shed April 12, 2001
(st aged 5a0|ﬁilladmhcn'p0:rai)edbmﬁfemall 60746 publ i shed August 23, 2001 (5| l'i con
oil), US. Patent Application Serial No. 09/929,949 filed August 15, 2001
(cooling nol ecul ar sieve), U S. Patent 20 Application Serial No. 09/615, 526

filed July 13, 2 %@ﬁ@ , Pat ent
Appl i cation No. @g%é Sf#ﬁ%ﬁﬁ%%%} g le&m?gﬂg’ ggb@%?&g‘%m Fc\%éar _

m crofi | t ergievesatt désEribddaindns. PRphtiNaLS,&N9,636 M (cattrdling dRhAftofthe fil ed
January 4, 2001 (freeze drying the nol ecul ar si ev% whi ch are all herein

fuIIK mco‘tﬁmfémé@gwtﬁ@h@ﬁpbﬁﬁ@) BS. Bﬂ@rté\ka&%ﬁpll t(mgofaag@mhﬁez usedhl n the
o bductl ey vilRo aTBUE S S auh &G 5 R e R A R f AR AR “Komn

E ﬁchm ques, 5 g3 7€2<ﬁfHﬂhﬁentWt}P@AIﬁit{t§1tmaﬂll) Gl PhiRai Nod 5 92'3‘58'6%& contacting
e nol ecul dr Sieve containing the tenplating agent with

6,153,552 (phosphorus modified), U.S. Patent No. 5,925,800 (monollth
supported), U.S. Patent No. 5,932,512 (fluorine treated), U.S. Patent No.
6,046,373 (electromagnetic wave treated or modified), U.S. Patent No. 6,051,746

15  (polynuclear aromatic modifier), U.S. Patent No. 6,225,254 (heating template),
PCT WO 01/36329 published May 25, 2001 (surfactant synthesis), PCT WO
01/25151 published Apnl 12, 2001 (staged acid addition), PCT WO 01/60746
published August 23, 2001 (silicon oil), U.S. Patent Application Serial No.
09/929,949 filed August 15, 2001 (cooling molecular sieve), U.S. Patent

20  Application Serial No. 09/615,526 filed July 13, 2000 (metal impregnation
including copper), U.S. Patent Application No. 09/672,469 filed September 28,
2000 (conductive microfilter), and U.S. Patent Application Senal No. 09/754,812
filed January 4, 2001(freeze drying the molecular sieve), which are all herein fully
incorporated by reference.

25

Where a templating agent is used in the synthesis of the molecular sieve,

any templating agent retained in the product may be removed after crystallization
by numerous well-known techniques, for example, by calcination. Calcination
involves contacting the molecular sieve containing the templating agent with a

30  gas, preferably containing oxygen, at any desired concentration at an elevated



30 gas, preferably containing oxygen, at any desired concentration at an

el evated WO 2005/ 1116521 PCT/ US2004/ 016362 16 tenperature sufficient to
either partially or conpletely renove the tenplating ag | um nosilicate
and sili %leﬁ?ﬁ’ﬁSﬁ{osphate nol ecul ar sieves have either g@hgsﬁo H"g? i con
(Si) to alumnum (Al') ratio or a lowsilicon to alumnumratio, however, a
low Si/Al ratio is preferred for SAPO gynthesis. In one enbodi nent, the

nol ecul ar sieve has a Si/Al ratio less than 0.65, such as |ess than 0.40,
for exanple less than 0.32, and particularly less than 0.20. In another
enbodi mrent the nolecular sieve has a Si/Al ratio in the range of from about
0. 65 to aboemperahbe sifficsut to eithef patiabp oucormapld@ht wmave tite @mplytingor exanpl e
fromabout 0.32 to about 0.10, and particularly fromabout 0.32 to about

0. 15. I—Iydro%aﬁmm te Additive Naturally occurring hydrotalcite is a mneral
found in relatively small 15 quantities in a limted nunber of geographical
areas, principally, in Norway and in the Ural Muntains. Natural

hydr ot al ci t e hasARmyiabsinbdie agdsileslimppiephndirigeanar sihies haeadittenaof the
source. Natural hydrotalcite is a hydrated nmagnesi um _al um num and

car bonate- dugh silinom (i tngumiining (A AT O Higsy i;g@oﬂﬁocﬂhnﬂnmmﬂa've t he typical

Geposi 15 ariovsaREAIPTSUAITRES T EETEa R oY A RBFiol iy BURGIER nor ol 5.

such as pegﬁ&ﬁiog&ufd}%&%sﬁysmrt{oqgggga&bests A afldst ikl d.ad gooeparate the

nat ur al rotalcite. Syntheti cal produced hy rotalcite can be nade to

have t he saetmn-@& lessthas Ompmchlsamaﬂammleshﬂﬂn@tm dintaaother emb&iimestthef
flexibility in the synthesis, can be made to have a different

C(r)]rrpO?II ti ormepylapties hg qﬁéﬂaah%a}n@@émaa@. daraze ebout §iG3de abantdhi, suclh a?]
Dot o 3o peeh atfoR bt 01904 Mpl B0 B bBpE o Bt RIS Dol 6362

and particularly from about 0.32 to about 0.15.

Hydrotalcite Additive

Naturally occurring hydrotalcite is a mineral found in relatively small

15 quantities in a limited number of geographical areas, principally, in Norway and in
the Ural Mountains. Natural hydrotalcite has a variable composition depending on
the Jocation of the source. Natural hydrotalcite 1s a hydrated magnesium, |
aluminum and carbonate-containing composition, which has been found to have
the typical composition, represented as Mg6AI2(OH)16C0O3.4H20. Natural

20  hydrotalcite deposits are generally found intermeshed with spinel and other
minerals, such as penninite and muscovite, from which it is difficult to separate

the natural hydrotaicite.

Synthetically produced hydrotalcite can be made to have the same
25  composition as natural hydrotalcite, or, because of flexibility in the synthesis, it
can be made to have a different composition by replacing the carbonate anion with
other anions, such as phosphate ion. In addition, the Mg/Al ratio can be varied to

control the basic properties of the hydrotalcite.



17 A phosphate-nodi fied synthetic hydrotalcite and a process for its
synthesis are disclosed in U S. Patent No. 4,883,533. U S. Patent No.

3,539, 306 discloses a process for preparing hydrotal cite which invol ves

m Xi ng anvedaeiswaeRztont ai ni ng conpound with a magnesi umRIAE R/ HG3IConpound
in an aqueous nediumin the 5 presence of carbonate ion at a pH of at | east
8. U S. Patent No. 4,656, 156 discl oses process for producing synthetic
hydrotal cite by heating a nmagnesium c ound to a tenperature of about 500
to 900C to form acti vated magnesia, adding the activated nmagnesia to an
aqueous sol ution containing alumnate, carbonate and hydroxyl ions, and

then agitating thephepbiitansddiflekiypitieettbydrotflcitesiied plovés fof itvdiaties80 to 100C
for 20 to 120 m'nu?es' to forma | ow densi&j/ hi gh porosity hydrotalcite. A
similar proeesdsilesediis &l 9Ratent Na 4S83P3Be S \atent N 438506 didskosene i r e

di scl osure of each of the above . references.is i.ncorporated herein by
eference. PEOUERIDEPEAPETTE MR TE YIRE TEORER NG 2B iR - G e
‘inorganic a g,}! Iﬂheg rgﬂé‘;gn@' (I aTel gleF-Tel R e Yol ata Loy j TN Pat ent
No. 4,774, 2?g{npt e letﬁtai r dlélscl osure gf {vl\—/r%i ch %?n?dﬁggélggﬁgqlg% lﬁgr%i n by
reference. phaesernydesibonaeson aireplnif anieast BadhBsPaentN i 6iGmsBydrot al cite

cl ays havi n%‘l arge inorganic and/or organic anjons |located interstitially
bet ween posisclpsesa preges§der pragusing synthgiicydsgalpijeibyheaiag a nignesiymposi ti ons

are of Lhe CoRBHL o A WReARRL SN A0y Hon RHARNS ok hBerhela®” 9° O 9N ©

. C
ani on sel ect m roup consistirng of laur sul

p-tol uenesu |aH@i'ﬁ?'ftkib actiohten MiApakal & arPadedhdyhiti)contAnile ARAARsESUl f onat e,

and 1, 5- napht hal'enedi sul fonate or where Y is an anioniC pol yoxonetal ate of
25 vanadi umcatbongs wedhydronyl ighsd end thenlagitating thb veselianismsturgas from 1.5 to

2.5, i 1 2 i h wh Y | .
pol onoIHét aF%rﬁéqrat,q?q”c%aépﬁtZﬁfﬁ {S’S]gioggéfgre%ﬂ E";ﬁ%ﬁg{‘ﬁ“{?s @8%@?%210& ‘Iﬂ%lsﬁ&vi ng a

subst anti al Q| p i calp. i ter of upto
2bout 60m EORRSEBIRloEIERR o ARG LA pegR I

sclosed in U S
Pat ent No. 3,%@45828he ehiireatitdlosare of each of the above references is incorporated

herein by reference.

15 Hydrotalcite compositions containing pillaring organic, inorganic and
mixed organic/inorganic anions are disclosed in U.S. Patent No. 4,774,212, the
entire disclosure of which is incorporated herein by reference. The compositions
are anionic magnesium aluminum hydrotalcite clays having large inorganic and/or
organic anions located interstitially between positively charged layers of metal

20  hydroxides. The compositions are of the formula:

[Mg2, Al2(OH)axs4] Yo .ZH,0
where Y is a large organic anion selected from the group consisting of lauryl
sulfate, p-toluenesulfonate, terephthalate, 2,5-dihydroxy-1,4-benzenedisuifonate,
and 1,5-naphthalenedisulfonate or where Y is an anionic polyoxometatate of

25  vanadium, tungsten or molybdenum. In the above cases, x is from 1.5t0 2.5, n1s

1 or 2 and Z is from O to 3, except that when Y is polyoxometalate, n is 6.

An aggregated synthetic hydrotalcite having a substantially spheroidal
shape and an average spherical diameter of up to about 60um, composed of

30  individual platy particles, is disclosed in U.S. Patent No. 5,364,828, the entire



WD 2005/ 016521 PCT/ US2004/ 016362 18 di scl osure of which is incorporated
herein by reference. This formof hydrotalcite is prepared from aqueous

sol utions_of _sol ubl e nmagnesi um and al um num salts, whic mxed in a

mol ar rat "898 W8Mlabout 2.5:1 to 4:1, together with a E‘é@f’@sz"gﬂﬁ?ﬁ%n
containing at |l east a two-fold excess of carbonate and a sufficient anobunt 5
of a base to naintain a pH of the reactf;ﬁ)n m xture in the range of from
about 8.5 to about 9.5. Synthetic hydrotalcite is cormmercially avail able
and can, for exanple, be obtained from Sasol North Anerica Inc. as Condea
Pural MG70. 10 Prior to use in the catal yst conposition of the invention, it
maybe desi dadel@utootwhich reintdrpotayadrieraih by refetence.e e dotanef Inadretnlcitaher ent | y
contained by the material. Suitable cg‘l(u%i nati on condjtions inc¢lude a

t enper at ur e YoPTEPARSH TEMB agueospariviens sptublypegnesivah andsalprygmm paltst  400C t o

about 600C faqr. ,about.:. | .t u ) t,. 3.to0 about 8
hours. Rar e“&ﬁﬂ we@{ngl%rr{ljpogaﬁg%?o {)ﬁlﬁ%ﬂg@? {IltZQ.hS:?(L){S? hlg%?éfg%%'?‘gﬁ‘gﬁ ]faélcadqi tive,
the nol ecul g]u$ioR \Bntapling Mdbkast & BNEFSIdlck6eks OF cirBBnitd WD kdffickAPadbeg | ncl ude
a rare earth netal conponent. 20 Suitable rare earth netals include yttrium

and el en®nt of abastito maimtairanpHeoidhe wettion niexterenit dwe Mpgadfrommbbutd. htp

| ant hanum ceri praseodym um neodym um samarium europi um gadolinium
t er bi um dys"B?‘HLséir-T%rm hol mum erbium thulium ytterbium lutetium thorium
and m xtures thereof. Typically the rare earth nmetal will be selected from
| ant hanum yttrium ceriumand m xtures thereof, 25 especially |anthanum
The rare earth nmSyathetiolipdroesititeciacoieeptialbemtailabletand chn, for expaipdé, bet

conposition as the elenental rare earth netal or nore Breferably, as an
oxi de of t ebtaadgfrom$gsol North America Inc. as Condea Pural MG70.

10
Prior to use in the catalyst composition of the invention, it may be
desirable to calcine the hydrotalcite to remove the water inherently contained by
the material. Suitable calcination conditions include a temperature of from about
300°C to about 800°C, such as from about 400°C to about 600°C for about 1 to

15  about 16 hours, such as for about 3 to about 8 hours.

Rare Earth Metal Component

In addition to the hydrotalcite additive, the molecular sieve catalyst
composition of the invention can also include a rare earth metal component.

20  Suitable rare earth metals include yttrium and elements of the Lanthanide or
Actinide series metals, including lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolininm, terbium, dysprosium, holmium, erbium,
thulium, ytterbium, lutetium, thorium and mixtures thereof. Typically the rare
earth metal will be selected from lanthanum, yttrium, cerium and mixtures thereof,

25  especially lanthanum.

The rare earth metal component can be present in the final catalyst
composition as the elemental rare earth metal or more preferably, as an oxide of
the metal.

30



WO 2005/ 016521 PCT/ US2004/ 016362 19 Catal yst Conposition The catal yst
conposition of the invention includes any one of the nolecular sieves

previously described, hydrotalcite and optionally a rare
conponent . WRAMIUE6F3  the catal yst conposition contains iﬁgf”hgz"rﬂg’ﬁ}g}ﬁg‘l’zof 5

fromabout 10 wt %to about 90 wt 9% such as from about 40 wt % to about 60
w % of the nolecular sieve and in thgrange of fromabout 10 wt %to
about 90 wt 9% such as fromabout 40 wt %to about 60wt % of the

hydrotal cite based on the total weight of the nolecular sieve, the
hydrotalcite, and any rare earth netal conponent present. 10 Mreover,
where the cafatiabwst Gommppsifion on contains a rare earth metal conponent, said

rare earth netal ent _is t.ypicall resent .ipn the ran of from about
0%t 56 t o about T8 TAgA cotipptih P BERBR Hapdts ot dBiReS 1y '3 Baced
on the total,uehabt siefestheyiBmPEsLAbedS hpHBraldiltenRysiiohalycd fafo eatipd rare earth
15 metal conponent. In addition, the catal ysts conpositi'on can contain a

bi nder and/ anetabdéomponentat Eypiclly; the eathbsceomrsitpny®intats 1o libe mopeof stics of
the catal yst. 20 There are nmany different binders that are useful in formng

cat al yst 5 cdiqmmgpewidhfswt YadR-abpi 30 Wy eeSiemse SOy rbat A8 gt fhalouh PR wWisef ul
al one or in ‘Vcof%;%%léc%ﬁ'arisfb b UHE in'BE LR JPMRT it 1Y U3k Rl pEh Q. silicas,
o9 & 5ol's" Eﬁ% pr)gg’e q a?jum' ha “r

and/ or ot her rgani ¢ oxi rre a containing sol is

al um num  cloy| @ichYe fidim abdie 40 RACY BNALROBOREY:S of thaGlyardtdlkiee BHsb@oRiRdi Ng t he
synt hesi zed 25 nol ecul ar sieves and other materials such as the matrix

t oget her, paptal weight pfthgmaeleculartsegvenibe hydmtaleitn, andjpmnraresaribrmgetak he i nor gani ¢
oxi de sol, preferably having a low viscosity, is converted into an

i nor gani ¢ oﬁogé’OBFWdéPseBbrrponent. For exanple, an alunina sol will convert
to an alyum num oxi de binder follow ng heat treatnent. WO 21105/016521

PCT/ USZC}gM 1116362

Moreover, where the catalyst composition contains a rare earth metal
component, said rare earth metal component is typically present in the range of
from about 0.1 wt % to about 5 wt %, such as from about 1 wt % to about 3 wt %,
based on the total weight of the molecular sieve, the hydrotalcite, and rare earth

15  metal component.

In addition, the catalysts composition can contain a binder and/or matrix

material to enhance the physical characteristics of the catalyst.

20 There are many different binders that are useful in forming catalyst
compositions. Non-limiting examples of binders that are useful alone or in
combination include vanious types of hydrated alumina, silicas, and/or other
inorganic oxide sols. One preferred alumina containing sol is ’aluminum
chlorhydrol. The inorganic oxide sol acts like glue binding the synthesized

25 molecular sieves and other materials such as the matrix together, particularly after
thermal treatment. Upon heating, the inorganic oxide sol, preferably having a low
viscosity, is converted into an inorganic oxide binder component. For example, an

alumina sol will convert to an aluminum oxide binder following heat treatment.



20 Al um num chl or hydrol, a bydroxyl ated al um num based sol containing a
chloride counter ion, has the general fornula of A mOn(OH) od px(H20)
wherein mis | to 20, nis 1to 3 ois 5to 40, pis 2 to 15 and xis 0 to
30. In on®OM5EAFRdnt, the binder is Al 304(OH) 24C 7. 1RGBB2000162
described in GM 5 Wlterman, et al., Stud. Surf. Sci. and Catal ., 76,
pages 105-144 (1993), which is herein jncorporated by reference. |In another
enbodi nent, one or nore binders are ¢ ined with one or nore other
non-limting exanples of alum na materials such as al um num oxyhydr oxi de,
-y-alum na, boehmte, diaspore, and transitional alum nas such as

a-al um na, (3-al yiundnun chlodigidasl, a bydbxytated alenialimbiased sdk cadftaimingd na, and
p-al um na, alum numtrihydroxide, such as gibbsite, bayerite,

nor dst r andi cbloridegemierionghps the gengral Jompds éﬁﬁllnﬁﬁ((aﬂ)ﬁ(ﬁmx@ﬂ@bdi nment, the

bi nder is an_.al um na I I.e L, hant. C | Si | unjnum oxi de,
optionally Wf%ﬁ& lz%n?tao’ i} ?go ..Oﬂsn:’ tééto’ggggé hoew%T Xé%é%?%ﬁk?net he bi nder
i's peptizedeahyfiniéht MBE 8iddér is'A80AOBR4EIBIRROYA RSBt @M.
pseudobohemte, with an acid, preferably an acid that does not contain a

hal ogen,5 t o Wolegpanag, e al.oBtudr Swaf UFxii namd Caval., §6) pages d05-Rdh{1993i),twhich Bxanpl es of
commer ci al | }/‘ avaj |l abl e co) | oi dal al.um na sol s%c{' ncl ude Nal co 8676 avail abl e

from Nal cohemsenmneaiporsied bXeRiaryse: 1B anethers qrhadimaply Ong ABPreAISR#Av ai | abl e
from 20 Nyacol. T [ Gioonid ?Hg] 2 .

Non-limti nag’g‘kﬁ‘%{‘]’@? g@%%ﬁﬁfﬂétﬂé{r}ﬁglgéﬁ EJ((: gs gﬁ%ﬁ%%ﬁtn&%%ﬁﬁgn- active
met al  oxi degudhel diihfitinbexyyitoxide] yahingina Shdehfiftepdias s and MEingitixddlr s
thereof, for exanple silica-magnesia, silica-zirconia, silica-titania,

si | i ca- al unalvaningssushias e-alPBIng Pnaluvaing Hoaluaing, §-awnsebodluming, £- mat ri x

mat er i are naturagl clays such as..thpse.fromthe,.famlies. of
nont rmﬂ&l 0 uPBn?ir?ﬂglf’é%l 2, ?’ﬁ“gg%‘“ﬂﬁ'ﬁ){djﬁmg?’ﬂg}’ ay %IELﬂEeL§WB%nt onites and
those kaol i Bgrdspaytitcddoydlits, aBX dMiRhuces thirgde, McNamee, Georgia and Florida
clays. Non-Iimting exanples of other matrix materials include hal oysite,
kaolinite, dickite, nacrite, or anauxite. The matrix material, WO
2005/ 016521 PCT/ Us2004/ 016362 ) . . .
In another embodiment, the binder is an alumina sol, predominantly
comprising alumimm oxide, optionally including some silicon. In yet another
15  embodiment, the binder 1s peptized alumina made by treating an alumina hydrate,
such as pseudobohemite, with an acid, preferably an acid that does not contain a
halogen, to prepare a sol or aluminum ion solution. Non-limiting examples of
commercially available colloidal alumina sols include Nalco 8676 available from
Nalco Chemical Co., Naperville, Illinois, and Nyacol AL20DW available from

20 Nyacol Nano Technologies, Inc., Ashland, Massachusetts.

Non-limiting examples of matrix materials include one or more non-active
metal oxides including beryllia, quartz, silica or sols, and mixtures thereof, for
example silica-magnesia, silica-zircoma, silica-titania, silica-alumina and silica-

25  alumina-thoria. In an embodiment, matnx materials are natural clays such as
those from the families of montmorillonite and kaolin. These natural clays
include subbentonites and those kaolins known as, for example, Dixie, McNamee,

Georgia and Florida clays. Non-limiting examples of other matrix materials

include haloysite, kaolinite, dickite, nacrite, or anauxite. The matrix material,



21 such as a clay, maybe subjected to well known nodification processes such
as calcination and/or acid treatnment and/or chem cal treatnent. \Were the
catal yst conposition contains a binder and/or matrix material, 5 the

cat al yst WORpHEdIe32dn typically contains from about 1% t PEHBIR0BUGI62such as
from about 5% to about 60% and particularly fromabout 5% to about 50% by
wei ght of the nol ecul ar sieve based on_the total weight of the catalyst
conposition. Wiere the catalyst conpos?kion contains a binder and a matrix
material, the weight ratio of the binder to the matrix material is typically
from1:15 10 to 1:5, such as fi-om1:10 to 1:4, and particularly from1:6
to 1:5. Methewadh ciekinB@bd hieyjéatddonsdll BRvaOSbEIfRMIJNEroeadsad sizh a§0Mposi ti on
used herein can be prepared Using a variety of methods. In general,

however, nekichgtiohendat atijdteatoenesd/or dienuealpreatsesiti nitially 15

synt hesi zi ng the nol ecul ar sieve and then conbining the nolecular sieve with
a hydrotalcite conposition conprising the hydrotalcite and, where desired, a

rare earth met %},&%IWEQ Qﬁglﬁxgt %sﬂoﬂ QO{J@EIS TR Rl éﬂ‘%@?%ﬂ%}i‘?ﬂ( ngepiaf“

hydrotal cite conmpositrlon enrently achieve ng a slurry of

t he nol gculigg cahlg¥omReition aypivaiyoioatatis feors @bRAS% tosbouh 80%, ki, m xi ng
the slurry, for exanple by 20 colloid mlling, to produce a substantially
hormogeneoudram gboutd Y baatidue A0Hx gndpprtiearhyiramabeut Noro BbenttS0Pig byxanpl es of

ne. or.a .co ion te | cohol, ket ones,

suitable Iiquids include i n f

al dehydes, "Yaﬁi&m&flt %P]@??Pl%ﬁ'ﬁ‘@v%ﬁﬁd 05%@% &&Iah?am G Lal%gt er. 25 Were the
hydr ot al ci t.e, POST by g.ﬁ,rga' - Qﬂgpﬁ it is
conveni ent |°§ rgo ugéme I ssgalllgbi%ﬁg %@ﬁ%@?ﬂ%@gﬁﬁun I ﬁﬂ’gc sol vent, such
as water, qeatbidl] thg vidightiresebf tebirslet 1ot the mawis matdnial isytgpicdlh) ot E t her by

i npregnation or slurry m_ xing and then drying the resultant m xture.

Sui t abll@ r 49 &:5, segh 35 fiem dr 1 Gclonksbnd particelatiydroge di640dsS hal i des, oxi des,
oxyhal i des, hydroxi des, WO 2005/1116521 PCT/ US2004/ 016362 22

Method of Making The Catalyst Composition

The catalyst composition used herein can be prepared using a variety of

methods. In general, however, making the catalyst composition comprises initially

15  synthesizing the molecular sieve and then combining the molecular sieve with a
hydrotalcite composition comprising the hydrotalcite and, where desired, a rare
earth metal component. Combining the molecular sieve with a hydrotalcite
composition is conveniently achieved by forming a slurry of the molecular sieve
and the hydrotalcite composition in a liquid, mixing the slurry, for example by

20  colloid milling, to produce a substantially homogeneous mixture and then drying
the mixture. Non-hmiting examples of suitable liquids include one or a
combination of water, alcohol, ketones, aldehydes, and/or esters. The most

preferred liquid is water.

25 Where the hydrotalcite composition contains a rare earth metal component,
it is conveniently produced by dissolving a rare earth compound in a solvent, such
as water, combining the resultant solution with the hydrotalcite either by
impregnation or slurry mixing and then drying the resultant mixture. Suitable rare

earth metal compounds include acetates, halides, oxides, oxyhalides, hydroxides,



sul fides, sulfonates, borides, borates, carbonates, nitrates, carboxyl ates
and m xtures thereof. Were the catal yst conposition contains a matrix

and/ or bi r\g rz()?;{,qlﬁ%qﬁ nol ecul ar sieve is conveniently ini t"ﬁjﬁ)"é?@%[ﬂék ted

into a catalyst precursor with the matrix and/or binder a ite
conposition is then conbined with the fornulated precursor. In one

enbodi nent, the nol ecul ar sieve conpositson and the matrix material,
optionally with a binder, are conmbined With a liquid to forma slurry and
then m xed, such as by colloid mlling, to produce a substantially 10
honogeneous m xture contai ning the nol ecul ar sieve conposition. Non-limting
exanpl es of sufidesbsudfonatgsi kpsides botaies, trborrtes ngmigs;, parbexidates andat er, al cohol ,
ket ones, al dehydes,, and/or esters. The nost preferred liquid is water. The
resul tant cdP t?§§ﬂgﬁﬁgésition can then be formed into useful shaped 15 and
sized particles by well-known techni ques such as spray drying, pelletizing,
extrusion, and the like. Once the nol ecul ar sieve catal yst conposition is
formed in a substWhierethk yatalstycomipoditionctoataiises muwixf andididindegrtden and/ or
activate the fornmed catal yst 20 conposition, a heat treatnment such as

cal ci nat Pon,malecalar sipesiscenvenigadyinitiale forulated e ¢ cpahsipreatsormigh cal

calcination e ratur.es, .are in.the.,r e fromabout 400C t.o abqut 1, 000C,
such as f_ror#‘%gg’ﬁlp_( %%E%lgd%@agﬁy%@?sﬁoﬁﬁoﬁglﬁ%_#i‘enaor? n. % about
700C. Typi c%nﬁaﬂafedriﬁ§¢19§hr.em/bﬁeoaﬁsaﬁi_ﬁleaﬁ theAhblebi §Bve di¥pdslifohudlg a snal |

anount of water vapor), nitrogen, helium flue gas 25 (corbustion product
| ean i n oxyghematrix mateyiat @pbonelyi with & berdenfare cdniboed witharlidusd fogforine

Mol ecul ar Si eve Cat al yst. nposi tions, The, catal yst, conpositions described
above are useymy alilqﬂﬁﬁn Wﬁ%ﬁyﬂ%&s bypﬁf)i‘@&g@égn&ﬁemﬁ%g aspestaBliEr si on of a
f eedst ogk c {1 . al i ' herably
oxygena? és, ‘}{Z)(E)-;?d(%% g?‘?lﬁgﬁﬁgrqgg 'f' ﬂg&glo tgrggrﬁg%&(])afr%%vg gg@g?@gﬁnvﬁbﬁdﬁ@? %16521
PCTI US2004/ Gk@afples of Suitslié lghidgineikle@ne 0 & oRbiGEbALES afAhicyREBNi a i nto

al kyl amnes, in particular o
ketones, aldehydes, and/or esters. The most preferred iquid is water.

The resultant catalyst composition can then be formed into useful shaped
15  and sized particles by well-known techniques such as spray drying, pelletizing,

extrusion, and the like.

Once the molecular sieve catalyst composition is formed in a substantially
dry or dnied state, to further harden and/or activate the formed catalyst
20  composition, a heat treatment such as calcination, at an elevated temperature is
usually performed. Typical calcination temperatures are in the range from about
400°C to about 1,000°C, such as from about 500°C to about 800°C, such as from
about 550°C to about 700°C. Typical calcination environments are air (which
may include a small amount of water vapor), nitrogen, helium, flue gas

25  (combustion product lean in oxygen), or any combination thereof.

Process For Using the Molecular Sieve Catalyst Compositions

The catalyst compositions described above are useful in a variety of
processes including the conversion of a feedstock containing one of more aliphatic

30  compounds, preferably oxygenates, to olefins and the conversion of a feedstock



met hyl am nes. The nost preferred process of the invention is a process
directed to the 5 conversion of an aliphatic feedstock to one or nore

ol efin(s). iLcal .y, the feedstock contains one or nore

al i phati c-%’%@g?ﬁﬁﬁé conmpounds such that the aliphatic n’é?%’??z"é’%"r’n 63?2ns from
| to about 50 carbon atons, such as from1l to 20 carbon atons, for exanple
from1l to 10 carbon atons, and particulafly from1l to 4 carbon atons. 10
Non-limting exanples of aliphatic-contalning conpounds include alcohols
such' as net hanol and et hanol, al kyl nercaptans such as nethyl nercaptan and
ethyl nercaptan, alkyl sulfides such as nethyl sulfide, alkylamnes such as
met hyl am ne, ingludinlg @nersmBoIs @& Feeates RRG BFYIoNg: Iy alky; asipgs, ipaseulamd 15

met hyl et hyl ether, .al kyl halides such as nmethyl chloride and ethyl chloride,
al kyl ket orf8§ E@WD§§ di net hyl ketone, fornmal dehydes, and various acids
such as acetic acid. In a preferred enbodi nent of the process of the
Lnvention, the feedstock 20 contains one or nore oxygenates, nore

speci fically, oneThe mustmreforgdpraessafithoinveison sardracass dgeca¢d fodhst one
oxygen atom In the npst preferr enbodi ment of .t he pracess of invention,

d
t Ih_e ﬁxy_génaltt‘éml"fiir StWﬁ‘@@é@Pét&feF‘gt‘lﬁlféoQPe ORBIoEe alefiptsd| %&13193";5’5 Breer ablhy f
t t .
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preferably fdlifimhﬁc hididty eantai® fidhDIMko abldie 58ke®ba htons ehdkl asdfort eslst ock in
the process of the invention include | ower straight and branched chain
al i phatic alagioitemaner exanple fiosnt to 30 etbew atomsy grd pasticularty: fromi 1 forfly
exanpl es of oxygenates include nmethanol, ethanol, n- 30 propanol,
i sopr opanol ,Cag'écf%"s‘}Pmét hyl ether, dinmethyl ether, diethyl ether, di WO
2005/016}%21 PCT/ US21004/ 016362 24 isopropyl ether, fornmal dehyde, dinethyl
carbonate, dinethyl ketone, acetic acid,

Non-limiting examples of aliphatic-containing compounds include

alcohols such as methanol and ethanol, alkyl mercaptans such as methyl
mercaptan and ethyl mercaptan, alkyl sulfides such as methyl suifide, alkylamines
such as methylamine, alkyl ethers such as dimethy} ether, diethyl ether and

15  methylethy! ether, alkyl halides such as methyl chloride and ethyl chioride, alkyl
ketones such as dimethyl ketone, formaldehydes, and various acids such as acetic

acid.

In a preferred embodiment of the process of the mnvention, the feedstock
20  contains one or more oxygenates, more specifically, one or more organic
compound(s) containing at least one oxygen atom. In the most preferred
embodiment of the process of invention, the oxygenate in the feedstock is one or
more alcohol(s), preferably aliphatic alcohol(s) where the aliphatic motety of the
alcohol(s) has from 1 to 20 carbon atoms, preferably from 1 to 10 carbon atoms,
25  and most preferably from 1 to 4 carbon atoms. The alcohols nseful 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-

30 propanol, 1sopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-



and m xtures thereof. In the nost preferred enbodi nent, the feedstock is
selected fromone or 5 nore of nethanol, ethanol, dinethyl ether, diethyl

ether or a Lifdshpn thereof, nore preferably nmethanol ShEh Pk
et her, and“;r\%gg@' preterably nethanol. The various feedstocks |sc'ussejc$ above,

particularly a feedstock containing an oxygenate, nore particularly a

f eedst ock containing an alcohol, is 10»onverted primarily into one or nore
olefin(s). The olefin(s) produced fromthe feedstock typically have from 2
to 30 carbon atons, preferably 2 to 8 carbon atons, nore preferably 2 to 6
carbon atoms, still nore preferably 2 to 4 carbons _atons, and nost
preferably arereEpyyribae f@W/lQﬂhYQ%(S%@P@WeC.aﬂl@atPhél%ﬁlﬂﬁll\?&nec%ﬁ?ﬁéﬁlﬂi on of the
invention is rticul arl seful in the process that is generally referred
to as the ga@‘f’)‘?{?—‘ %qsﬁﬁ?%?jéTO) process or alternatively, the

met hanol -to-ol efins (MO process. In this process, an oxygenated

f eedst ock, nost preferably a nethanol -containing feedstock, is converted in
the presence of antiesnostprefeired embatisients thedoedstwktis saledtet frommeear 20 nore

ol efm(s), preferably and predom nantly, ethy]ene and/or propylene. . Using
the cat al¥yst mesnpbaiethanel shapeledimaini elhsh dF%Lyltqt??ré’Bﬁ\‘i gt op thegeof,

I G R e B e e e L D

produced is 25 typically greater than 50 wei ght percent, for exanple greater
than 60 wei ght percent, such as greater than 70 wei ght percent. Moreover,
the anount of et hjfheweriousfgedntogks disyissad abpvsdparticdulpdy edeadatocke total wei ght

of hydrocarbon product roduced i s typical reater.than 40 i ght

per cgnt, sucﬁmg@-"‘{jigeaé}‘@‘r)%f”i‘éﬁ meye p\%}%ﬁtrlyﬁeﬂﬂ%dé C,le{ “PBW‘IB&%%F]@OE&egt er than

65 wei ghty peLsRa ] Y ﬁ?ﬁ%léﬂé . | 8% i ght

per cent 0aseE onhfﬁgﬁﬁgtymv%?g% 0 hyd]"?rg@arel‘ilgllg)r?I W?%&Olg%dqu

PCT/ US2004/ Ofzdfidck Bpiqaliptiaed frpmatitecddarbon dtyms,qafeyabiy 2ad Beabban 20 wei ght
percent, such as greater than 30 weight percent. In addition, the anmount of
propyl ene pr ggg@e@ormpr\ﬁéqrgb{y 2 to 6 carbon atoms, still more preferably 2 to 4 carbons

atoms, and most preferably are ethylene and/or propylene.

15 The catalyst composition of the invention is particularly useful in the
process that is generally referred to as the gas-to-olefins (GTO) process or
alternatively, the methanol-to-olefins (MTO) process. In this process, an
oxygenated feedstock, most preferably a methanol-containing feedstock, is
converted in the presence of a molecular sieve catalyst composition into one or

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

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

25  typically greater than 50 weight percent, for example greater than 60 weight
percent, such as greater than 70 weight percent. Moreover, the amount of ethylene
and/or propylene produced based on the total weight of hydrocarbon product
produced is typically greater than 40 weight percent, such as greater than 50
weight percent, for example greater than 65 weight percent. Typically, the amount

30  ethylene produced in weight percent based on the total weight of hydrocarbon



percent based on the total weight of hydrocarbon product produced is
typically greater than 30 wei ght percent, such as greater than 40 wei ght
percent. 5 In addition to the oxygenate conponent, such as net hanol, the

f eedst ock YRYYEGH$RiI ns one or nore diluent(s), which are F§dAETAHHY) 6362
non-reactive to the feedstock or nol ecular sieve catal yst conposition and
are typically used to reduce the concentration of the feedstock.
Non-limting exanples of diluents i ncl ud® 10 hel i um argon, nitrogen, carbon
nonoxi de, carbon di oxi de, water, essentially non- reactive paraffins
(especially al kanes such as net hane, ethane, and propane), essentially

non-react i ve Rb@RpréduedTROHBally aredieitheh D0asei fitgieectnt, shbiea@eiter el erred
diluents are water and nitrogen, with water being particul arTy preferred. 15

The dil uent, Foweightpgtantwit aiditiorajherrmaseaf priophlene prodaced quveighir a vapor
form or a conbination thereof. The dil uent. may he either .added directly to
the feedst od¥rew Bp%e é’néﬁ?@%tW%PQQﬁB%TWWMP?WB&WQ“r'é'a’é’f’ , or added
with the nol i . VASA itd | nt process can
be conduct ed %géeﬂ?latgm\?\ngg\g%%éﬁggcg ’%‘Fecr%prég atafjérrg%n %éﬁﬁta@r?énﬁt he range of

from aboug 200C to about 1000C, for exanple from about 250C to about SQOC,
i ncludi ng from about 250C to about 750 C, conveniently from about 300C to

about 650C, typi calnladditiosdp HsanysestrearapongBo sichemorctharplothe deedstoglk |y from

about 350C to_about .550C. 25 Simlarly, .1 rese rQ ap. _be conduct ed
over a wide ramgEHHes B?ee%rsrﬂ?rgsﬂuﬁ%a‘fﬂﬁw ﬁﬁgﬁ{)%eg%’f@&s OB?rggcgﬁF g‘.’ ypical ly the
partial pressuifidgk dritoledi@adsive chtaB¥EedSiosRioaf andniYe HiplddfiPhsddereduzeenpl oyed
in the process is in the range of fromabout 0.1 kPaa to about 5 MPaa, such
as from aboutthsciRaatrationadfche faedS0ckvPden-linmidng orampicseofidilpeftsomiadout 20 kPaa
to about 500 kPaa. WO 2005/016521 PCT/ uggoo%%l 362 26 The weight hourly
space vellBci AP, HEPETH JAReN MAROKIGEHfar %Fﬁ“ § water, essentially non-

reactive paraffins (especially alkanes such as methane, ethane, and propane),
essentially non-reactive aromatic compounds, and mixtures thereof. The most

preferred diluents are water and nitrogen, with water being particularly preferred.

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

molecular sieve catalyst composition.

20 The present process can be conducted over a wide range of temperatures,
such as in the range of from about 200°C to about 1000°C, for example from
about 250°C to about §00°C, including from about 250°C to about 750 °C,
conveniently from about 300°C to about 650°C, typically from about 350°C to
about 600°C and particularly from about 350°C to about 550°C.

25

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

30 MPaa, and conveniently from about 20 kPaa to about 500 kPaa.



f eedst ock excl udi ng any diluents per hour per weight of nolecular sieve in
the catalyst conposition, typically ranges fromabout 1 hr-1 to about 5000

hr-1, suc ggﬁ,{g/@ﬁ%bout 2 hr-1 to about 3000 hr-1, for %?‘LU}'}?MTOE,“ about

5 hr-1to a 0 hr-1, and conveniently from about to about
1000 hr-1. In one enbodinent, the WHSV is greater than 20 hr-I and, where
feedstock contains nethanol and/or dinbhgthyl ether, is in the range of from
about 20 hr-I to about 300 hr-i. 10 Where the process is conducted in a
fluidized bed, the superficial gas velocity (SGY) of the feedstock
including diluent and reaction products within the reactor system and
particul arly wit hThe weight bpurihespace veleyity (WHV) ¢afmed@s therptad weght of second
(msec), suc reater. than.0.5 msec, such. reater than.l .in/sec, for
exanpl e grea 885%?‘%%‘??‘%“‘{*?%@@&8%3%&% gﬂ‘f“l %Frg\freéé’? 8?“02%??'}{% s grtheang
typically 15 teBpobiidh, hpiPaleFaneSeRomUboBPRRN € shout 566 BT, Hep! i cation
Serial No. %)%}@%8 7&‘? %ﬁi I’etgpNovgnbé’r 8, 2000, which is hereln incorporated

by ref er enceas frdihebpnidzbs $ t@ibduh 8000hire hi fooexangple owesioanst hy-1adontoat ed as a
fi xed bed process, or nore typically as a fluidized bed process (including a

d
t ur bul ent5 betb0dchrph. gad seyvensgiely fram b diwdda eyt 26d - de@npr ocess, and

particul arly cpnt i nuo i Logi i di ess,. . The process
can take pl a?fﬂb?‘ﬁm n{;ﬁﬁu@?{ﬁ?y %r\é gf@’ﬁg %O%gcﬁg’ﬁgﬂgﬁﬁdﬁc’%gﬁ%tﬁ@s reactors
that have a gemagolRed/@ didbkeTetiad i 8aes 120pe 80PR6S BBG T hil B8l afdutibeh zed bed
25 reaction zones coupled together, circulating fluidized bed reactors,
riser reactolrs}. and the |ike. Suitable conventional reactor types are
described in for exanple U S. Patent No. 4,076,796, U S. Patent No.

6, 287,522 (dual riser), and Fluidization Engineering, D. Kunii and O.

Levenspi , Rober{m]% i iz Shi Gonm : York 1977,
whi ch arlzJ all herei nr? Eéllélp g&%%%{gtﬁggggc?%dc}ﬁbay re?gggﬁ%’gﬁ gvs%gf%ﬂ%gy 916521
PCT/ US2004/ OJiséi (SEWV Yldfahpfeelisivclethcludany dituehypdsreactpnrgre@icty withinahe

generally der?agcsticn!3 seygtein?, a?d %g;ticularly within a riser reactor(s), is at least 0.1 meter per
second (m/sec), such as greater than 0.5 m/sec, such as greater than 1 m/sec, for
example greater than 2 m/sec, conveniently greater than 3 m/sec, and typically
15  greaterthan 4 m/sec. See for example U.S. Patent Application Serial No.

09/708,753 filed November §, 2000, which is herein incorporated by reference.

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

high velocity fluidized bed process.

The process can take place in a variety of catalytic reactors such as hybrid

reactors that have a dense bed or fixed bed reaction zones and/or fast fluidized bed
25 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.
30



Reactor, Fluidization and Fluid-Particle Systens, pages 48 to 59, F. A Zenz
and D.F. Ohno, Reinhold Publishing Corporation, New York, 1960, and U. S.
Pat ent 1 2 (fast-fluidized bed reactor), and

Appl i cat i 0%3%’?’2?'%%0. 5 09/ 564,613 filed May 4, 2000 (mﬂ'ﬁ’%ﬁghﬁ‘ﬂ;‘%"ﬁ
reactor), which are all herein fully incorporated by reference. In one
practical enbodinent, the process is cog?ucted as a fluidized bed process
or high velocity fluidized bed process ilizing a reactor system a 10
regeneration systemand a recovery system In such a process the reactor
system woul d conveniently include a fluid bed reactor system having a first
reacti on zone w t Thépi@ral reamoetypesat risaaeions gineraiddascibabndisgact i on
zone within at |east one disengagi ng vessel, typically 15 conprising one or
nore cycl oneBeadtar, BMI@MW, -Ragacle gestems.mages 41 e}, Frbadangrand) and

di sengagi ng are c ined w thin a.single,rea v I Fresh
Feedstock. ~phar ShamRy ReBRPL g Bas oronite Ny YeRared LS Rae w
one or more ! glens 68 (fadtSiied Bed RActONSaR UMD Phtehi Agﬁlida%ﬁts%éﬁ)lo.' nto

whi ch a nol ecul’ar sieve catal yst conposition or coked version thereof is

i ntroduced. 0N5@06 bhéledad# 200, (muitipde riser reitory winch axctiadidetrein felle ri ser
reactor(s), the nolecular sieve catalyst conposition or coked version
thereof is copeReTated Y 1oferaqs qui d, preferably water or nethanol, and/or a
gas, for exanple, an inert gas such as nitrogen. 25 In an enbodi nent, the
anount of fresh feedstock fed as a liquid and/or a vapor to the reactor

systemis in the mod@eradtichl @nbélithene iighirofes RedhdidedaflufdzedWrRi ght
percent, such as fromabout | weight percent to about 75 wei ght percent,

nor e typi cal prpcss ombighoisloosty\fllidined bed prepass ublizinp areS®ragstgt aper cent based

on the total weight of the feedstock including any diluent contained
t her ei n.10TheeRPISHEY) YHEB PIBCFFOS %P 6362 28 1iquid and vapor

f eedst ocks maybe the sane conposition, or may contain varying proportions
of the same or different feedstocks with the same or different diluents.
In such a process the reactor system would conveniently include a fluid

bed reactor system having a first reaction zone within one or more riser reactor(s)
and 5;1 second reaction zone within at least one disengaging vessel, typically

15  comprising one or more cyclones. In one embodiment, the one or more riser
reactor(s) and disengaging vessel are contained within a single reactor vessel.
Fresh feedstock, preferably containing one or more oxygenates, optionally with
one or more diluent(s), is fed to the one or more riser reactor(s) into which a
molecular sieve catalyst composition or coked version thereof is introduced. In

20  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.

25 In an embodiment, the amount of fresh feedstock fed as a liquid and/or a
vapor to the reactor systern is in the range of from 0.1 weight percent to about 85
weight percent, such as from about 1 weight percent to about 75 weight percent,
more typically from about 5 weight percent to about 65 weight percent based on

the total weight of the feedstock including any diluent contained therein. The



The feedstock entering the reactor systemis preferably converted, partially
5 or fully, inthe first reactor zone into a gaseous effluent that enters

t he diseng@gi@n%i vessel along with the coked catal yst conBosition. In the
preferred BU/HeAt  cycl one(s) are provided within t hePETASHYAGIHE vesse
to separate the coked catalyst conposition fromthe gaseous effl uent

contai ning one or nore olefin(s) mﬁthia t he di sengagi ng vessel. Although
cyclones are preferred, gravity effects §0 within the di sengagi ng vessel can
al so be used to separate the catal yst conposition fromthe gaseous
effluent. OQther nethods for separating the catal yst conposition fromthe
gaseous ef f | yQnll ahdchpstefetdseocits maghe phedaat, congpsition) fronay cangintvasing ke. 1 n
one enbodi ment, the disengaging vessel includes a stripping zone, 15

typi cal |y i rprapbaigams opgretsang %%ftfq@tcfﬁ@é%h@wr@ thcesaeg or dlﬁgltenbdlaxemslopi ng
zone the coked catal yst conposition is contacted with a gas, preferably one
or a conbination of steam nethane, carbon di oxi de, carbon nonoxi de,

hydrogen, or an irRgiledg@dsk Shen@heF6ARN syREMTIE pRIBrIDIS 8RBk OparBRIBY €T
adsor bed hydrocarbons fromthe coked catal yst conposition that is then

i ntroducad ta fulle, imabe fiest ataictom zo@Oingy s gasepusié¢f@uckba coteratheslisengagimsi tion i s
w t hdrawn fromthe disengagi ng,vessel and .int ég&l%ced to,the regeneration

system The Yesedeng Wik edrtpipisompesigion, Preiegrd GRBpEMeRL coked
| cm ! . 4 _ . 0 ter abl
catal yst Corrcr#‘?f%te@%éeﬁ{og@%ﬂ RGAL &%ﬂ%ﬁ@@&géﬁﬁ 'S ; %tzg tﬁ'éec%kgﬁn preterably

a gas contai nder conven regener conditions of

t enper at ur e, capd19s Teffodifidn s therpaseduk BffluehbDtbndiningiong o XRIPORENE@) Sui t abl e
regeneration nedia include one or nore of oxygen, 03, S03, N20, . NO2,
N20B, air, awithigithedisengdang vissel.oddihough Qolangs Brprefeord.amavitisfipsts and wat er

U. S. Patent .. 45, 703 b i WO 2005/ 01652 ..
I(DCT / USZS@éel/n O‘I%g’é‘égé é&e%}f@vﬁ%% F%@ﬁ”&ﬂ%ﬁ%@%ﬁg ngqrgtagé]ee?agaiy%ﬁowﬂﬁpw ons are
those capabl ﬁoﬂftpégﬁgewgefﬂ%eﬂﬁ.e Gth@hbtREICRK §&hastrd!tHS &@9&%51@#%&%

preferably to a level less than 0.5 weight percent based on e total
wei ght of t higoraake daseoleefilnent isiladethe asabislates, caps, elbows, and the like.

In one embodiment, the disengaging vessel includes a stripping zone,

15  typically in a lower portion of the disengaging vessel. In the stripping zone the
coked catalyst composition is contacted with a gas, preferably one or a
combination of steam, methane, carbon dioxide, carbon monoxide, hydrogen, or
an inert gas such as argon, preferably steam, to recover adsorbed hydrocarbons
from the coked catalyst composition that 1s then introduced to the regeneration

20  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
25  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, 03, SO3, N20, NO, NO2, N205, air, air diluted with nitrogen or

30 carbon dioxide, oxygen and water (U.S. Patent No. 6,245,703), carbon monoxide



conposition entering the regeneration system For exanple, the regeneration
5 tenperature maybe in the range of from about 200C to about 1500C, such as
from about 3%8 o about 1000C, for exanple from about 450C to about

and conven ¥"P 8 m about 550C to 700C. The regeneratloﬁcﬁpég@HPeﬁﬁ%ay be
in the range of fromabout 15 psia (103 |IcPaa) to about 500 psia (3448
kPaa), such as from about 20 psia (138 g aa) to about 250 psia (1724 kPaa),
10 including from about 25 psia (172kPaa) to about 150 psia (1034 kPaa), and
conveniently fromabout 30 psia (207 kPaa) to about 60 psia (414 kPaa). The
residence tinme of the catal yst conposition in the regenerator may be in the

range of frofmdadrdiydropes. Suhabilerdgenaenar endimums sre thosdcapablerodbuniiggit one 15
mnute to 100 m nutes, and the vol une of oxygen in the regeneration gas

maybe in t r@mmtrercokp@mtalywnwoeiwmr b@%@rﬂ leyel lggsghen €5npl e percent

based he t b f
Fegener at | oneieBhPSrest bR Pt i Pl M e Vi PG G e GRbl vene . < e
tenperature wnt sﬁlﬁl%téxﬁ%QH‘?fe%%hé?ﬁ'tuﬁVsﬁfs@m | For €@ ahpR! ﬂﬁcfe%ééﬁera‘ﬁ%ﬁi ous

techniques in the art 1 ncluding feeding a cooled gas to t regener at or
vessel , Gpertatr@draanthmybennahdmangmof ftomtabowt QP°C do alsmrtil SGQRA, isncloass node, or

a conbl nation thereof. e erre technl e i nvol ve t hdrawi ng t he
r egener at ed %I&taQP‘}'sioocgﬁi’)é U 18910%} &on PRE é‘gﬁlﬂi ‘gsrq)\étﬁgla@ﬁ’ﬁtand passi ng

it through a, ﬁe Ca@ 5?1%9@% a%oﬁpﬁae tseebfcd T@@&%@ﬁ&&f a@@ééﬁ% st

conposi tion. I'n an enbod exchanger

that is |0C&h@jdb@hiﬂﬂefaﬁglatcﬂlﬁ®ﬁi amfutlepmer(m kRafa) tsbouegempsia(3q8 system
O her nmethods for operating a regeneration stemare disclosed in U S.

Patent No. 6kPaep soaleay fzemtabout zﬂr@lmﬁu3§ﬂ<ﬁa@)toa tc¥Oipsia d2ekPagul | y

d f PCT/ US 62, 30 Th
ngce):]g?;} Eag ‘Bgﬁégr B enﬁ%%s?f?%ﬁ(@?‘ﬁﬁgi Agpﬁé%?@%(ag&ea@gtapgn sys'?em
preferably fa&%ﬁeﬁat RbSAbosON Sia (409 majtxbraesutvwﬁh@@mmaﬁvl ecul ar sieve

The residence time of the catalyst composition in the regenerator may be in
the range of from about one minute to several hours, such as from about one
15  minute to 100 minutes, and the volume of oxygen in the regeneration gas may be
in the range of from about 0.01 mole percent to about 5 mole percent based on the

total volume of the gas.

The burning of coke in the regeneration step is an exothermic reaction, and

20  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 systern and passing it through a

25  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 disclosed in U.S. Patent No. 6,290,916 (controlling moisture), which is
herein fully incorporated by reference.
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catal yst conposition and/or re-circul ated nol ecul ar sieve catal yst
conposition and/or feedstock and/or fresh gas or liquids, and returned to

the riser_reactor(s). In 5 one enbodi nent, the regenerat ? é@

conposi tiyP W‘i‘fﬁm(’Zim fromthe regeneration systemis rZ’ Jﬁ?? 40333[6?16 riser
reactor(s) directly, preferably after passing through a catalyst cooler. A
carrier, such as an inert gas, feedstocl)govapor, steamor the |like, nmay be
used, sem -continuously or continuously; to facilitate the introduction of
the regenerated catal yst conposition to the reactor system 10 preferably to
the one or nore riser reactor(s?. By controlling the flow of the regenerated
cat al yst conposi tTlmregenargiotl edlalysteporpositios dvitwradty fondbepegeneraeen f r om t he
regeneration systemto, t react m_| evel of coke on the .

r system the opti
mol ecul ar  siS¥%EMe RTEAPTRRYY &é‘a&sbﬁ’f"’{@f ’ér?PB‘?’P?‘?& a2 Ssshmgrechler Haye ai ned.

There are i nt: i : .
composi 1 on AELEE EGRRBHESR pllofRAucalatddilolcliter SRl HRbAUSH |
G rcul at i ng ahbiir déstisthcBadd/or Gesicgas ofVigdile, mddelsnmad tb Ak rid $eactor@).alki e, 1997

(336-337), which is herein incorporated by reference. 20 Coke | evels on the

cat al yst 5 compesintiodimentethgeeganermirdmatalyst permpasitien whbdrawatfedny gte conposi ti on
fromthe conversi on praocess _and termning it ar hon ontent. Typical
evel s of cORETBIIRavHEPaS Ertamed Fu 08 Mol Ry ot RbEE s Gl ERtes
regeneratio | LANESE f p QR0 L ght, 15

wei ght per e?\t ,@E@%@? f@gm ggfc?trjtko. 1 vrv’e%léﬂrﬁ:t% ;g)lgr}:en ag’teﬂgég%%tlﬁg%}’v\ei ght
percent, forteadn exthobke, rhaybe asedusenti-cdnvirngisty geoagnitously, abfatilitde vl ght

percent, and conveniently from about 0.3 weight percent to about 2 wei ght
percent basérfresiicting of fhe fgaencrrteq satalyy caBRPEROR felg reackd sysieBous ef fl uent i s

Wi t hdr am%&g&gﬁ%gﬂ%@g&g‘?&Ig‘gresgssé;%%@p(rgbi s 30 passed through a recovery

system nown recove systens, WO 2005/016521

PCT/ US2004/ 016362 31 techni ques and sequences that are useful in separating
olefin(s) and purifying olefin(s) fromthe gaseous effluent. Recovery
systens gener al | yByemprolléwg hadlowr of the regenerated catalyst composition or cooled

regenerated catalyst composition from the regeneration system to the reactor
system, the optimum level of coke on the molecular sieve catalyst composition

15  entering the reactor is maintained. There are many techniques for controliing the
flow of a catalyst composition described in Michael Louge, Experimental
Techniques, Circulating Fluidized Beds, Grace, Avidan and Knowlton, eds.,
Blackie, 1997 (336-337), which is herein incorporated by reference.

20 Coke levels on the catalyst composition are measured by withdrawing the
catalyst composition from the conversion process and determining its carbon
content. Typical levels of coke on the molecular sieve catalyst composition, afier
regeneration, are i 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

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

weight of the molecular sieve.

The gaseous effluent is withdrawn from the disengaging system and is

30 passed through a recovery system. There are many well known recovery systems,



nore or a conbination of various separation, fractionation and/or
distillation towers, colums, splitters, or trains, reaction systens such
as et hyl benzene 5 manufacture (U. S. Patent No. 5,476,978) and ot her

derivati v&QrYLEE, such as  al dehydes, ketones and est FCHEFYMNO32e (U. S.
Patent No. 5,675,041), and other associated equi pnent, for exanple various
condensers, heat exchangers, refrigeratjon systens or chill trains,
conpressors, knock-out drums or pots, é nps, and the like. 10 Non-limting
exanpl es of these towers, colums, splitters or trains used alone or in
conbi nation include one or nore of a denethanizer, preferably a high

t enper at ur e deirBiREndeequencelethet dransefelin sepaaiteanefin(pind purifpigp t ower of ten
referred to as a caustic wash tower and/or quench tower, absorbers,

‘adsor bers, 1dcfim{(shframetbe gasdops effenicReceytry sysems genspallyeseanprs8pnepf i tt er,
butene (C4) splitter, ..and t |ike. Var.io r.ecover stens useful for
recovering @B@&ﬁ%ﬁlyaﬁ%ﬁﬁpg}lﬁ SepATAl PRy ILH5ON3H O %@é?tﬁﬁg?nsuch as

et hyl ene, pr e ! Q¥i34R) - ar i i atent No.

5, 960, 643 (stgg’ﬁ}nsdg‘??ﬁ?l?’cﬂﬂlg?%?ﬂﬁ%’“@t@%ﬁﬁ? ?ﬁ%‘??ﬁé."suﬁﬁ?éﬁ?%es. ¥ 019, 143,
5,452, 58F angamiB@areABILS (PaediNm & 457608 pandoathgr, dedvaivdiabedses such 4z, 197
(pressure dependent adsorbents), U S. Patent No. 6,069, 288 (hydrogen

renoval ), U.aidehydes ketones amsl s emuiaciue e BatchelNaahoT 504 hgidt etfen and

o' pan ur o ekt BB AR E I i HELE el Bl RIS 07 I
pr oduct quengfaerdtios syReh@k chilOiraifls, $dhpRA%ré NnBBk-BU drinhs@r pbisns Wi t hout

superfractionation), and U.S. Patent . 6,293,998 (pressuire sw ng
adsor pti on) ,pusigisc Anchthe 1del herein fully incorporated by reference. WD
2005/ 016521 PCT/ U52004/ 016362 32 Using the catal yst conposition of the
inventi df for the conversion of a feedstock containing one or nore

oxygenates into %Sﬂ-ﬁlﬂﬁﬁhg eﬁmfal%s BPMQ& tBQ@lts, M]ﬁmhé,%ﬁlitters or irains used

alone or in combination include one or more of a demethamzer, preferably a high

temperature demethanizer, a de-ethanizer, a depropanizer, a wash tower often
referred to as a caustic wash tower and/or quench tower, absorbers, adsorbers,

15 membranes, ethylene (C2) splitter, propylene (C3) sphitter, butene (C4) splitter,
and the hike.

Various recovery systems useful for recovering predominantly olefin(s),
preferably light olefin(s) such as ethylene, propylene and/or butene, are described
20  in U.S. Patent No. 5,960,643 (secondary rich ethylene stream), U.S. Patent Nos.
5,019,143, 5,452,581 and 5,082,481 (membrane separations), U.S. Patent
5,672,197 (pressure dependent adsorbents), U.S. Patent No. 6,069,288 (hydrogen
removal), U.S. Patent No. 5,904,880 (recovered methanol to hydrogen and carbon
dioxide in one step), U.S. Patent No. 5,927,063 (recovered methanol to gas turbine
25  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.



of the catalyst is inproved as conpared with a simlar catalyst w thout the
hydrotalcite additive. Typically, the inprovement is such that the |ife of

the 5 cat hikhe invention is at |east 50% such as % for
exanpl e af\blbzﬁa]g? 200% greater than that of the catal ysta\%"viT%lﬁgﬁm%ggz/

hydrotal cite additive. The catal yst conposition described herein can al so be
used in the nmanufacture of al kylam nes,;husing a feedstock including anmoni a
in addition to 10 oxygenates. Exanples "0f suitable processes are described
in EP 0 993 867 Al, and in U S. Patent No. 6,153,798. The invention w ||
now be nore particularly described with reference to the Exanples, in which
all parts are by Wsingthe caislySkeompasition ey heeiteonofor feMoRvasion®d a5 parts of

dem neral i zed water were.added 228. 4 garts of a?ﬁ%gsof)' soil uti Qn qf PX. 103
parts of wat SiCISEFE CORIEFINEPNE G JROTE REYFEHAIES 1R P1effls) it i O“Hﬁlalﬁgt?l &l ution
wer e added 1 f: gg%)g - : 20 used to
rinse the coﬁ]tc ‘zﬁe%gﬁl‘%‘rﬁe‘ﬁfp 16. ﬁ?é%?g{%gf‘%g%%%%ﬁs% F%Eallngl?c’%%%

(tetraet hyl app@mbialdtidndditigi dgr)aicmﬂf/,ahadﬁpx@vaﬂanaés&hpaﬁtttﬁe ofe ¢fitnse water were
used to rinse the container. Finally 133.2 parts of Condea Pural SB were

added arfd niatelystiuefithe inyenfanrogah tagsiss b sugh as sidsash bedond exathpleableastr t he
cont ai ner rinsed wit . ar f .water. .25 The, resultant honbgeneous
m xture vvaswgﬁ(gf@t %qeﬁeﬁﬁﬂaanﬁég%gﬁ ﬁﬁﬁai%s?&ﬂ%&ie@e&Yéw"’?ﬂtesﬁ‘%%ﬁ}‘ieng rate gf 50

rpm The autoclave was heated in 12.5 hours to 175C and was kept at that
tenperature for 50 hours to effect the crystallization. The resultant EMW 2
crystal s were recheradlystyconasisitivg deactitsbdyhiersgn cAf dles belusddng thehe 30 nateri al
overni ght at 120C, 21.3wt % (based on the initial_intake) of solids were WO
2005/ 016521 Pewriasheoel dindammesausinge fipdsteek InPhuingynmoniaan addidenie was t hen

cal cined, first in. L EQIEN b &3AG Foeesses are described in EP 0993 867 AL,
and in U.S. Patent No. 6,153,798,

The invention will now be more particularly described with reference to
the Examples, in which all parts are by weight.
15
Example 1: Synthesis of EMIM-2
To 165.5 parts of demineralized water were added 228.4 parts of an 85%
solution of H3PO4. 103 parts of water were used to rinse the container. To this
diluted solution were added 14.9 parts of Ludox AS40 and 2.1 parts of water were
20  used to rinse the container. Then 416.7 parts of a 35% solution of TEAQH
(tetraethylammonium hydroxide) were added and 24.8 parts of rinse water were
used to rinse the container. Finally 133.2 parts of Condea Pural SB were added
and mixed until a homogeneous mixture was obtamed, whereafter the container
was rinsed with 4.1 parts of water. -
-25
The resultant homogeneous mixture was crystallized in a stirred autoclave
with stirring rate of 50 rpm. The autoclave was heated in 12.5 hours to 175°C and
was kept at that temperature for 50 hours to effect the crystallization. The
resultant EMM-2 crystals were recovered by washing and drying. After drying the
30  material overnight at 120°C, 21.3wt% (based on the initial intake) of solids were



5 hours, followed by air calcination for 3 hours at 650C Exanple 2: EMM 2
with La/13ydrotalcite 5 0.23 gram of | anthanum acetate was dissolved in 1.9
nil of de-{QMweHissepter and the resulting solution was aggeisdhRmy¥ese to
2.015 gramof hydrotalcite as supplied by Sasol North America Inc. as
Condea Pura] MG/0 (specific surface area of 180 nR/gram. The treated
hydrotalcite was dried at 50C for 1 hougyunder vacuum and then calcined in
air at 550C for 3 hours. 10 0.2 gram of t%e La-i npregnated hydrotal cite was
m xed with 0.36 gramof the calcined EMM2 from Exanple | and the resultant
catal yst was evaluated in the conversion of nethangl to olefins in a fixed

bed reactor egedyspet Thatesdinbmatariahwag isn eplced fisy inpiragen apb G dor

anal ysi s. The est ndi t{ons re 25 15 b9 (273 kPaa) and 25 WHSV.
The results ?‘ﬂ@ 8}”6@7"%358%&*”%1%3" hof":%f‘tegﬁév\hi ch al so shows the
results obtained with a conparative test using 0.36 gramof EMM 2 al one
under the sanme conditions. Table 1 20 Catalyst EMM2 EMHA2 + La/H
drotalcite @®sanple%: oEWeﬁwdh)LﬂHyﬁrmlcSteQ (W % of product) 41.0 43.7

C2= + C3= (Wt % of product) 76.3 76.0 Catalyst Life 20.7 72.3 1t is clear
from Tabl é | that tf) h%gmpﬂaawaevmtaﬁ@a@av 81vef dn d & mibofdeaionizesy 2

[ noreased t et e LUGNGRBEh S0aLEBopAEEERSEHLL bRty ene

selectivity ar 'y ense ene s Iec VI otal ethylene

pl us 25 propyyarfaleRt e supplicy bvdasd mmmmbd ic Lmad:&ﬁiéh ®dral @7Eat al yst
life is defined as the total anount of nethanol converted in grans per gram

of EMM 2. WD (gpeficastre araDf USY 004geng3dhe treated hydrotalcite was dried at 50°C

for 1 hour under vacuum and then calcined in air at 550°C for 3 hours.

10

0.2 gram of the La-impregnated hydrotalcite was mixed with 0,36 gram of

the calcined EMM-2 from Example | and the resultant catalyst was evaluated in
the conversion of methanol to olefins in a fixed bed reactor equipped with an on-
line gas chromatograph for product analysis. The test conditions were 450°C, 25

15 psig (273 kPaa) and 25 WHSV. The results of the test are summarized in Table 1
which also shows the results obtained with a comparative test using 0.36 gram of

EMM-2 alone under the same condittons.

Table 1
20
[ Catalyst EMM-2 EMM-2 +
La/Hydrotalcite
Co= (wt% of product) 353 323
Cs= (wt% of product) 41.0 437
Co=+ C3= (wt% of product) 76.3 76.0
Catalyst Life 20.7 72.3

It is clear from Table 1 that the addition of the La/hydrotalcite to the
EMM-2 increased the life of the catalyst and also increased its propylene
selectivity at the expense of its ethylene selectivity. The total ethylene plus
25  propylene selectivity was substantially unaffected. The catalyst life is defined as

the total amount of methanol converted 1n grams per gram of EMM-2,



34 Exanple 3: Synthesis of Ge APO-34/18 Intergrowth 21.8 grans of H3P04
(85% were diluted with 22.1 grans of de-ionized water and to this solution
were added 3.6 _granms of Ge-ethoxide. After mxing this é&l g%%g’n/ 0.1 grans
of TEAOH VoMY HEPE added dropwise to the solution, 5 whEFTAPERMIEE grans
of Condea Pural SB were added and m xed until a honbgeneous m xture was
obtained. 85.8 grans of this m xture transferred to a 150n] stainless
steel autoclave and nounted on an axis“inside a oven. The autoclave was
rotated at 60 rpmwhile the oven was heated in 8 hours fromroom
tenperature to 175C and then kept at this tenperature for 48 hours. After 10
cryst al | i zaExmmple JreSynthesis aht-eQPO341S igergrowtlyr owt h product was washed

and dried. 18.9 % of sal j Lel.d was recovere fter drying.overnight at
120C. The AEl/ c&%a‘?sa?ﬁpljééﬁ‘?x ﬂw}%ﬁ\é\%ﬁ' A g?‘ W%O%'@?‘izéﬁ was 90: 10.

The fi nal i ik Sitq ) i 365 rs,

for 1 owed by Vet Hid 1088 SitichARe Lade s b frad draienRial "Rbtct floie BV 30 ) 1
Wi th La/ Hy dgodiitednG 408 farid ofTBAOH (35396) Wereudidahdropivite toviie sdhaa| ved in 4. 72

m of de-ionized water and the resulting solution was added drop-w se to
5. 00 -gr &m owherpafiest1di&grams o EondeppPrrabiSB wesnadsded gpd rixeshittiléa | nc. as Condea

Pural MG70 i fi face 2 fo 180 ne/gram. The treat
nycr ot a o (1O aBV e S5e PR Bk 2o dF 07 BRoms ik -IRBR AP ci ned i n

air at 550G, {imBstdlAkESsied] -aﬁto‘&ga%g‘éuﬁﬁ rﬁ&iﬁtéd?)'ni Mx%paheq ovydrepal cite

produced above was m xed with gram of the calcined GeAPO 34/ 18 of

Exanpl e 3 antodlive wassolataihdt éﬁapﬁll while theover wab hedtetin Hhdare froammoensi on  of
met hanol to olefins in bed reactor equi pggd 25 with an on-1line gas

chr omat ogr atEWPF’@F‘“ﬁFQ)HIﬁ%pf E:é’r)é‘;iﬁ%k@t aTHes EEPEraBBR AT 4SS erBer 450C, 25 psig
wni ch aPeo SREERE e b ESPAPD B B iRn BhELSU TR i, 170 5) %
cat al yst codyiddstigrowealogklidficld Wi @tensedificcafRhy 3dmight andofd) a catal yst
The AEI/CHA of ratio of the recovered intergrowth material was 90:10. The final
product was calcined first in nitrogen at 650°C for 5 hours, followed by air
calcination for 3 hours at 650°C.
15
Example 4: Ge-AP034/18 with La/Hydrotaleite
0.61 gram of lanthanum chloride was dissolved 1n 4.72 m) of de-ionized
water and the resulting solution was added drop-wise to 5.00 gram of hydrotalcite
as supplied by Sasol North America Inc. as Condea Pural MG70 (specific surface
20  area of 180 m2/gram). The treated hydrotalcite was dried at 50°C for 1 hour under
vacuum and then calcined in air at 550°C for 3 hours.
0.2 gram of the La-impregnated hydrotalcite produced above was mixed with 0.36
gram of the calcined GeAPO-34/18 of Example 3 and the resultant catalyst was
evaluated in the conversion of methanol to olefins in a fixed bed reactor equipped
25  with an on-line gas chromatograph for product analysis. The test conditions were
450°C, 25 psig (273 kPaa) and 25 WHSYV. The resuits of the test are summarized
m Table 2 which also shows the results obtained under the same conditions with
(2) a catalyst consisting solely of 0.36 gram of GeAPO-34/18 and (b) a catalyst
comprising 0.36 gram of GeAPO-34/18 and 0.2 gram of calcined hydrotalcite (no

30  Laimpregnation).



conprising 0.36 gram of GeAPO 34/18 and 0.2 gram of cal cined hydrotalcite
(no 30 La inpregnation). WO 2005/016521 PCT/ US2004/ 016362 35 Table 2

Cat al yst A APO- 34/ 18 GeAPO 34/18 + 34/18 + Hydr

drot al ci t@ @" W % of product) 31.5 29.4 27.9 C3= (wt?9 olﬁ%%“g ?43 6
44.3 46.3 C2= + C3= (WM % of product) 75.0 73.7 74.2 Catalyst L|fe 38.9
82.0 107.9 It is clear fromTable 2 thed the addition of the hydrotalcite to
the GeAPO- 5 34/18 increased the life of the catal yst by over 100% whereas
the addition of La/hydrotalcite increased the Iife of the catal yst by over

170% While the present invention has been described and illustrated by
reference to particular enbodi nents/ Tabledse of ordi nary skill in the art
. W ll appreciate that the_ 10 invention lends itself to variations not

necessarily illustr@selsherei n. FoiGerdwpl eGelAPO-34/40MtGemPAL@A S -hat the
catal yst cqnpositions described heregyngare mq@}@btaldﬁe oLngﬁr VARRAGRS €S, such

.as catal ytifcscT Thi' s reas N refere shogfrd De, de3olely to
t he append E: I(&&f):'bd}‘lgy{)?a_&i)l poses of ) 5c| 1 ||| n%ef}‘nc trte—se 715?—Tauu t he

present i ny s claim S+ st—conposition
conpr i si ng | &zt BrwlvaPe of prpduaty| bet e?ﬁ@ro S| I7307)al i nophishhat es,
al um nophos utdles Lifeet al - cont ai nj ng 389 ns_1 her &80 and |ni xt 4628, i ncl udi ng
intergrowm hs, thereof, hydrotalcite, and a rare earth netal conponent. 2.
The catal yst Conmselﬁar%ﬂfraala@'tmhe AREEGH OF O ByARIAGH RnSLRY .S Sel ect ed
from silicoal um nophosphates, netal-containing fornms thereof and m xtures,

i ncludi 8g 34t mgreayddnhe lifhef thetatalyst by over 100%, whereas the addition of

La/hydrotalcite increased the life of the catalyst by over 170%.

While the present invention has been described and illustrated by reference
to particular embodiments, those of ordinary skill in the art will appreciate that the
10  invention lends itself to variations not necessarily illustrated herein. For example,
it is contemplated that the catalyst compositions described herein are useful in
other processes, such as catalytic cracking. For this reason, reference should be
made solely to the appended claims for purposes of determining the true scope of

the present invention.



3. The catal yst conposition of claim1, wherein the nolecular sieve is
selected from 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, AIPO5, AIPOI 1, AIPO 18, AIPO 31, Al PO 34,

Al PO 36, AIPO 37, AIPO 46, MM 2, netal -containing fornms thereof, and

m xtures, including intergrow hs, theretf. 4. The catal yst conposition of
claiml, wherein the nolecular sieve is selected from SAPO 18, SAPO 34,
SAPO- 35, {ARO.A4. SAPO- 47, ALPO 34, net al -containing fornms thereof, and

m xtures, i el Gdi ng Irntergrom hs, thereof. 5. The catal yst conposition of
claim1, wherein the nol ecular sieve is SAPO 34, SAPO 18, an intergrowth of
SAPO- 34 and SAPO- | 8, GeAPO 34, GeAPO-18 or an . intergrowth of GeAPO 34 and
GeAPO- 181 6. #ifatabyst Sampositiop spBBTitinof nefeckliansigyerselagid ik the rare earth

metal is Liﬁ%amuthozpr%aTég?alg@ﬁrtﬁ%M&fghﬁml.tcmammrgof{ahﬁé Medeot YMAERRESe NE

conposition conprises from Ow %of the ecul ar steve, from1l0 to
90 wt % ofnctuderghyterantathe.thegolahgdirbtalene,Gind atrore Santht metd ofmpdrentc are eart h net al
conponent, wherein the weight percents are based on the total weight of the
nol ecul ar sieve, the hydrotalcite, and the rare earth netal conponent. 37

8. A catabyst TRResId cOHMp&ATN dfeldnd 1, (BireRNth@mdEcNAPHORDE adlect& from
si | i coal um nophosphat e m)fecul ar sieve selected fram SAPO 5, SAPO 8, SAPO 1

1, SAPO- 18licghpangmhossimtes. mgtal-gnpining forgapierglf angapuregginclgding. 35,  SAPO- 36,
SAPCO- 37, iﬁg@oa%s i@g 41, SAPO 42, SAPO 44, SAPO 47, SAPO 56, AlIPO 5,

Al PO 11, Al '8, Al 31, AIPO 34, AIPO 36, AIPO 37, AIPO 46, MM 2,

nmet al -contai ning forns thereof, and m xtures, including intergrowhs,

t hereof ; and _Hg% hydrotal cite. 9, The ﬁatal st conposi ti.on of dC aim 8,
wher ei ' tfre mof BOHAYS SYBREIHA &laget et frﬁwn@{e BRIsE 1851 §APEsIsded PO 35,
SAPG- 44, SAPE-4 A PH-EQR 40 1TES &P G@NS APOL NISAPODR, Shiberapfispangl apalr es,

including intergrowhs, thereof. 10. The catal yst conposition of claimS8,
wher ei n t bb SAdi(eahil EP@B6vBARQ-33AR @410, SSRPA118APERA, ANt WAP (b7, SAPO- 34

and SAPO- {8, EARBEA: ABORY AfPo-28. APo-31, AIPO-34, AIPO-36, AIPO-37. AIPO-46,

MCM-2, metal-containing forms thereof, and mixtures, including intergrowths, thereof,

4. The catalyst composition of claim 1, wherein the molecular sieve is selected from
SAPO-18, SAPO-34, SAPO-35, SAPO-44, SAPO-47, ALLPO-34, metal-containing forms

thereof, and mixtures, including intergrowths, thereof.

5. The catalyst composition of claim 1, wherein the molecular sieve is SAPO-34,
SAPO-18, an intergrowth of SAPO-34 and SAPO-18, GeAPO-34, GeAPO-18 or an
intergrowth of GeAPO-34 and GeAPO-18.

6. The catalyst composition of claim 1, wherein the rare earth metal is lanthanum.

7. The catalyst composition of claim I, wherein the composition comprises from 10 to
90 wt % of the molecular sieve, from 10 to 90 wt % of the hydrotalcite, and from 0.1 to 5 wt
% of the rare earth metal component, wherein the weight percents are based on the total

weight of the molecular sieve, the hydrotalcite, and the rare earth metal component.



intergromh of GeAPO 34 and GeAPO-1 S. 11. The catal yst conposition of claim
8, conprising the nol ecular sieve in an anobunt of from10 to 90 wt % and
the hydrotalcite in an amount of from 10 to 90 wt % wherein the weight
percents are based on the total weight of the nolecular sieve and the
hydrotal cite. 12. The catal yst conpositjon of claim8, further conprising a
rare earth netal conponent. 13. The ¢ Tal yst conposition of claim 12,
conprising the nolecular sieve in an anount of from10 to 90 wt % the
hydr ot al cipte i i f 10 to 90 wt % and the rare earth netal
conponent h.i n a%cgtgl un %5?‘%&5@%&?% 5w % wherein the weight percents
are based on then dlomadophediphlae ookilitduminbgisplate sivkvear dibve salediedtrahci t e and

wher e -t RAPPa} SRSk S SABSrRONE: BARBHInArO3k. SREER. 5rdeel s
produci ng34 gRHRGSI G PEREVEARALE! JRPOLONPRBOIF108APOLE BAPERSS SAPYIIPT,I Si Ng:
(a) providing a nolecul ar sieve selected fromsilicoal um nophosphat es,

al um nophbd4phatted|POret AIRQ-dht AIPH- Ky AlBPE . ARKP-Sdf ARRM3MiAPUrEs AIRGdPudi ng
intergro a1~ Lhereof. (b). providi hydrotal ci.te. i tihon gonprising
nyar ot al oMo ERbain o R ML S ER R IR Ry "B

mol ecul ar si ev@) pdtotahitehydrotal cite conposition to produce a nolecul ar
sieve catal yst conposition. 16. The process of claim 15, wherein the

nol ecul ar sieve is selected from silicoal um nophosphates, netal-containing

forms thepeof ﬂf@cafgl%rt H&rﬁﬁesit-ﬁ({?\ﬁdgléglii g, wkg%:ﬁlrlgé PR Slar §i9@’i§9{!ectéd7fror;[he

process of claim15,” wherein nol ecu sieve is selected from SAPG 5,

SAPO 8, SARPOIIR, SSEPG 6 A PEAPDSAPO-SARBPIB47. SN 38, nSAPOBininSARDs 34,
SAPO- 35, @APO 36, SAPO 37,. SAPO 40 5@{{%41 SAPO- 42, SAPO 44, SAP-47. SAPO
56, Al PO BicreR] gast miyturesy ipeluding intoteioTas) thejgobn 34~ A PO 36, Al PO-37, Al PO 46,

MCM 2, netal -containing fornms thereof, and m xtures, including

intergrow hs, thereof. N _ ] o
10 The catalyst composition of claim 8, wherein the molecular sieve is SAPO-34,

SAPO-18, an intergrowth of SAPO-34 and SAPO-18, GeAPO-34, GeAPO-18§, or an
intergrowth of GeAPO-34 and GeAPO-18.

11.  The catalyst composition of claim 8, comprising the molecular sieve in an amount of
from 10 to 90 wt %, and the hydrotalcite in an amount of from 10 to 90 wt %, wherein the

weight percents are based on the total weight of the molecular sieve and the hydrotalcite.
12. The catalyst composition of claim §, further comprising a rare earth metal component.

13.  The catalyst composition of claim 12, comprising the molecular sieve in an amount of
from 10 to 90 wt %, the hydrotalcite in an amount of from 10 to 90 wt %, and the rare earth
metal component in an amount of from 0.1 to 5 wt %, wherein the weight percents are based
on the total weight of the molecular sieve, the hydrotalcite and the rare earth metal

component.

14.  The catalyst composition of claim 12, wherein the rare metal component is lanthanum,



18. The process of claim15, wherein the nol ecular sieve is selected from
SAPO 18, SAPO- 34, SAPO 35, SAPO 44, SAPO 47, ALPO 34, netal -containing
forms thereof, and mxtures, including intergrowths, thereof. 19. The
process of claim 15, wherein the nolecular sieve is SAPO 34, an intergrowth
of SAPO 34 and SAPO 18, or GeAPO 34. 20. The process of claim15, wherein
the rare earth netal conponent is |ant ¥hum 21. The process of claim15,
wherein the nol ecul ar sieve catal yst conposition conprises from10 to 90 wt

% of the pol ecil ar .81 8Y Sodh &gl AP Qe V¥ a8 O SASAydr .3 glle. and from
39 0.1 to’5 wt PRGT ThEOrarss AA I fet's con’bonen?, Mer &Pl The wei ght

percents adeprbaged on the total weight of the nolecular sieve, the
hydrotalcite, and the rare earth netal caonmponent., 22. The process of claim
15, wherein t hé) Blospling a peisilar Heyeaickyiad Soar Lhalueumpbsrmiats  conprises: (i)
provi di ngalﬁm?ﬂp”ﬁﬁpﬂﬁe?fm@al-rc%lslf%in‘?r?grfoﬂn?ﬁ_%é)hf SRITRAURE incﬁddiagt hicAbH

hydrotalcite wth said solution; and (i11i) drying the trea ydrotalcite
to form athdreoEd hydrotal cite conposition. 23. The process of claim 22,

wherein th h et al d.is selected from. halides, oxides,
oxyhal | des,  hyth Bt * B GRE BTGV iRaD B nE b Risgrarses e bonat es,

ni trates, meal &pinaheandnd m xtures thereof. 24. The process of claim 22,
wherein the solution is an aqueous solution. 25. The process of claim 22,
further conpri®)emyining themeleanlagsigvgand thedydrpjaleisn caimiopidion ¢oprdedetd on. 26.
The procegs e?&laPii?Je'?a@ajr’yst é%itﬂmt he step of conbining conprises: (i)
formng a s} urry conpri-sing Re Mol ecul ar sieve and the hydrotal cite
conposition; and (ii) drying the slurry to forma dried, formulated

nol ecul ar _sieve catal ysf co sition., 27. The process of claim 26, wherein
t he sl urrﬁconﬁ*ﬁql%,r@%esgohlﬁfmngf erébWFé‘}J%cl”@{/é’,eee ﬁfﬁ'FE}F‘gfrei“te and a rare
earth met glic AR spékes, MBGI-PERARRE (@insth@idNaAd miXiREEhAliAg rare earth
metal compound is selected from

intergrowths, thereof.

17. The process of claim 15, wherein the molecular sieve is selected from 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, SAP-47, SAPO-
56, AIPO-3, AIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46, MCM-2,

metal-containing forms thereof, and mixtures, including intergrowths, thereof.
18. The process of claim 15, wherein the molecular sieve is selected from SAPO-18,
SAPQ-34, SAPO-35, SAPO-44, SAPO-47, ALPO-34, metal-containing forms thereof, and

mixtures, including intergrowths, thereof.

19.  The process of claim 15, wherein the molecular sieve is SAPO-34, an intergrowth of

SAPO-34 and SAPO-18, or GeAPO-34.
20.  The process of claim 15, wherein the rare earth metal component is lanthanum.

21.  The process of claim 15, wherein the molecular sieve catalyst composition comprises

from 10 to 90 wt % of the molecular sieve, from 10 to 90 wt % of the hydrotalcite, and from



hal i des, oxi des, oxyhalides, hydroxides, sulfides, sulfonates, borides,
borates, carbonates, nitrates, carboxylates and m xtures thereof. 29. The
process of claim 27, wherein the rare earth netal conpound is soluble in the
40 liquid. 30. The process of claim27, wherein the rare earth conpound and
the hydrotalcite are pre-contacted to formthe hydrotal cite conposition.

31. The process of claim 30, whereint step of pre-contacting conprises:
(i) providing a solution of a rare earth nmetal conpound; (ii) treating

hydr ot al cpt e i l.utd on. Ll Vi ] alcite
to forn1abdﬁ?§‘ H@ﬁ?@?gﬁ%ﬁ#@*@%ﬁbos.<$éﬁ@*h§5¥‘@%g%%ﬁy%%§§hﬁge§¥§§§$27,

wher ei n t He tbtapueidhtadnipr mslesulatsidveaht hpdretalrfite wantielng ragneartalncodiabmpandaet one,
an al dehyde, or an ester. 33. The process of claim 26, wherein the step of
drying conprises spray drying. 34. A process for converting a hydrocarbon

oxygenat e eedghOgkcds® oPLigl 15 wHeRSn e QRBDS prov RIS A ﬁ;gd?gtafcﬂé‘tc@qﬁ bsitebnt he
feedstock with a catal yst conposition conprising: (a) a nol ecul ar sieve;

(b) hydrotenprises; and (c) a rare earth netal; under catal ytic conversion

conditions, to.form.,a pr C m Xt ur risi olefins. 35. The process
of claim 34, V\ﬁ%{ rré)?”rq%lghaeS%ﬁ‘lglloé&g 5arrgg?r§1v'§8t|g}s)cosé10§g?’ed from

si | i coal um nopfiigseidisasdrakivig whpkas pflati@s andret al - cont ai ni ng forns ther eof
and m xtures, including inter%rommhs, thereqf. 36. The process of claim 34,
wher ei n t he nofiibkdiyiag ths Esased hydegpleit tadorm ¢ Aiieghdrefalcitapgsepasitiogapo. 1 1,
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, Al PO-5,

Al PO 1 1, 27l POMliBprogdsPeE @dim A1, P@eB4n thAlr2©e3d) malaPOgounAisPeletgd froMCM 2,

?ﬁé?gé? Onb'alldgls,%%icfeg,rog?/hgh %sr, 951‘0){%@% smﬁégslf rsﬁ?dna{eg,ctlolfliglesr,]%orlatnets,e cra ro%‘é‘{te?,S’

nitrates, carboxylates and mixtures thereof,
24.  The process of claim 22, wherein the solution is an aqueous solution.

25.  The process of claim 22, further comprising (iv) calcining the dried hydrotalcite

composition.

26.  The process of claim |5, wherein the step of combining comprises:
(i) forming a slurry comprising the molecular sieve and the hydrotalcite composition;
and

(ii) drying the slurry to form a dried, formulated molecular sieve catalyst composition.

27. The process of claim 26, wherein the slurry comprises a liquid, molecular sieve,

hydrotalcite and a rare earth metal compound.
28.  The process of claim 27, wherein the rare earth metal compound is selected from
halides, oxides, oxyhalides, hydroxides, sulfides, sulfonates, borides, borates, carbonates,

nitrates, carboxylates and mixtures thereof.

29.  The process of claim 27, wherein the rare earth metal compound is soluble in the



37. The process of claim 34, wherein the nol ecular sieve is selected from
SAPO-1 8, SAPO 34, SAPO 35, SAPO 44, SAPO-47, ALPO 34, netal -containing
forms thereof, and mxtures, including intergrowths, thereof. 38. The
process of claim 34, wherein the nol ecul ar sieve is SAPO 34, SAPO 18, an
intergrom h of SAPO 34 and SAPO 18, GeAPO 34, GeAPO- 18 or an intergrowth of
GeAPO 34 and GeAPO- 18. 39. The process ¥ claim34, wherein the catal yst
conposition conprises the nolecular sieve in an amount of from 10 to 90 wt
% and thﬁ h%drotal cite in an anmount of from10 to 90 w % wherein the
wei ght pe P8t s are based on the total wei ght of the nol ecul ar sieve and
the hydrotalcite. 40. The process of claim34, wherein the rare earth netal
conponent is selected fromthe group consisting of |anthanum yttrium
cerium af¥i niKreutraesss pleglaiy 27, aperermide pire e&tscontPosndinid o hydimEtdiedra he

cat al yst o ar sieve in an amount of from 10
to 90 wt @%%ﬁ%bt gpfot[gmgtﬁbzﬁ?tﬁ&gﬁc%%m%of from1l0 to 90 wt % and the

rare earth netal conponent |n an anount of fromO0.1 to 5w % wherein the

wei ght pef’ ent are bas§$ tott; ht of the nol ecul ar sieve, the
hydr ot al ci Hrﬂ‘éess? IR P SEB AP &P acUBE CORLISEY ocess of cl ai m

40, wherein t%ﬁr@ﬁlemg%rs%hmaﬁbah O PRANBAEI dotapoaRd;hanum  43. The process of
claim 34, wherein the feedstock conprises nethanol and product m xture

conpri ses et hyliig¢featiygchygrosgyiteewigh said solution; and
(ii1) drying the treated hydrotalcite to form a dried hydrotalcite composition.

32.  The process of claim 27, wherein the liquid comprises at least one of water, an

alcohol, a ketone, an aldehyde, or an ester.
33.  The process of claim 26, wherein the step of drying comprises spray drying.

34. A process for converting a hydrocarbon oxygenate feedstock to olefins, the process
comprising contacting the feedstock with a catalyst composition comprising:

(a) a molecular sieve;

(b) hydrotalcite; and

(c) a rare earth metal; under catalytic conversion conditions, to form a product

mixture comprising olefins.

35.  The process of claim 34, wherein the molecular sieve is selected from
silicoaluminophosphates, aluminophosphates, metal-containing forms thereof and mixtures,

including intergrowths, thereof.

36.  The process of claim 34, wherein the molecular sieve is selected from 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, AIPO-5, AIPO-11, AIPO-18, AIPO-31, AIPO-34, AIPO-36, AIPO-37, AIPO-46,

MCM-2, metal-containing forms thereof, and mixtures, including intergrowths, thereof.
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37. The process of claim 34, wherein the molecular sieve is selected from SAPO-18,
SAPO-34, SAPO-35, SAPO-44, SAPO-47, ALPO-34, metal-containing forms thereof, and

mixtures, including intergrowths, thereof.

38. The process of claim 34, wherein the molecular sieve is SAPO-34, SAPO-18, an
intergrowth of SAPO-34 and SAPQO-18, GeAPO-34, GeAPO-18 or an intergrowth of
GeAPO-34 and GeAPO-18.

39.  The process of claim 34, wherein the catalyst composition comprises the molecular
sieve in an amount of from 10 to 90 wt %, and the hydrotalcite in an amount of from 10 to 90
wt %, wherein the weight percents are based on the total weight of the molecular sieve and

the hydrotalcite.

40.  The process of claim 34, wherein the rare earth metal component is selected from the

group consisting of lanthanum, yttrium, cerium, and mixtures thereof.

41.  The process of claim 40, wherein the catalyst composition comprises the molecular
sieve in an amount of from 10 to 90 wt %, the hydrotalcite in an amount of from 10 to 90 wt
%, and the rare earth metal component in an amount of from 0.1 to 5 wt %, wherein the
weight percents are based on the total weight of the molecular sieve, the hydrotalcite and the

rare earth metal component.

42, The process of claim 40, wherein the rare earth metal component is lanthanum.

43, The process of claim 34, wherein the feedstock comprises methanol and product

mixture comprises ethylene and propylene.



