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MOLECULAR S| EVE CATALYST COMPOSI TI ONS. THEI R
PRODUCTI ON AND USE | N CONVERSI ON PROCESSES FI ELD The

w@e@smonds2i nvention rel ates to nol ecul ar si eve PEI/EB3084/016362

conposi tions, to the production of such conpositions
and to the use of such conpositions in conversion
processes, particularly to ptoduce ol ef n(s).
BACKGROUND O efins are traditionally produced from
petrol eum f eedst ocks by catalytlc or stean1crack|ng
processeg, .

cracki ng, FTE—C S Steh
and/ THEIRPROPIECTION @Q\Ibﬁlﬁ EN;QQN ymmm PROCESSE

f eedst ocks. Ethyl ene and propyl ene are inportant
cornndlty petrochem cals useful in a variety of

ses for making plastics and ot her chem ca

G OmR0 M pre AR EAAARANS G Ind AU Ho'e AR A0 Rns, to

some ti at oxygena especl a

ctha pﬁfdhbthxbxeoﬂ sutly compduiticis@hdtsihe uséef sichlkemposiBseus
technol ogi es avail abl e for producing oxygenates

i GOBV SFSIORProceEre RasiGUiRLIP Preduce PIENGD. synt hesi s gas
derived fromnatural gas, petroleumliquids or

car bonaceous materials including coal, recycled

MBACKGCROUNBI ci pal waste or any other organic
material. Cenerally, the production of synthesis gas

i nvol valsfigs er@ﬁﬁégtoméw produeaddiprp petrelewn eedgipsks bwttalytm

%ﬁ] o)%ﬂle ra(g% @% 2 ar eﬁne§ O oxgkg%é B@Q% sgsd / %n%%lallg %%ral%ocrackmg,

er@di%ﬂigﬁﬂol@ﬁﬁ@ﬁ%ﬁﬁﬁad dﬂl@;ﬂ@ﬁb@n@m‘pﬁfﬁyu@le Afrors ta8aRkty of
reform ng, autothermal reformng, or a conbination

thydrasgrbonpadsiaghs. Etbﬁlén@mémpmé@leaar@ inportany commgHity
PP A SR s DsPetnliof G ernts I RakT Rcick AT S o1

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
reaction of synthesis gas derived from natural gas, petroleum liquids or
carbonaceous materials including coal, recycled plastics, municipal waste or any
other organic material. Generally, the production of synthesis gas involves a
combustion reaction of natural gas, mostly methane, and an oxygen source into
hydrogen, carbon monoxide and/or carbon dioxide. Other known syngas
production processes include 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
carbon dioxide in a methanol reactor in the presence of a heterogeneous catalyst.

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



carbon dioxide in a nmethanol reactor in the presence
of a heterogeneous catal yst. For exanple, in one

w@sheses process net hanol is produced using BCT/US2004/016362
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copper/ zincoxi de catal yst in a water-cool ed tubul ar

met hanol reactor. The preferred process for converting
a feedstock containing nethaol into one or nore
olefin(s), primarily ethyl ene and/ or propyl ene,

i nvol ves contacting the feedstock with a nol ecul ar
SHEUEAAYAY 8 iR ABRBRI ilar TORAR] RlafiofBo Hlefdith Phdcess
types of " nol ecul ar sieve well known to convert a

f foe daiveding efepdstodkl dontaaming xgthenalt istocmmetodinmira glefin(s),

feedstock, into_one or nore qQlefn(s). For exanp]e,
\ w@na@aﬁ@wenﬂ@.ﬂd@,r 8Py led imwlss %@?ﬁ&l%&aé@d&oc}f Hath a

' A nmet hanol into ol efn(s);

ﬁ.ﬁgi.eb lglisént ﬁgdlyﬁe%%gg%%g{dl scusses the conversion of
nmet hanol and ot her oxygenates to ethyl ene and
propyl ene using crystalline alymnosilicate zeolites,
for exhHfse aczag differpnt types OfélFC?Liﬁfﬁ’iktféleé(ﬁ avedling s tp gonvert a

t : 4 SEr e 0 34
(5ot Bploblly of o R o R e R R ool
edlbfh(e) FartarpplepylE PatentlNd. 3,367,100adcstribdiahe ¥seDEChedABlite,
descri bes producing_ light olefin(s) froman al cohol

us?Mep- d0 eonsttanethariol a1t pleBidd pharient Mo tepZRlsi disracssa
OB cRATF A5 el ey LGSR Sh 53 in
sérstaliiat pitdingiiaphabitespoeetingile Sedlite T, ZKS5, erionite and

Si licoal um no&hosphat e 6SAPO) nol ecul ar__si eves contain

achehezdte; HisndasnbNal 487 S P Dpduseries dhs/aseof ZSHE- 3¢ te peswis Ttk

S ' P rner _sharl
BRI o b O Prag il Sk R ay o dn BRI A gtem
R6.613 1000 dbséhiids $rdducinilipht dI8fif@) fbm dnldohol using a ‘

i ncor porated by reference. SAPO nol ecul ar sieves are
oRHERIENe plugy siihatey ofign deseenated i IPR4r mal
crystallization of a reaction m xture of silicon-,

al um num and phosphorus- sources and at | east one

t enpl agdmi@oHe Rtost WERTI @S bsulRfsicteSOPEb IR R hahasd 8y €,
its formulation into a SAPO catal yst, and its use in

cefi(p) arp giligodyainephespbatemed datasievent Siliopattniophosphate

p@%ﬁ(ﬁ%&gé a:rV\s'tlleevrese cén g’mfa Er%g-td?n%(ns%osna mgcqggo%loﬁs crystalline
framework structure of [S104], [AlO4] 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
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.
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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

w@pes816586, 282, all of which are herein fully PCT/US2004/016362

i ncorporated by reference. Typically, nolecul ar sieves
are fornmed into nol ecul ar sieve catal yst conpositions
to inprove their durability 3n commercial conversion
processes. These nol ecul ar sieve catal yst conpositions
are fornmed by conbining the nolecular sieve with a

Mat r i XTypdae Rbleamel Qv oRi PERE 1ﬂ6@hﬁﬁbcg}ép biedd Eatarglie
nmet al oxi deS. However, these binders and nmatrix
mmﬁioss toyipipeend theip dm;abﬂﬂy ineconumgroial atererhiai processes.

t t t th t | tion,
R EPLeclif FRES FAINY cGmpRBHoms At Sroish oV samhne the
SRbREMEVEidvE With 4 REtIPhEERAPIdRIr 8\ Ende: @}égggﬁﬁflﬁéﬁl

be desirable to have an I nproved c}ecu

oxtiddsy $tovevap it bindels aud ngirix inetetiels t;qnmmzrcﬁﬂmervaﬁoe ,

i npr.qved.ol. e ctivity and a |onger |jfetine

B S Pluical Ch e eriaio e seiaby S prRares. mutavn e

I e

BB ErRARAL TR 8 i GBI elee Moo |

phesfonc be ddsirable &0 hawesin iompingieid sholgoudarz6ak ichtalysSeotipodBion
eolite Y, and an additive conprising a dehydrated

rZP&ij LIPS LM TR gy ¢ ol %ﬁwl%ﬁm pad a&on@elt lifggime.

for vanadlun1as wel | as an agent for reducing the

content of sulfur oxides in the regenerator flue gas.

U. S. RaSeRsteidNo.d,839(516 Wkscitissch poesssdor the ic@talfs,ﬂb atagking of

oI snlEh A, MV EEs. BoTREL e dced owRktinthe
?% I cO p(#] O:ezﬁi(l)}ga%}/ E%]n J‘Hi)é % re a}t@éaaP%%ﬁgeSg%{Yl ’C gsangfldlgve

canipasiag ediehjzdramﬂ m@&dﬂlhﬁiaﬂdmﬁhﬁﬁh H@Mﬁb’tﬂbl@é @hich.actd. a@a trap
Pat ent No. 6,180,828 di scusses the use of a nodifi

o ‘éaé‘aﬂ’éﬂm %sl el bast 3 AgeRidfor tedneing theonirat of subfr méltthamdhe
Q%n ere for exanple, a

siTicoa um r%ophosphat e nol ecul ar sieve is conbi ned

with one or nore nDdlfiers such as a zirconi um oxi de,

a titanium oxide, 6){ttrlumomde nmontnorillonite or
U.S. Patent No. 6, 010 9 discloses a fluid catalytic cracking process for

converting hydrocarbon feed stocks containing heavy metal compounds, in which
the catalyst employed comprises a zeolite or silicophosphoaluminate treated with

particles of a carbonated strontium-substituted hydrotalcite.

U.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
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

hydrocarbon feed streams using a catalyst composition comprising a physical
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wa@igiongie2cat al yst conposition conprising a

kaol i nite. EP-A-312981 discloses a process for
cracki ng vanadi um cont ai ni ng hydrocarbon feed streans

physi cal m xture of a zeolite enbedded in an inorganic
refractory matrix material and at | east one oxi de of
beryllium magnesi um cal ci ufn strontium barium or

| ant hanum preferably nagnesi um oxi de, on a
silica-containing support material. Kang and Inui,
Bhixeieof azeslee eadsdiedin Bl iloesandd red@btdrFmhek rhaealadd an
the external surface of N -SAPO-34 crystalline

datshope pxigy of beryRiseh svererdpm.cenlcivn: Hrotiudabariyns os

Llﬁltltﬂxgn@né,l p?%efiepa gfr%a%rgélu%rgg)gaég)%? ald cglﬁ(%)ll aﬁlgmt% g%g)o}t material.
forrmtl on mtigated in the conversion of nethanol to
et hyl ene over Ni -SAPO 34 by mlling the catalyst with
MO, damg @é@m Effscto 05¢heon¢a@¢ ospheler ofihcid sitesdocatedson the

bl BT RER wﬁé%%%%e?%eﬂ}age«fm@

trﬁ@thﬁ@ r(yaemgl@net@efrs %mg&amﬂml%@fdlﬂ%se\ﬂ% 1 sh
pore non-zeolitic nolecular sieve containing a ne aI

ﬁl%&Y@dCMhﬂﬁnhweé eod thecoke fcsmahgn ofitigatédaintthecinyersicarof

APl T R EBRE DI AP Pl T B B it e 40,

54 s el 40055 b

aquefsusd.t i on whi ch exhi bits enhanced |ifetime when used
in the conversion of oxygenates to ol efins and which
conprises a nol ecular sieve and at |east one metal

oxi de ThRwiRgnAP Bﬁ&ﬁi@ﬁm{ W@@%%s%% bRSestthe & i

at | east (?O% rrﬁ1 /2 of the netal omg’. ﬁsﬂeerr%%aeﬁﬁ%f
axiydenates ts elefios evjerfarsnmllqmr@mrdzeod:ﬁm @icdequlat stdve chigtaining a

Per i odj abl e .of El enents, er alone or. in
SRS St gﬂ;ﬂw fhe %?1“%98“8‘@“%? thapdgAngosnige sscandipme

Prone Qi az ety ORI BeaG: Rimdlly oty ed ' o

i ncl udi ng the Lant hani de serl es of elenments and the

Actinde series of
m:in our co-pend?ng U.S. Patent Application Serial No. 10/364,156 filed

February 10, 2003, there is described catalyst composition which exhibits
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

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

elements.

PCT/US2004/016362
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el ements. SUMVARY | n one enbodi nent, the invention
provi des a catal yst conposition including a nol ecul ar

w@@sel6skydrotal cite, and a rare earth netal cPOPUSN/016362

In one aspect of this enbodi nent, the nol ecul ar sieve
is selected froman al um nophosphate, a

si |l i coal um nophosphat e and net al - cont ai ni ng forns
thereof. In a particular aspect of this enbodi nent,
the rare earth netal is |anthanum Conveniently, the
rRITMMIARY sieve is selected from SAPO 5, SAPO 8,

SAPO- |1, SAPO 16, SAPQ 17, SAPO-18, SAPO 20, SAPO 31,
SAPO- 31 onsapbpdgient sanyeition Apeyides a @Mﬂ?@twnpwm 41,

Argfe e i bio R i b e AibET Sayisnln

Mk dhechef this-chibodihett e hiolddalar Bﬁfl@i&fseﬁaﬁd Hoxt M €S,
i ncluding intergrowths, thereof. Particularly usef ul

ERETRI M iqoalinigenBapiia sd 18pRlr GuzingaR@nEShereof.
%ﬁg ?ééﬁulals‘gf %:nﬁoxt}tgl':‘éggog qnggﬁ%léar? ?ﬁr&?fa?tls@? I]]agl?hanum

t hereof, especially SAPO 34, intergrowths of SAPO 34
and SAPO- 18, and intergrowths of GeAPO 34 and
GeAPO P@Velﬁe%ﬂi’@fh‘i’éﬁdé%ﬂ@cﬁl%m seledtes] fromSARQH, PABOIE]es

S e G S AL R st st Ao B QR ARREE.

SAPO-SHRAED- 38A?@8r3ﬁsﬂ®d 4o, m4l6SAﬁ6P4@ S;Z\PO%FO 1
SAPO- 20, SAPO 31, SAPO- 34, SAPO 35 SAPO 3

SABE-47, SADPGE646PGAPAIRA-11, SAPO-48, AIRGPEL mros;mmo 36,

PO PO- 31, Al1PO 34,
MR 0 AR o PO ol RO s ARPQL 3 AR,
imiuting iesr&@ithsa e X PaieSlarty u@éfw%macﬁl&t GEHLE AN

thereof and hydrotalcite. Optionally, the conposi on

AR O L1340 3ACTABE-24, BAPO-#hSAPORT A TP A anetalt constingine
?o%ns %lpetrgoefpan'a 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
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
forms thereof, and mixtures, including intergrowths, thereof and hydrotalcite.
Optionally, the composition can further include a rare earth metal component,

such as lanthanum.

Conveniently, the aluminophosphate and metalloaluminophosphate

molecular sieves are selected from AIPO-5, AIPO-1 1, AIPO-18, AIPO-31, AIPO-
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Conveni ently, the alum nophosphate and
nmet al | oal um nophosphat e nol ecul ar sieves are sel ected

wWo e@sAEPO- 5, AIPO1 , Ah O1 , ALPO 3 , Al PC3ECT/US2004/016362

AlPO 36, AlPO 37, Al1PO 46, netal -containing forns

t hereof and m xtures, including intergrowths, thereof.

In yet another enbodiment, tfe invention provides a

process for formulating a nol ecul ar sieve catal yst

conposition, the process including providing a

MY, aGpOA6, AIRYS7, RITRY.148] RetaR oM AhRabahd BefBRRB@Es,

|ncI udi ng” hydr ot alcite and rare earth metal conmponent ;
andiudiogintnigigvibeethemsbcul ar si eve and the hydrotalcite

conposition to produce a fornul ated nol ecul ar sieve

catal yst conposition. Conveniently, the step of

Provi dinRgt o eatdlimhdn® tROMRESidn ﬁ%&vﬁlés £ Eés%%PUt by

providing a solution of 'a rare earth netal conpound

nfoxiwnigting e neddcutar sisveathlystydmppsition,tike pmcéssnmladmg

| d h d
Ry i CRp ot i proatings) M lstier Rmgr b incinding o
e@'dhhal@ﬁé Ad LATRRENHeIFOnRRnEnAd &ﬁmblﬂﬁg% HABlec@Br sieve

oxXyhal i de, a hydroxide, a sulfide, onat
fmldrth@hydrataMB abmpoatlmatotmnwoe a farmmlaﬁedtnmlecmlar sieve catalyst
carboxyl ate or a m xture thereof. Conveniently, the
StPEPO8H %8 onbi ni ng the nol ecul ar si eve and the
hydrotal cite conposition is carried out by formng a
slurry of the nol ecular sieve and the hydrotalcite
conposCdriveniendyidhelstyp ofjprohiging airydyothloité osmipasitisri ﬁda:med
formul ated nol ecul ar _si eve cat al IXSt composi tion.

QU PX @FOVaRS A SAuHPN of fEare pRFEVIRFS coamwmée@%%ﬂls@e@gon
f f
oty ﬁﬂﬂé{ﬁ{c {7 f&n{wamg%p;agyllg%uggm s gtdﬁ%& to

€ process

fleydetsilontdkcompdsition Byawysof cxaniples il rare e@ﬁﬁmdtalcﬂg}poﬁlﬂ) may
nol ecul ar si eve; and gb) hydrotal cite; under catalytic
e Soil PR e Hplidee 11%‘?9?%1@3 Bisuides a sulfonalieea boride, a

%?BE,' aséa?tgonate, 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 shurry of the molecular sieve
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
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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w@e@smelasat al yst conposi tion,

ol ef i ns. DETAI LED DESCRI PTI ON OF THE EMBODI MENTS
Introduction The invention is directed to a nol ecul ar

in the conversion of hydrocarbon feedstocks,
particul arly oxygenated feedstocks, into olefin(s). It
has been found that conbining a mol ecul ar sieve wth
hydrotal cite, optionally together with a rare earth
netal, results in a catalyst conposition with a | onger
| DEFAINEDDESCRIPIION OFerBRIMBUIMENTeedst ocks,
such as oxygenates, nore particulrarty nethanol, into

' jion | n addition, the resultant catalyst

ot S 1y g S BP0
aiducki¥e andVit 86uh e @n%!@ﬁan'h?&ﬂélcﬁ%oﬁ ke pﬁéﬁﬁaﬂﬁﬁaﬁﬁr‘y

classified by the Structure Cofmm ssion o
|oxtygenated foedstocks antotode g s)o di lzsibeen fornd kdit ngmbmirige

| Z It No | at
AT e iR Reopt gt ongetiryuied ggﬂhamgtgle
TG b & CatiilySVRenp oéﬁbnwmoﬁ éftu“ &ﬁg%ﬁeﬁ‘ﬂée

est abl i shed, are assi gned ree tter code and are
@eswnmbadfﬁndﬁhdmﬁmmhasoﬁmﬁnﬂksmmnEpaMEmbﬂyni¥M@ﬁl1ﬁmh

n Engl and (.2001), which is

B ?‘%1(?3 F%Fﬁl@h‘?lh it Tﬁa‘nﬁg\‘% ertplystcerePEHeR tenéf {pshemprene
?P&}ﬁ@éﬂe%éleéﬁ@e\’tﬁa%n felsaa o1 uBn dee %#Bﬂﬁhe h dro‘1 lc1te

our-connected framework structure cornet
[adtdMivet et rahedra, where T is any tetrahedrally
coordi nated cation. Mol ecular sieves are typically
described in terns of the size of the ring that
A2bicBasr Sichey €, Where the size is based on the nunber
Of T atons ITh the ring. O her framework-type
char adMaeddar sisves hatetben thssified bynie ISemttuesd ComAgdssidnettthe

Ewgnwa c and when present, the dinmension of
1S eo e yathae i mies ch gy Pede Compnission
BRkAcHe I‘%m&{claturle.mA &tGTel 18 ik glags?ﬁéa'tltoﬁ c%%tglﬂﬁe 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.

Crystalline molecular sieves all have a 3-dimensional, four-connected
framework structure of corner-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
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).

its production anPCT/US2008€16362
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and Practice, Second Conpletely Revised and Expanded
Edition, Volune 137, pages 1-67, Elsevier Science,

w®2045/01645e6t er dam  Net her | ands (2001). Non- | i m t PE@IyUS2004/016362

exanpl es of nol ecul ar sieves are the small pore

nol ecul ar sieves, AEl, AFT, APC, ATN, ATT, ATV, AWV
BIK, CAS, CHA, CHI, DAC, DDR® EDI, ERI, , KFI, LEV,
LOV, LTA, MON, PAU, PH, RHO ROG THO and
substituted forns thereof; the nmedium pore nol ecul ar

si evesNoth@itifiEtxantpiés oftlidlecutizRievdhre tMdmalMIMN nMidoular

TON, and substituted fornms thereof; and the 1arge pore

natssuABE AR T ves, ATNE ARRATYnA VEWhBIK t GAS JCHA: ﬁaéﬂ DAC,

PBRC Bl PR BOg R Rl LRRR NG i, 10, x5,

NOHO! bkl dubBEuRY FBhLBerRbf; Michediiftht®hReLRE sisl &Y 8F0,
partl cularly for converting an oxygenate contai ni ng

f ABHsEYOK HER: HER, M, é\)lF I, MIEWu ETIMBION, Y, subdEityte@ifoxms

AP P A i dEepeormoTslergyeieeran: Ehlloan st niiggoms

rmé@spl@ﬂhelsfnsmlef sibV8 mdlﬂcfenANQ&nB'E% ¥ =0} bg@? Ay TL,

or a CHA topol ogy, or a combi nafion thereof),

dYIEReM{bRyMéN WHadtSEPRI dlpp:lirTitia g srethples nﬁphefwmedmmbldmﬂege
PG G PRENEY T8 BTGB RE e atonto

BB, BlclulcMES ASEdA e BEIAN CHEN SEIST, ; FA-’EQ%TE?{ Gks; LT%“JQTL

structures and an average pore size'in t
ﬂﬂERL&HHdMIEABEBTﬂﬂﬂﬂN'ﬂﬁﬂéandﬂ&ﬂﬁrhmnmqmﬂhmﬂbeﬂbmhmknt
ave, 8- nd an average pore

t |
IhS wbfesl e SLBS fveaion i anal i iodlig i G opireBmor o
%n{b%a@@ﬁ%ereoff 19bst ﬁ@ﬁbﬁr {)@H@%‘p& gabout4. A, and

particularly from 5A 0 out 4 2 ‘Mol ecul ar si eves
have a nnlecular f r amewor k |nclud|ng one, or
preferab g} two . or nore corner-sharing [ T04]

tetra a“ume@@m %aﬁ%ﬁ@@repm@re@e é%#l?VGSW BpmagtEngtoa
[1§|-19i]§ or %@é‘tt he Fftbnt @ﬁaﬁ@&lﬁ‘%ﬁﬁ Ithel{ﬂbltex?ular sieves used

Typi cal | ecu ar sieves use erei
dletm hopHbshatr é2{ W PDrucnobead AMravetagy @sre 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 54, such as in the range of
from 3A to about 5A, for example from 34 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 [TOA4] tetrahedral units, and more preferably, two or
more [Si0O4], [AlO4] 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.
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si li coal um nophosphate (SAPO nol ecul ar si eves,
nmet al - cont ai ni ng Al PO and SAPO nol ecul ar si eves and

wo paosogent hs of such sieves.ln the case of PCT/US2004/016362

nmet al - cont ai ni ng nol ecul ar si eves, the netal atons can
be inserted into the framework of the nol ecul ar sieve
through a tetrahedral unit, 8uch as [MeQ2], and carry
a net charge depending on the val ence state of the
nmetal substituent. For exanple, in one enbodi nent,
when tinehdBisalbof fidhslcbitRits MBRcAaV 8L RECEe Mehil G1dthsén be
+3, +4, +5, or +6, the net charge of the tetrahedral
unsdrteidsntodheveemeworkanfdheroleBwlany besthofugh witétadhedrahenis lsach
for in the netal,-containi.n | ecul ar sieves use
B2y B i eSS DEAG g e Horen alaisctt BrAgts
RO SoeeRa e REHIRRIREN \1BRIE Bl el
Grabangpe Statef ofti2e +Pet4, ddi or Fabheenad thdrpe ofthe setrahedraluiinig
thg‘HLanéhaHi 2es: | ant hanum cerium praseodym um

RS Naullsfiie danar | um europium gadolinium terbium
dysprosium hol mium erbium thulium 'ytterbium and
lutetium and scandiumor yttrium transition netals
of G dErpenples af shifatdé ntetads e nswoiti the etal-eonthinfgensietdar

and m xtures of any. of these netal species h one
SR PP ieasin 3t Atk Tetplr TPt | P& e dieEet &l HpIRGTH paents,

OO CORE LRINGE Qlou? of Fie PG GnBiesdi
N, Sﬁ, %'?'I?hl%Zrl] an(gxfogf? 0ande l?n Xt béfg%blﬁfe]?eo mly%‘uare h
Reetabali Grotip Bl of tlof ParlodiveTdbde o lemertd, inclubi@gehaLaghdnides:
I.UPAC format described in the CRC Handbook of,

CREHREIAPCHAY, PRydyRIum gepd raium. SRR SreRiym, Boca

f A N S B Gl R G S
retetilime and sianding atettival, trvestisheerof offGregpdde N 2 of the
descrjbed in _detail in numerous publications including
fisEiodieaAdieof Hementmpng pixiyses of agp pi these yurishsrocitRe neonde

Esipyd MhboSthonC et ¥ lec R BB Bt g o,
(Gl ARSGL B Mg, BVn 181, A8, TiBEn aBd Z€rand Q8ixtu&® thereof. The
Periodic Table of Elements referred to herein is the ITUPAC format described in
the CRC Handbook of Chemistry and Physics, 78th Edition, CRC Press, Boca
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
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 (FeAPQ), U.S. Patents
No. 4,822,478, 4,683,217, 4,744,885 (FeAPSO), EP-A-0 158 975 and U.S. Patent
No. 4,935,216 (ZnAPSO, EP-A-0 161 489 (CoAPSO), EP-A-0 158 976 (ELAPO,
where EL is Co, Fe, Mg, Mn, Ti or Zn), U.S. Patent No. 4,310,440 (AIPO4), EP-
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Ge, Fe, Li, My, WMh, Ti or Zn), U S. Patent No.
4,554, 143 (FeAPO), U. S. Patents No. 4,822,478,

W 2888165117, 4, 744,885 (FeAPSO), EP-A-O 158 975PGrusS1d08016362

Patent No. 4, 935,216 (ZnAPSO EP-A-O 161 489 ( CoAPSO),
EP- A-O 158 976 (ELAPO, where EL is Co, Fe, My, M1, Ti
or Zn), U.S. Patent No. 4,310, 440 (ALPO4), EPA- 0158

350 (SENAPSO), U.S. Patent No. 4,973,460 (Li APSO),

U S. Patent No. 4,789,535 (Li APO), U. S. Patent No.

45 9OZ32530 (SENARSO), UL, %mﬁﬁN@Mp?@%O‘%@&ﬁSéﬁhs.Cﬁa‘bBQ)No.
U S. Patent No. 5,057,295 (BAPSO), U S. Patéent No.

4, T80 AL IAROARED) PatentdNo. AR98:258 (NoAPS®), 758, Batent Nmd

IR RRIEADs GRS AP els Pneno

Pat3mg3 APSDHA 548 4,739,919, 51, .S.
oy Pl ING) 4,730,000, Bl 51 186 (AP QLS

\Pagntrewn s 5 3NIS, 4,835,888, 09134,3268246 5956, 787 (MEAPSE)SBS.

AR 1 WS BRI Sy RS DO S
??’%gr,lg’l g%ﬁ&s (?ﬁs%g%),g{.g. gﬁgﬁg%og.o%,lgg%o%%%%s&%q 4793,833

RMARSOINDSS. PAIBOONGS £,344,055 in® 64 56,981 QVIGAR0O)ID.S. Patent

0 A5 P PRRT S Rifeniier 348500 (BB Bt s
25501050, 4 QORBO aitl 860, Q4 FrikBOTMOL PALERI 00,651,

Q2]), as well as U:S. Patents” Nos.
4,'686,3098d AR0Bg02ETIAP @), TOS, Fahts Mo 8032886, 4448530197,

4CaAPSHId SPAS Nt v U8 5781500 EPaki0 2R AT QAHSG
Redesd 0 if BhinkwbACSH oA Eﬁbﬁz ars%%a?lra%%.g: P%ﬁggos. 4,567,029,
de"those described Th R

nmol ecul ar si eves inclu
G286109R, 4,ABNEDY aK793{98ND,801BGY, 453 58y109, 4. Yens My g2Bd4,

IS0 it 3R S 31 SEET8b 8:408 1006 80 BB ASRErL o
e s R O R nced by the
enpirical formula, on an anhydrous basis:

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

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:

mR:(M;ALP,)O,
wherein R represents at least one templating agent, preferably an organic
templating agent; m is the number of moles of R per mole of (M,Al1,P,)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

an element selected from one of Groups 1, 2, 3, 4, 5, 6, 7, 8, 9,10,11,12,13, 14
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nMR(MA P )0 wherein Rrepresents at |east one
tenpl ati ng agent, preferably an organic tenpl ating

wa@g®anieses t he nunber of noles of R per nol e oPCT/NEM04/616362

) 2 and has a value fromO to 1, preferably 0 to 0.5,
and nost preferably fromO to 0.3; x, y, and z
represent the nole fractionldf A, P and M as
tetrahedral oxides, where Mis an el enent sel ected
fromone of Goups 1, , 3, , 5 6, 7, 8, 9, 10, 11,

hAd 1 Atharfiafsl ot MetPRADAIE g aBledt HidiSertE Mot ghly R/poig%e%{:ted from

El enents. Preferably Mis selected fromSi
@j"’ C(F,é.:l', Qa Fq;é},a, W; MgthL\N}: &]Ilsﬁu andr¥ra gl aﬂﬁmbbdimnt, m

nbodi ment , i t h | to 0.2, and
Fhareaenfian gr edhedle hckndon  dgt ants §openiban preabiofy1. o
eAbe SR dimeAd 9 fggéﬁe‘% "ﬂbahfzn’é\ﬂtooab},ui PR %%atel’ thah 0 1f% about

greater than O to about 0.25, y is in the range o
O 2Py Gs i therapgs of fmoh &4 is0.5 pandiras imthgeamgfe df ifmm 0.22%0 0.6,

0.5, re preferabl is fromO. to. 0.7, is from
B3 PIGeraDIS o a0 7 i 0. S eD 2. ¥ s o o 3.
204 Q1 SfoMNYB td okt i ng exanpl es of SAPO and Al PO
nmol ecul ar si eves useful herein include one or a

conbi nati on of SAPO- 5, SAPO 8, SAPO-1 , SAPO 16, SAPO-
SAPo S EasEEsFamRRbel 3P ORBAIRD melgpRSeaAbildercn
P e gl ESAD RS pe O e R
ATPEARG; 13ySHPD-20,B ARDBI1, SAROA 4N BAFOvDS, SARGB65$ APO37,
Sz Ao SRR skt G soP Sompe . A S AR0-47,
eGP Ao TR s PR oS R B irg-o7

AdAO- 46 M OM-D indSAREI ddhtaiiAPhAdoul AlsRPes SraafidOAIHRES, 18,
and, netal contajning derivatives thereof, such as

CaMsElaty Ve mRlepEal SieVes ILRPERTHGATIRERATION R 8 A6 6% (ARO-
e EPO%SagA?@-Eﬁ,%%-%ﬁfﬁ-h?h?@gﬁcﬂ-%4ta}q§ ol BBhiining

inct érystall’ine phases w n one no ar si ev
derivaiiet thereof, such as one or a combination of SAPO-18, SAPO-34, AIPO-
34 and AIPO-18, and metal containing derivatives thereof, such as GeAPQO-34 and

GeAPO-18.

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. 2002/0165089 and International Patent Publication
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
SAPO-34 has a CHA framework-type. Thus the molecular sieve used herein may
comprise at least one intergrowth phase of AEI and CHA framework-types,
especially where the ratio of CHA framework-type to AEI framework-type, as
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h particular, intergromh nol ecul ar sieves are
described in the U S. Patent Application Publication

wWOR005806321 0165089 and | nternati onal Patent PubbPCTEHS10041016362

No. WD 98/ 15496, both of which are herein fully

i ncorporated by reference. For exanple, SAPO 18,

A1PO 18 and RUW 18 have an ABl framewor k-t ype, and

SAPO 34 has a CHA franmework-type. Thus the nol ecul ar

sieve used herein may conprise at |east one

|deteahﬁfea\btyrﬂh@bquﬁethﬁa drodsédHA 1.5 aPRYRI APl REsH

REBGCIag§&DMhere the ratio of CHA franmework-type to
ligatigy 2ROZ/Qpeb 089 sid arastarithrad - by t he DI FFaX et hod

di sclosed in U S. Patent Application Publication No.

2002/ 0165089, is greater than 1:1. Mol ecul ar Sieve

Molebgai SietbSyathHekiesi s of nol ecul ar sieves is
described iTn many of the references di scussed above.

Gener §1h|eyynth@ﬂ1 elecwpiess i deseyredhie siang of Hie refeesnces

r aII| atlon of one .ore of .a
QLBEREIE RRERHE mORRlOleBs B SulkaPRLsy Ge tfgomermal
@fysﬁaﬂlﬁz!aﬁ@ﬂ 0Bk & heRRalsbige Qﬂﬁﬁhmﬁﬁ‘ Gyoffcedf ngh&é’ Q9a1, a
cont ai ni ng organi ¢ conpound. Typi call 'y, a co tron
@@urg@gf Hleongmdgi teinplating agenti sughrmamuitplges phainig organic

SPeRAR ool PPl o <) EEBu B SRR Pched
ph& dphfus] ifoha Wwihofie §f‘ﬁl6reat§meé|t1}i§ ab&d b stjélﬁ@a?it gﬁls@e\:lgd

and heat e er a crystallization press
praypue a©&s¢b0pmm1ally ligedwith tealinarigdastmtsachad i s for nmed,

B erb et oot P, el P oera 7don
We@ﬁﬁre' et Léct@ys?dﬂlh&ﬁtaf%ﬁal ik yomtasidd fén re;gﬁfgd(ﬁga}tﬁtion,

Aerosi | -200 avall abl e from Degussa ,
yonikfugaineh @R @eSirtinkt 5, or ganosi | i con corrpounds such
as tetraal kyl orthosilicates, for exanple, tetranethyl
orthosilicate (TNCS) and tetraethylorthosilicate

(TESNonGghitia cd bER it

t her eof . f orl %xarrp}?e Lu CO%HSa%g ﬁldgggf&?%%l e gcs)lrlﬁca
E)r_lexmdplePAﬂItosﬂ-@O&lamlﬁbha froia ID'aganm;., el Ak, Nevs Ylobl iagd
%%I.BqO%EEWIYS, organosilicon compounds such as tetraalkyl orthosilicates, for

example, tetramethyl orthosilicate (TMOS) and tetraethylorthosilicate (TEOS),
colloidal silicas or aqueous suspensions thereof, for example Ludox HS-40 sol
available from E.I. du Pont de Nemours, Wilmington, Delaware, silicic acid or any

combination thereof.

Non-limiting examples of aluminum sources include aluminum alkoxides,
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-boehmite,

particularly when producing a silicoaluminophosphate molecular sieve.
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conbi nation thereof. Non-limting exanples of al um num
sources include al um num al koxi des, for exanple

wW@bkwsionse i sopr opoxi de, al um num phosphat e, al RPEI/082004/016362

hydr oxi de, sodi um al um nate, pseudo-boehmte, gibbsite
and alum numtrichloride, or any conbination thereof.

A conveni ent source of alumldumis pseudo-boehnite,
particul arly when producing a silicoal um nophosphate
nol ecul ar sieve.Non-limting exanples of phosphorus
Sour C -tk cHBpRE SOphdifhtde setrétd WHIh G AddThBiklde
phosphorus conpositions, include phosphoricacid,
chygainim-htéphapesspiomh cenpedifieashicludh phpdphtes acdbrganic

C alline or., rpho al um nophosphat e ch a
R EE I B T
%%Mﬁ%}%%ﬁha‘%&%&?a@AlH@KZ%BQéiJhHﬁa_s's_ﬁth Bpéﬁﬁﬁhh&oﬁq &eof. A

particul arly when producing a silicoal um nophosphat e.
Temynznt sgregeitthesphosusge phosphbyic eadymutiaidartyhsbencprodwdimg
el ements .of G qup 15 of the Periodic Table of
E|S§WQEIP§{1HQ?£P§R%€E9- arly nitrogen, phosphorus, arsenic
and antinony. Typical tenplating agents also contain

at | east one al kyl or aryl group, such as an al kyl or
aryl Jieopatingagens ire@endrallpcdfpamdb tinat edrbas elehwents of

a om 1 t.o 8 carbon atons., Preferred tenplating
B LS ar 2 BeiieliC TRblEGE STt RRHcH G GHS RO N
A cfila@ anti bR, CTIALY (AR RAQIRG WBHSRiAfl Geast one alkyl or

conbi nations ther quat ernary anmoni um

endgoupdsuchras an efuybasearyletolyyhavineg fyemner tal 1 0f carbounl atordg b,
where each R js hydrogen or_ a drocar byl or

SEBeRlp i t%§/a%rge%ﬁf8w8- gret ?51 et ing e a Arefepy
A L R e P S B T
compoutelstaed cambinytiomtheras fl rBuitablp quadmainahmdhingr sal t s
t hereof, such as tetranethyl ammoni um conpounds

eemnpaEds pre i ethE bgsamelonele RddTo pipereingb Ri iam
ORI e halth BES RIS IR B ferabily an alky

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

Non-limiting examples of templating agents include tetraalkyl ammonium
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-
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;
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(DPA), tripropylarnine, triethylam ne (TEA),
tri et hanol am ne, piperidine, cyclohexylam ne,

w20 pyri di ne, N, N-di net hyl benzyl am ne, PCT/US2004/016362

N, Ndi et hyl et hanol am ne, di cycl ohexyl am ne,

N, N- di et hyl et hanol am ne, chol i ne,

N, N' - di et hyl pi per azi ne, 14

|, 4-di azabi cycl o(2, 2,2)octane, N, N ,N Ntetranethyl-

(1, 6) hexanedi am ne, N-nethyl di et hanol am ne,

- BB hm Bl AP Al Ene, Wi-TBch¥lankinB S5 b\ Ramine, t-butyl-

3-net hyl - pi peridi he, N-nethyl ¢ycl ohexyl ne,

e, lethypopedicdinmes, pyieroliveid; whd Pymidiizokdongui nucl i di ne,

N, N -di ni ethyl -1, 4-di azabi cycl o( 2, 2,2) octane ion;

di - n- butyl am ne, neopentyl am ne, di-n-pentyl am ne,

i sopr | g1 ] : (= Ta s W a [- S TS

pyrroli ipgge,)ﬂgﬁs E@%s%#ﬁg]gg??rgg%%ﬁg Ezﬁ%ilﬁ%?%tsﬁlecon ’

sjumhinesi-, sandiox phosphomet @npasgionl aml atenipiatimgagsit] isgenerally

al ym num ,  and/or phosphorus- conposition,. and a

{7 51 TARg SRS TR Ao 15»§u51éﬁ-°efr%1rll4¢0i9n Tegampledimp tp fom 2

to 10, such as from4 to 9, for exanple fromb5 to 8.

Generally, the synthesis m xture descri bed above is

seal eddnarailyyvths spithaisdnixtat ddscriped blssvalis yealedden vessel and

zgtggenous ressure, to a tenperature in the range of
YR IBBIGADEOMECT Hagrars PISesues, 1o f dampesatpiedmharaige afoo

02Dl b€ t
b R o B SRR GO RS Brotd SRR BSw ARt
eRBaIcTRIM abdul @25 S 1E223PC asu¥h a8 EehPdbost EHRCIt§ about
ai ded by seeds from another or the same franmework type
MB80¥cul ar sieve. The tinme required to formthe
crystalline product is usually dependent on the
tenperature and can vary fromimedi ately up to

sever g oMe&kBodithéhi, 8R! syMthba8o £ ¥dillak 51@%1 gé&epﬁ r%leéis

fromabout mnutes to around 2 weeks, suc

divou enotherror thet sametfoanadvauk typéindleana,sidver exanpl e from
about 1 hour to about 120 hours. The hydr ot her nal
crystallization nmay be carried out with or w thout
agi t atyiQn: S o L] r

o eve TR BiERreahitid it AT g bR RGERon
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
about 45 minutes to about 240 hours, for example 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
state, it may be recovered by any standard technique 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 dried, such as in air.

One method for crystallization involves producing an aqueous reaction

mixture containing an excess amount of a templating agent, subjecting the mixture
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state, it may be recovered by any standard techni que
well known in the art, for exanple, by

w@emwsoidstigat i onor filtration. The recovered crpGI/EE10041€16362

product may then be washed, such as with water, and
then dried, such as in air. One nethod for
crystallization involves prad8uci ng an agueous reaction
m xture contai ning an excess anmount of a tenplating
agent, subjecting the m xtureto crystallization under

hy gRtNEAABH uhRR Ul &R Emaleshdbhs %&mi%m¢ilmﬁm
between nol ecul ar”si eve formati on and di ssol ution, and
tbiersenmestectlargrieve fempttion lind dissalwigor, eng e remoaingsome of

el AN 03 el B 80 P
ﬁré@@&ﬂ%%vemw ot ScaBIEUTS. ﬁ»uiehm'g .nszgg@%s's}wllcﬂcmg hetein

erence. O her methods for synthesizing nol ecul ar
dhky esoporatatiby sefergnagol ecul ar si eves 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, f - o
our oniORE: HER Sl g Tl o IPHEy S o g et
NbeveSa0aRscEhad (i Ve Patent Noi 3,879,635 &ohiraltingiteatio of h.

TR RN T —
, e K gar i
RS I B PSR WS b

VI9E2, Ta2q @ aithent with diahsitiol) metd)SU. Pdtatemt Nus.. 5,982 )b, and6
%)pol énucl ear aromatjc nodifier), U S . Patent Ng

5> 25 phosmbans P dified S PateniaYo 9 1519 9dgegolith
B Aot P I A Ly T VO

agjohia, 3 BN klecirémhadietio 1Wah0 féficd obmbdified), AU URdter? Blo. B001,746
(silicon oil), Pat ent _Appl.ication Seri al

.U S, | No.
doplypucieoy gramaticgnedifigns U bs Patopido. @®er 3 ¥ haasmgdemalate),

' [ ' ' N /;(ﬁrﬁ 6
fsfiL ﬁg)q 8 ?G'%i%&%@gée t rreb' g?’ail dr?_g 3%@%%"‘?%5 [ negﬁz i ngwt@
QIpIEEs) published Rairign2, 200D (stegddi cottl MNditi Y/ T2 WG 911607 461
Sept ember 28, 2000 (conductive mcrofilter), and U S.
Fpm%hshedp@;gupt&, 12801 Gdidor|oilld].SoBgtes Amplipation Serial No.

09/929,949 filed August 15, 2001 (cooling molecular sieve), U.S. Patent
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 Serial No. 09/754,812
filed January 4, 2001(freeze drying the molecular sieve), which are all herein fully

incorporated by reference.

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

gas, preferably containing oxygen, at any desired concentration at an elevated
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filed January 4, 2001(freeze drying the nolecul ar
sieve), which are all herein fully incorporated by

wo edosnersee. \Where a tenpl ating agent is used iPCT/082004/016362

synthesis of the nolecul ar sieve, any tenplating agent
retained in the product may be renoved after
crystallization by numerous 16el | - known techni ques, for
exanpl e, by cal cination. Calcination involves

contacting the nol ecul ar sieve containing the

bR At G rRE Siittto Bithd} é)@:tﬁtﬂ% or BépIRfeRPleyn o8 MceMpRiing

oxygen, at any desired concentration at an

aketat edt enperature sufficient to either partially or

conpl etely renove the tenplating agent.

Al um nosi licate and silicoal um nophosphate nol ecul ar

si eve\IhavRsRichiR@hd 3illtbAlmSdph6§ihateFhdleéidardi ¥k AMB either a
Al) ratio or alowsilicon to alum numrati o,

thaghesilegon (81)|towlusiinumn (Adkraté or ploxf silic@titofamisnRQatio,

th b I h
TOBepS oy SiaPBEo S RefirGas: ARG TRuSFE L8 wR srmbgaient
! mBHeiRt SclSs aldiA icRss @laﬁl ORB! édcﬁléls sk Yhah @SR, Elan

0.20. I'n another enbodi nent the nolecular sieve has a
Skampleress ithwani 0132 haed partigaladf 1¢ss dran g2l tin@néthet emidsihment the
0. 10, .such as out .0.40 to bo t 0.10, for
Bl S B SR G083 5 AR AT 18 GRS to 2bout 0.10,
@ﬁéﬂ és%rﬂ%a‘utfor AMoaBetlo, b, 3 & ;&ngl%o%mgb&ﬁ 0.32 to about, 0.10,
Hydrotal cite Additive Nat ural ccurring hydrotalmte
iand panticuleriy ffrofroabuait DﬁZrt@hbﬁut@dlSy smal |l quantities in a
limted nunmber of geographical areas, principally, in
Norway and in the Ural Muntains. Natural hydrotalcite
ggargta\{a{é&@hﬁvgonpom tion depending on the |ocation

al hydrotalcite is a hydrated
magne Naturpllpoeommmghyainetalcae onainerat dotrdi inirelgtively small
conmposi tion, .whi ch has been found to have_the typical

&&}h%@ﬁ £ pHinited SpEbenelasogephige Ao arnraely. weyvay and in
U t ar rres(ﬂ%ggh%t ?ﬁﬁgﬁfbﬂ?@ﬁﬁﬁ Eﬁa ﬁ@ar%%% ro%]llﬂo\éltfoﬂliﬁgendmg on
pleniotationen falisonesec d%tﬁral h}fdmtakmmstmhydkate@nﬂgﬁéslml t to

separ at e
aluFr)mnum and carbonate-containing composition, which has been found to have

the typical composition, represented as Mg6A12(OH)16C0O3.4H20. Natural

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 hydrotalcite.

Synthetically produced hydrotalcite can be made to have the same
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.



10

15

20

25

30

the natural hydrotalcite. Synthetically produced
hydrotal cite can be nade to have the sane conposition

w@goosataserl hydrotalcite, or, because of fl exiPCT/U$2004/016362

the synthesis, it can be nmade to have a different
conposi tion by replacing the carbonate anion with

ot her ani ons, such as phospilféte ion. In addition, the
My/ | ratio can be varied to control the basic
properties of the hydrotal cite. A phosphate-nodified

synt het pieosplya- n‘todiﬁEidtsgnthB’dc aycnmsalbas and agrdcta@ By it bedhesis
are _disclosed in ent . 4,883,533. U S.
prsrdisplosgp In Y, %ﬁgtestOd‘? §%3r 6%3esU§ BrtseidNe %319, Hibehsniosega

g SLeQtal Céﬁ%rgﬂr?ﬂrbtblgﬂgl%ﬁ% &H?/cﬁ%%gm%ng an aluminum-containing

un1nu ng conpoun

mgp@mdumtm@ﬁiagnmmg-c@mmg%mﬂbuﬁﬂ e @cﬁi@uﬂ%@dkﬁﬁ@ infhe
the presence of carbonate ion at | east

presencpf exrbonase iop, 23 pH ot dnasics- oE@s gatepﬂ&@ 856, b6

0O oSS DD SRR BT o

e&ﬁp@ﬂdao fa%lﬁp@@ﬁlté/@ﬁ HEuENE 9083C M GciNRePmbiRtacd
magnesi a to an aqueous sol ution containing al um nat e,

adding Hhetastivgier wyme@wp ah eAesous selutisreeontajiningtaluminatee

e of .about ;80 to 100

PSR DAY o R SETRE RS IR rBipBRiTEreg ohf g
RRfpRedtin ofyBERB88IE 106C Br 20 1 | 20 MNRSAS FornSa Hive G4Raed
in US. Patent No. 4,904, 457. The entire discl osure” of

Bighporssity hudrataisite. resisrianpsessds flisclosqddnat. SdPahmtéicn by
c dr cite.co nt ai

p’{%? 51?? ngh%%g% ﬁ@glloflﬁs P& £ oqzl?]eda%vgé erences 18 m%orporated

Bérgiayyakiorgicgani ¢ anions are disclosed in U S. Patent

No. 4,774,212, the entire disclosure of which is

i ncorporated herein by reference. The conpositions are

ani on si um al.um J cite clays havin
larg eﬁﬁﬂf‘”?ag% OO g 8‘?‘81%%‘& TR ke piEATIC an
itk v drd ok dhnRAANERAOMIIbINGH U S GRSl B9955 19Tt
net al droxi des. The conpositions are o orrfu
@nge Aisc%m)a of WhigH iQincorporated herein by reference. The composmons
are anionic magnesium aluminum hydrotalcite clays having large inorganic and/or
organic anions located interstitially between positively charged layers of metal
hydroxides. The compositions are of the formula:

[Mgox Al (OH)4xr4] Yo . ZH,O
where Y is a large organic anion selected from the group consisting of lauryl
sulfate, p-toluenesulfonate, terephthalate, 2,5-dihydroxy-1,4-benzenedisulfonate,
and 1,5-naphthalenedisulfonate or where Y is an anionic polyoxometalate of

vanadium, tungsten or molybdenum. In the above cases, x is from 1.5 to 2.5, n is

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 60pum, composed of

individual platy particles, is disclosed in U.S. Patent No. 5,364,828, the entire
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where Y is a large organic anion selected fromthe
group consisting of lauryl sulfate,

w@2ashusnesul f onat e, terephthal ate, PCT/US2004/016362

2, 5-di hydr oxy-1, 4- benzenedi sul fonate, and
1, 5- napht hal enedi sul fonate or where Y is an anionic
pol yoxonet al ate of vanadi uml8tungsten or nol ybdenum
In the above cases, x is from.5to 2.5, nis 1 or 2
and Zis fromO to 3, except that when Y is
Bfé'cbb@&%%?'ixﬁﬁéf i8 inddrpoRatfd h&BinAS e RAGHE I TAY %Hﬁbf drotalcite
hydrotal cite having a substantiially spheroi dal ape
anpteparedfremagmesysisehitioas ofsohulde eragadsivm amcbalabmutm 8d)tsm
c osed ,of i ndivjdual pl.at articles, i scl.gsed .
n%%eﬂ%?delﬁtar&elarsﬂlg@ éSelnHO.%aP Geifhen pasic
%’ﬂuﬁgn bShthif@r P %a?ttae&ohﬁ)ﬁ@%}&]p&yoffcgfb%ﬁgt@ @fd a-g{llffﬁlefrl9ﬁlﬂ¥>unt
of hydrotalcrte Is prepare rom aqueous solutions o
96 h bhdedo mexdunieisi apH afithcataction urixad inghe vnpe bf from@ abbuteRlS to
in a nolar ratio of fromabout 2.5:1 to 4:1, together
#PH 92-basi ¢ sol ution cont ai ni ng at least a two-fold
excess of carbonate and a sufficient anmpbunt of abase
to maintain a pH of the reaction mxture in the range
of fr Synidbtac/hydotalcite isahmuhelﬁiaﬂiy aByitibhedridcahyfor ot aple,tbe
is commercially available and can, for exarrple be
sbteaicAdE Patol ﬁlggtbw%maﬁnmﬁoagea bl MG78ondea Pur al
M570. Prior to use in the catalyst conposition of the
invention, it maybe desirable to calcine the

hydr ofPaio€ td wsetin tHeaamalydt tdiRpoviicar of thdigivertidny iteait el ned
the material. Suitable calcination conditions

ﬂﬁ%xabkf‘etoaalcmﬁ@? hydsptaloge te regravaibrivatspmbersnily sentaigedby
e Iﬁ%t%ﬁ?la%éﬁt%ﬂ@cg@ﬁﬂ{lo 49(91(&{ s g‘go K t %9’%61% 8%{ ﬁ’gﬁ)lugboglt

ours, suc

BOG‘TCSto dBaues(aCt suchiat &on{EiHROMEITC tbabagido0O fortabotifTeto
%dr otalcite additive, the nolecular sieve catalyst
@

o5 d i honesn sush as fier FbavEhid BeULRROWBs0 i ncl ude a rare
earth nmetal conponent. Suitable rare earth netals
include yttriumand el ements of the Lanthani de or
AGirk Wadlth PREICompdihg, | ncl uding | ant hanum cerium

praseodym um neodym um
In addition to the hydrotalcite additive, the molecular sieve catalyst

composition of the invention can also include a rare earth metal component.
Suitable rare earth metals include yttrium and elements of the Lanthanide or
Actinide series metals, including lanthanum, cerium, praseodymium, neodymium,
samarium, europium, gadolinium, 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,

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.
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samarium europium gadolinium terbium dysprosium
hol mMmum erbium thulium ytterbium lutetium thorium

wap@smoiestur es thereof. Typically the rare eartPCTESZN4/016362

will be selected fromlanthanum yttrium cerium and

m xtures thereof, especially |lanthanum The rare earth

nmet al conponent can be presént in the final catalyst

conposition as the elenmental rare earth netal or nore

preferably, as an oxide of the netal. Catal yst

QoS CéMpositien cat al yst conposition of the invention

I ncl udes any one of the nolecul ar sieves previously

descr e aataiwadrroatp@rs@ptl of thednvsstips iralypdes any epeofdhe t h
nent.. ' ; talyst. ¢ ositig

e SRR iR o BBt S A SR e o

Htd] cBhnpshkiah. a@iéﬂgmlﬁbmgsééb os#idnconbPistin Gkk ﬂ%%e%f

of the nol ecular sieve and in the range of from about

frgmygboy 1@ WA foterabopt it whio, surbrpsdeoni plant 40 6t)o froabeut 6§ wt
60W. % of the.hydrotal cid Jhe t
%o e B e el b HRaRlG T o ARG 8 o ot B

84) ¥udlPdeir &a abbut MBtved % &6 B 604t 1Y, 65 BiathydPJA1618Y8dsed on the
where the cat al 1yst conposition contains a rare earth
(&

tesalayeighyad drremelecwar teveathe hydrot#cite aad amorposrethmetal
t/é(xgi cal ti{ r%sent in the range of fromabout 0.1 wt
ROPUBOUY SR % such as from about 1wt %to about 3
wt % based on the total weight of the nolecul ar
sieve, the hydrotalcite, and rare earth netal
conpolveneaveh, valife thesatalysheonpasitiopsostatsaresi dartbmeatan
contain. a hinder and/or matrix.material to, enhance the
EOL el SeaPE S At M Bptant i B et RUPE e of
FBRYabduE §.8RAY (AR5 SvtthaicRhSHBReHYht 1 Bt 4B 3 wt %,
catal yst conpositions. Non-limting exanples of

based endha totetl weeight o the umoledudareicve, the hydrotalaitet amirare earth

i nclude various types of hydrated alum na, silicas,

St 6P B PRt

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

material to enhance the physical characteristics of the catalyst.

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 various 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
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.
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i norgani ¢ oxide sols. One preferred alum na contai ni ng
sol is alum num chlorhydrol. The inorganic oxide sol

W@ews/0ldske gl ue bi ndi ng the synt hesi zed nol ecuPEr/US2004/016362

sieves and other materials such as the matrix
together, particularly after thermal treatnent. Upon
heating, the inorganic oxi d&sol, preferably having a
| ow viscosity, is converted into an inorganic oxide

bi nder conponent. For exanple, an alumna sol wll
conver, 1aRddngsh

P b R el B e
ahlorile connberd e Ies thecgmeral formylaa{ Aiin@mi( OED) eClprmt(Ei20) on,

RRErT T 0118 20 115 1.5 it § 120G 8. 1 15pnd 11 02 30, T ane
%mBBdﬂﬁ%nt ﬁ(ldérzl O%)lfﬁbébi(@ﬂi%ﬁ%b}_l&l)%&ﬁ@@? %@éomgggﬁ} GM.

bi nder SIS escr
@ NterMéh t@ ahEStud.BurfiiSci. afsd Gdtal. Sifr, pageSdi0s- 1add 1 L) alvhich is

76, . pages 105 144 (1993 ich is_ herein incorporated
byreinsineoraparated By TefrgtISEr }wawgmr FERPAIMSHE 0Bp OBiogs binders are
gblﬁgﬁl ﬁvﬁﬁleon%%& Oendt 1%1&1 Rﬁllﬁll‘%r fes%tf ﬁfmlna tenals
non mting exanp es o m 1ma erla such
ahdhrdsrilumnhysdhediogiele, galainm, bashnhwes Idmspcms, aildetmnentlenal
and transjtional alum nas such as -alum.n

NAFURR 23 0-AIRRR A UEIRg, (AR T 529Nt -na,

I

mgbﬁa,%awgagr@t %imngg%g{ iR f&xg&g g;b%@u@%a%%m
ﬂbﬁkﬂﬁﬁﬁ&t&g&ﬁﬁianmn@mﬁmhéﬁmaﬁbodlnent the binder is
an alum na sol, predom nantly conprising al um num
oxi de, optionally including some silicon h yet another

enbod mﬂbtthertePrﬁ)oﬁirH&ﬁ rtg n@gﬁts aﬁ Eﬂmﬁhy EBI{]%S@% 121 at pti!ye

treating an a suc

\GbihPrisifg akihtnumogidel qﬁicmalaﬁmamddmgt sl?oﬁie sl mmyetmaﬂléf
a hal ogen, to prepare a sol .or alum numion solution.

REYOiENL, ithrybiaderis pentized abgpnemataPy feaiipgianiaina hydrate,
Séh' a%:qg%tdo%eﬁéﬂaﬁeg gﬁ%&?} a{cﬂfqgﬂqura aﬁ%cﬁ‘iﬁﬁ &Es‘h&tac%h&n a

rom Cco ervi

&Qﬁ%&ﬁ@@bmﬁb{%@@w aﬁ/ﬁhﬂnﬁﬁheloﬁlrseﬁmbh ash- 1ﬁﬁllﬂlﬂg examples of
Tec oIo ies, Inc., Ashland, Massachusetts.

Rommer ¢l y wgﬂébaa eplleidal gfurpiag slx ineludsrNalpas 86 Hcavatieble frem
NardS ¥ fent O C?lo(f,t I{Iapervﬂle, Tllinois, and Nyacol AL20DW available from

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-zirconia, silica-titania, silica-alumina and silica-
alumina-thoria. In an embodiment, matrix materials are natural clays such as
those from the families of montmorillonite and kaolin. These natural clays
include 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,



metal oxides including beryllia, quartz, silica or
sols, and m xtures thereof, for exanple

W@ Rlososragnesi a, silica-zirconia, silica-titaPCHDS2004/016362
silica-alumna and silicaalumna- thoria. In an
enbodi nent, matrix materials are natural clays such as
t hose fromthe fanmilies of Abntnorillonite and kaolin.
These natural clays include subbentonites and those
kaolins known as, for exanple, Dixie, MNanmee, Georgia

afich & DPelhy s 1RYSbjebRA b (el khHen xRl a88n foceisBEeEuch as
matri x materials include hal oysite, kaolinite,

diickiation amd{or icidireameniradiar chemitakirepanentx
mat eri al , such as a clay, maybe subjected to well known
modi fi cation processes such as cal cination and/or acid
tr eat NBRdre AXWabilyt BEMpERior ERRIARIbind NIRRT Ikkfrix material,
catal yst conposition contains a binder and/or matrix

5 rit eatalpdt compesiten fipicstly contpios uﬁpnbabouyb%da Iabgut@@%t, aighsas

&iym??“aﬁca%ﬁgk OB AR RS R e T 8VA i by
e }ftkb‘ft%erﬁ&@&ulé?tf 5650 &m@ taBh YR &aﬁ@&tapstt he

t of the catalyst conposition. Were the -
catpbyition. cb}ﬂmstmb |cai1a1ysmm0ﬁmoa chittathe 12 baumdbr andvanraitrix
mat eri a t|o of, the b|n er .to the tri
R4l ety e oF i € e pteidel i RS ERY B 115

10 tt9135 éuctﬁdacﬁo%@ﬁ’fm%h% b¥d pdrRBu1ady from: 6 1Vpsshod of
Makihg The Catalyst Conposition The cat al yst
conposition used herein can be prepared using a
varlety of r[et hods I neral however, naking the
; Qsitig |t|aIIy synt hesi zi ng
the Sitfthchsbl BRI PG atdAS s L5H
si evgel*v]\[/lgt %{agrshédéﬁ%t gﬁhﬂ%se g%ﬁ”poy ti g)ﬁa)coelr‘(]‘”prsfl% ng te of

hyethedsalla géx&rainhbwmﬁee meakdiezsthe eatalyat doatpesitiantchmpeitas|initially
conmponent . Conbi ni ng the nol ecul ar, si eve with a

15 AN .ﬂteénel@%afsﬁlweoa@d TReOCORPENPE Hig PoISEHMIRE Wih 2
f
ﬁl&&f@é@%’céﬁ?c{% g{gﬁr(r)rr)lg:foﬁ??ﬁm @@%@tﬁlcﬁ axE v@{ége &J%Ered arare

Sdatth fyetal feofmpexanp Cenibmlﬁg‘tﬂe@mcdemldrlsldvg ,Wltha Mdbdulcﬂe a
substantially haono eneous m xture and then drying the
[FORIPQFIEoN P&ﬁ?nl"?fﬁ?ltt ahpY Eumgng aslperyBf télem}fﬁ 4 sieve

'a%ﬁ ltﬁ'edk%fdg&glcﬁé c@mposmon in a liquid, mixing the slurry, for example by

20  colloid milling, to produce a substantially homogeneous mixture and then drying

the mixture. Non-limiting 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,
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conmbi nati on of water, al cohol, ketones, al dehydes,
and/ or esters. The nost preferred liquid is water.

wab@se1ashe hydrotal cite conmposition contai ns aPCHDS2004/016362

earth nmetal conponent, it is conveniently produced by
di ssolving a rare earth conmpound in a solvent, such as
wat er, combining the resultdAt solution with the
hydrotaIC|te either by inpregnation or slurry mxing
and then drying the resultant m xture. Suitable rare

QAHBs, Bl at OB R1EE HoratBE; baBBn R6E hitfls, cdiBblyles and
oxi des, oxyhaildes hydrOX|des sul fi des, sulfonates,

hmxttﬂ@stherb@ﬁ ates, carbonates, nitrates, carboxylates
and m xtures thereof. Wher e the catalyst conposi tion
contains a matri x and/ or binder, the nolecul ar sieve

'S Corvve&eﬁ{étdam sﬂb&h éltYorf&ihEEﬂﬁsaé Ritrixnd/cR bRfeR kNSt
precursor with ri x and/ or binder and

mycd eavl 2| stsive és mnpusmtty ipitially formaratedimie aeafalybitivequnzor with
f | at e nmbodi t h I I

SR gL PR Sy e Tk AR OB G
%ﬁﬁhlﬁe@bfégﬁﬂ'ser ah@né eﬂatabat%énwm&matebm&ugagvet &rﬁ;%moﬁ and

sfurry anhd then mxed, such as by col mlling, to
pineomianmm raatsiid serivnakhy Wyth dmmdpe rree c&mbm&d wnth adpwidaforforig a

ST PE TP g REE of REFOE BEnGr 0BG P RACHGHADY
‘P@ﬁt%@@ne%h§81'?}8hlve Jﬁﬁfaﬁﬁﬁg the@h S8 AS ove %Bﬁ%@ﬁu@&t ﬁBﬁ-hmI’ﬂﬁg

nost “preferred liquidTs water. The resultant catalyst
caappies bf suitablediquitsindiedd aremed donfbinatisn bfivatshadediobnd

zed p wel | -known te hnl ues such as spray
Fry Ao s 18 B S D PSP PREETOnce. t he

nDIecuIar sieve catal yst conposition is fornmed in a
substantially dry or dried state, to further harden
and/ oTha crtsiui/tattt@atalwt émnpmsiiiomadaaltlgmtbed‘onp@himd mm;ﬁll ahaped

e
SRR BT S ch s from about m588°<”:t t ﬁogbocui "800
C such as from

Once the molecular sieve catalyst composition is formed in a substantially
dry or dried state, to further harden and/or activate the formed catalyst
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

(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

compounds, preferably oxygenates, to olefins and the conversion of a feedstock
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about 550C to about 700 C. Typical calcination
environnents are air (which may include a snmall anpunt

w@bood@atesel vapor), nitrogen, helium flue gas PCT/US2004/016362

(combustion product |ean in oxygen), or any

conbi nation thereof. Process For Using the Ml ecul ar

Si eve Catal yst Conpositions23he catal yst conpositions
descri bed above are useful in a variety of processes

i ncluding the conversion of a feedstock containing one
Hc1BAE oA bithalel kySSRARE YA Smnidn@f BfAIkY ANHSCHASRSculdr0
ol efi nd and the conversion of a feedstockinclu i ng one
oretimdareinexygenat es and ammoni a into al kyl amines, in
particul ar nethyl arnines. The nost preferred process
of the invention is a process directed to the

Conv ek hhsPhredliredl prit2ad biGht BRLRHALHK alRoQBEdIREctéMbehe
ol efm(s). Typically, the feedstock contains one or
wonersibn phat aliphetin feaiistocktocnrpomeds olsfins).t Faticallyethe

liphati Di et tak. f 1t bout 50 b
Teaghieck coptfins 6nd pighoe Aighasts-coBuiE sPmRRn B speichatibe o
farigﬁeti% thQethQLofAIRAForAt 8 BborR B cBidoh foMsabhct &M 1t 90
4 carbon atons. Non-limting exanples of

ahibph atdngs; éarexainpierftpne & ip 0 nakbon avimsdendaparotrdirty SomH to 4

as net hanol and ethanol, al kyl nercaptans such as
RPPIRS capt an and et hyl nercaptan, alkyl sul fides

such as nethyl sulfide, alkylam nes such as

nmet hyl am ne, al kyl ethers such as dinethyl ether,

di et hNomelil#&ingandmpies by blgihatit-centhming @nipounésinciids

thyl chlorid d ethyl chloride, al
RLobAE Sudtshebi it HpetelabHaerseptamh e
. . i . _
ARG, B S BT, ARG RS sfch B AR Blylamines
fseddat metkylamiea btkgl ethes suchrmrdimethybethat disthyhether and

I OGRS R

. ; g . t he..
B S POl R BEEE S s P o i
acid.

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

alcohols and their unsaturated counterparts.

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

propanol, isopropanol, methyl ethyl ether, dimethyl ether, diethyl ether, di-
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nore al cohol (s), preferably aliphatic al cohol (s) where
the aliphatic noiety of the al cohol(s) has from1l to

wQ@oosatdsen at ons, preferably from1 to 10 car bpCI/E80%016362

and nost preferably from1l to 4 carbon atons. The

al cohol s useful as feedstock in the process of the

i nvention include | ower straf#ght and branched chain

al i phatic al cohols and their unsaturated counterparts.
Non-limting exanples of oxygenates include nethano
Sgoﬁeﬁ{]ﬁ! ethQIp NRhydd, ABRE Hﬁ%ﬁﬂ)'onat@e&mélthﬁkwhe QEARS a01d

yl dlethyl t di i sopr opyl et her,

hndnHMMﬂmymﬁﬁoﬁlnEthyl car bonat e, di et hyl ketone
acetic acid, and m xtures thereof. In the nost
preferred enbodi nent, the feedstock is selected from
one or oéif rdtei odirbieie feeddiol® i belecfldHEIm one or
dlethy er or a conbi nation thereof, nore

i@t ef ﬁiethanm;‘ tihamgl] diarethyd thet, ldidthyé ether or aceinbmostion thereof,
pr ef er abl rious feedstocks. dis ussed
250 grefs fraglww 0 9“‘%1‘-{1 S 15K 26 FROSH BiFfrepbbmethanol
oxygenate, nore particularly a feedstock containing an
al cohol, is converted primarily into one or nore

ol ef MBhk.vafibes fabdstodks d)scisediaimed, partienldriyea feedststkock

typically have from2 to 30 car ons, . prefera
{CONBIRg HoPKEEBHES, MoRs partishisrlye Bﬁ"{}m?}(t%mémé%% %bﬂco%0¥ is

SR ST R SR anhops, atmnens

Cfaédato)tﬁltylﬁmpoﬁw from ;ofo Ioharbomvetorhs @meﬂembnaz tol Sedrlsor y
useful in the grocess that is geperally referred t?lo

tafEmy aROre prederably Asto Carrypenpiosee S4ll gora piedrably e |4>¢
A

nmet hanol - cont ai ni ng feedstock, is converted in the
presence of a nolecular sieve catal yst conpositi.on

i nto Ol cafalypbpemppsitiop af)ihe yvertimgp pyrtigplgrly useful in the
gpggdo%ﬁgg%era § PRS0 A0 B Uas RS BRELERETONBIIRGS Pe

osition Ven
GORMRLISEIPNNO nethahrRSs1efds, (MTOf ﬁb@&by hathiRrdsdse ek
contai ni ng one or nore OX%/genat es, the_ anount
oxygenated feedstock, most preferably a methanol-containing feedstock, is

converted in the presence of a molecular sieve catalyst composition into one or

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

Using the catalyst composition of the invention for the conversion of a
feedstock, preferably a feedstock containing one or more oxygenates, the amount
of olefin(s) produced based on the total weight of hydrocarbon produced is
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

ethylene produced in weight percent based on the total weight of hydrocarbon
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of olefin(s) produced based on the total weight of
hydr ocar bon produced is typically greater than 50

percent, such as greater than 70 wei ght percent.

Mor eover, the amount of ethylene and/or propyl ene
produced based on the total 2&i ght of hydrocarbon
product produced is typically greater than 40 wei ght
percent, such as greater than 50 wei ght percent, for

. vai I
AR SREAL ROl RRANELATZ0 R Broct Rch TS gt M
t 3ewtighigpervent. ghit additidny theaomubbofiprogidate produied détweight
typically greater than 20 wei ght percent, such as,

giesesnbpased an thptolpd skaht gEhydeearbnypry tiomslﬁ,ceq i§&ypically
. . y
R R S SRR B RS e

typically greater than 30 wei ght percent, such as
greater than 40 weight percent. In addition Lo t he

oxy genaaddtioR? therfxyg OB ORERInEHHEI2S n%eiq@mf’ desstesrdstock
g'@%yegog]@%igé Oe &r}ﬁor%rdilﬁ&ﬂfs&%’%gﬁ %Eg%é%rgfgf h@?—l‘&%ﬁve to,the

non-reactive nol ecul ar

Sfieedstook @l aol&dulaaigve sathiystconpodsitior ahy predghicilyussed td &duce
reduce the concentration of the feedstock.

k
NBR cprasnirating hlbnfneddods Nen-lsting exaeplrgof Rdpenininclude
o0 BEhAE D SRR RRRRL e StRel e LBty on

alek@ive patuifififs @Spottipanenesdubnaemethade, remﬁa,rw:)i,pr%pane),
essentially non-reactive aromatic co_ngqc;unds, an
ngsfentie B nemeqagiye arpRatippernpnds.cind s x dires thereaf. aFhe most

R A T

either in aliquid or a vapor form or a conbination
thereof. The diluent may be either added directly to
t he f eBesdibskrt, &ntexpmply watele ey de vsed cthgeth aligwe of § verer

the reactor.,. or ded. wi,t h,.t he mol.ecul,ar sj eve

clif G RipBloneRSt s Wbl GroBladief gy o e
CreBlusok s M8 reactbrtls alddtioErfly IR eERtdH GSaddSUGh Ase
in the range of from about 200C to about 1000 C, for

exalepiler fievermatalyst comBesit®™ 0 about 800 C, incl uding
from about 250 C to about 750 C,

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 800°C, including from about 250°C to about 750 °C,
conveniently from about 300°C to about 650°C, typically from about 350°C to

about 600°C and particularly from about 350°C to about 550°C.

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 5 kPaa to about 1
MPaa , and conveniently from about 20 kPaa to about 500 kPaa.

for exanple greater than 60 weCT82004/016362
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wW@bwan16330 C to about 550 C. Sinmlarly,

conveniently from about 300 C to about 650C, typically
from about 350C to about 600 C and particularly from

t he prEGEIN$2004/016362
process can be conducted over a w de range of
pressures including autogenous pressure. Typically the
partial pressure of the feed&tock exclusive of any

di luent therein enployed in the process is in the
range of from about 0.1 kPaa to about 5 MPaa, such as
from gipgsfeight kbady gpac@baa&itﬂ%wvﬁw%, deBined GOME bt BREILNt of
from about 20 kPaa 't o about” 500 kPaa. The wei ght hourly
Spalsiock exdadiny afvEBEn{s e hduragr wsighhef moteahlansieyshin thé

RShet Bttt Sol e bR Bt BB S b
Ly @ﬁﬁgiﬂ t 5 ANYES @ BDOPRYL, £or Hambid ﬁoﬁba%%t 5&0@;&5150&

suc rom about 2 hr-1 to about 3000 hr-1, fo
dsaorpt-&, dndaonadndentlySrdm atlout d0&bduo ab&00 000 ht-]1. Imohe

TR AT RS A0 6 B R
e@oﬁ SROG cﬁﬁlﬁth%fpgﬁ@ﬂ, 0\Sin TRd RARObE M/agéut@O'Tﬁtlg%laBout 300

et I's In the'range of fromabout 20 hr-1 to about
3Q. hr-1. Where the process is conducted in a
fluidized bed, the superficial gas velocity (SGV) of
the feedstock including diluent and reaction products

wi t hi Ryf e e se;&,g isscm&{féd AndeRarba 6et, [d spWrichii fa

riser reactor(s), Is at least 0.1 neter per secon

(velstty [SG¥ofthafeegstealt arciudipnditiebt andseactios pedrvats within the

greater than 1 m sec, for. exanple greater th 2
HPACERS SYRLEF A R G WD 2 SREIToQiOPa St eaS. | Mter per

o33 [ Rorbfdng, 0 366 SRR | oS f
B R e R Tl R B 5e5 F g Pheg R R el for
Nexapleetedber tRA0DM/swhj @verdedtbr greater thawd posat adl dypically
reference, The Erocess of the inventi?n is . .

EsrriE i pyseeonetitr sgamrle b batent e ipatisnessial ¥p. nore
t o e e [
R s BE B8, 3600, R ARSIt e ke frence
bed process, and particularly a continuous high
velocity fluidized, bed process.

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

high velocity fluidized bed process.

The process can take place in a variety of catalytic reactors such as hybrid
reactors that have a dense bed or fixed bed reaction zones and/or fast fluidized bed
reaction zones coupled together, circulating fluidized bed reactors, riser reactors,
and the like. Suitable conventional reactor types are described in for example U.S.
Patent No. 4,076,796, U.S. Patent No. 6,287,522 (dual riser), and Fluidization
Engineering, D. Kunii and O. Levenspiel, Robert E. Krieger Publishing Company,
New York, New York 1977, which are all herein fully incorporated by reference.
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reacti on zones coupl ed together, circulating fluidized
bed reactors, riser reactors, and the like. Suitable
conventional reactor types a7 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 i el . Krj . ] .
publ o8 e KECRTRBICE wre P Rabroly eebiyB98Escriped jn Biser
ak bache) Binfifaioh ¥ind FRed-PeftrleSlstyns, phek @8ee5TBA. Zenz and
preferred reactor t%pes are riser reactors generall

dedt Atlyae, Renimld Bub GerportigndNewYiosk 1948 and U.S. Patent

Rl;ui j e R.A: . Zen n
[}LIE“ éj gfﬁﬁnéoj &%gﬁ%dg%egf%ﬁi 6%%5 i g§ (%g‘pﬁoa?%]tt iA(g) R }lc%ieovl\llzs\?o a ﬂl,\lo.
109964, 60nfildd BayPR0E00 (Dakipf r1ePred&idr)( vatthakd all Bérg@dully
bed reactor), and U S. Patent Application Serial No.

Ooroparagedity relragg- 4, 2000 (nultiple riser reactor),
which are all herein fully incorporated by reference.
In one practical enbodinent, the process is conducted

as a finWndipRMcilesthtHIuaaeH Sthe brdebd!ls ¥alduetet Ws b ifuidieaestd
bed process uti i zi ng a react or SySt em a regeneration

sprecesionhighaelosiiy fvrdjzedybed pracesigHizings isedessysiva, a
reactor. system vxgulrdc %onvsenti ently include a fluid bed
rggﬁqefaarlOg}fg? &MhaRaGi ﬁgo SHYPSY reaction zone within one
or nore riser reactor(s) and a second reaction zone
within at | east one disengagi ng vessel, typically

conpr i kistgh @ process thereactoy systame wouldreopmenientlyduélndna fluid

VBB sl ] BB R SIS agagtetor(s)
RSl set GRORhARIN Z0RE levﬁtﬁ{raah%as@&m Bsdighgng Ossl %»ti;???y .

oxygenates, optionally with one or nore dil
f aunprsingeneamenaye cyaoness iisene enplmtimerftstheiont or wioretisea

CETTERE e T T
beie B9 feb it QA PEEat19 chRNSinidSéie Ir et Qf(ﬁg%}late%rbgtionaﬂ with

nol ecul ar sieve catal yst conposition or coked version
t drererofiore diloant@shcs fed tothichore dringpre diser reactor(s) into which a

molecular sieve catalyst composition or coked version thereof is introduced. In
one embodiment, prior to being introduced to the riser reactor(s), the molecular
sieve catalyst composition or coked version thereof is contacted with a liquid,
preferably water or methanol, and/or a gas, for example, an inert gas such as

nitrogen.

In an embodiment, the amount of fresh feedstock fed as a liquid and/or a
vapor to the reactor system is in the range of from 0.1 weight percent to about 85
weight percent, such as from about 1 weight percent to about 75 weight percent,
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
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preferably water or nethanol, and/or a gas, for
exanpl e, an inert gas such as nitrogen. In an

liquid and/or a vapor to the reactor systemis in the
range of from O. weight percent to about 85 wei ght
percent, such as from about 28 wei ght percent to about
75 wei ght percent, nore typically from about 5 wei ght
percent to about 65 wei ght percent based on the total

[
e S R oo B e ARSI, HUAE) confan varying
lpeopdrgomssarfehe exmposidifferant foedshls wathtthe senveaorydifigrent diluents.
proportions of the sanme or different feedstocks with
the same or different diluents. The feedstock entering
the r
or Ul T oy s R b (B e Ry coh il oty
eir filillye i thelfatt reat@rzont heo d |gs®ngagﬁﬂmgnt\thasaatersaﬂhe dipengaging

t he coked c t al yst 03|t|on ht referred )
SiRphRiBg It é%?@ﬁéegt ya?@naﬂ%moaegﬂ Hegisterred gmbodiment,

Sy BRSRPRERr AT R IRl PEesE Sl Bodhed |
@atalyst eorop@ition Bom he guseouts REflking enrgaiginggne es swie olefin(s)

Al t hough_ cycl anes are preferre gravity effects
AR e Heengrein ye§Pingrlthough chg%ﬁ?sgresmfe foaretbomay s tects

SRR S SO0 LA s Bipposion

cleos disd ‘gdsevusfeffuant. NGthgamethods &frfsbpeeating the baxaﬂgsttcbmpugeon
of plates, caps, elbows, and the Iike.

thenamseous ehiicat wehga diange pEBSES, FaREH qlﬂa%s gnd the like.

stripping zone, typically in a |ower portion of the
di sengagi ng vessel h the stripping zone the coked

cat al yiatone efbodintengthd dis@@agiag vedeMntlndes Qasipping zone,
preferably one or a conbination of steam nethane,

dapiBaly @i s0fweEDoTEan phie $iRBIARE VYl BYibs StBPIETons the
SAReT AP LE P R uPL Rl S

Cdbﬁ’ﬁlﬁﬁdtioh% steB@l methahd)@Brbon Tdidxifcw; eslbb®nidAxide, hydrogen, or
regenerati on system The coked cat al yst cor&positi on is
&

véntthelt gesnsubh enfnghe rielsuhateany 19 é@@@?f adsorbed hydrocarbons

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

system.

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

conditions of temperature, pressure and residence time.

Non-limiting examples of suitable regeneration media include one or more
of oxygen, 03, SO3, N20, NO, NO2, N205, air, air diluted with nitrogen or
carbon dioxide, oxygen and water (U.S. Patent No. 6,245,7 03), carbon monoxide

t he amount of fresh feedstock fedP@EUS2004/016362
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regeneration nmedium preferably a gas containing
oxygen, under conventional regeneration conditions of
tenperature, pressure and ré8idence tine. Non-limting
exanpl es of suitable regeneration nedia include one or
nore of oxygen, 03, SO3, N2O, NO NO2, N2Cb, air, air
g Bt SlebRnela S LSRN, Hipse CHIERDBaing
rsoke Ko ohethn dédload datatlyso gemposBinnt pielfeably geataval fessthan 0.5

diti h b b i ke.f h
SEE Resent gt e e bt giiar Sl eET Y SRehEC
gcﬁmo&ig%%gg% Hf%erégé?l@fatigﬂ§fs‘§earﬁ.nF&h&a}@q@!thé’l%g&mati%ﬁ

€°Co ar-sieve catal yst conposition
eaihpéraige inag be eyt esmiciod froayztoah200PAr to ekamtpi560°C, sech as

rege t t t be in_th f
TEouAbEB000G b 4Dl RS0 EETEHRIA Begt Feh o 608

t t . :

T Rty B PSS C [OTIPEE The $inGinfch pegiehe
negeReaht pimgp beRemradonesossid (108 kPax)an gbourf500 peim(3dsiut

15 psia (103 kPaa) to about 500 psia (3448 kP h
3 ehY veasctnm 5o D BIETSH KPHAIS ToURRILES IR ED.

BGiin T rd i Y 2D ARk 0 5 (opd KPS 1O
adoRvEniGRyPEéma 2620 BOKRRAROT RPE) 0oItbdid 6P pia (4 ValkPaPaa) .

The residence tinme of the catal yst conposition in the
regenerator may be in the range of from about one

R e e e

B8 eRee af oM Hdst Symbetd 1B stVgaltmnge swh o fom aftibne
0.01 nol e percent to about 5 nole percent based on the

twirae tol00rmeingfes. e thrnsolump of pryash Ay thsmegssREtPR sptiRay De
gﬁgﬁ%fahg% I{)P §?1§1tea%ﬁ%tl OS 0 larglf)ﬁ%%tr&?lﬁ {ﬁ a%opﬁgﬁqtrogeo rodhlf aégﬁ oftthe

nperat ure” w nerati
sm&gemuhge(gqﬁég@lled by various techniques in the art

i ncluding feeding a cooled gas to the regenerator

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

herein fully incorporated by reference.
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regenerated catal yst conposition fromthe regeneration
system and passing it through a catalyst cooler to
forma cool ed regenerated catll yst conposition. The
catal yst cooler, in an enbodi nent, is a heat exchanger
that is located either internal or external to the
regenetid jo8thPMed BithlysEddBpoTRbR Q5B dfaNn PHE RS leBhefation
regenerati on systemare disclosed in U S. Patent No.
65y20, piderpblyritano kchtalyshavioktr Lis edmbinkd shithi sfréshrmeelacular sieve
full.Ly incorporated by reference. The regener ated -
ST SO BN L ) FrreCHAIS G Pk S HE cHEar EraRasBien
SM&&%G&%&%&%@'@ Yredi! QNP LIGHHE| M8 retbRRY 88 thelrftefRIRLAS In
with a fresh nol ecul ar sieve catal yst conmposition
aom amnbaden enty the lregeadrated| ceaitylsbconspositmnoritlalryst from the
conposi tion and/ or feedstock and/or fresh gas o
| g eRErion Sxefemdp frtwa fohe Hscr TP diteeiby gﬁwﬁlﬁ 2§rle
| Iy GIBORE. Ak @l L el
TR Mrnha 4 M AUSDRE Th R RE Ll &) af PR Mt Riogk yapor
t dteant bsthe likeantybd sieddienaebhimuopskyfor cadtinnoadly o facilitate the
passi ng. t hrough a ca%ﬁl ¥ajt cooler. A carrier, such as
2AUPHRLEN 94 $he TPEER L A4 SPP At Rehioghe Ta96M0F FYSEM.mmy
bz ' onti nuously, to
ggggfﬁg%Féﬁ?h%g?ﬁ%?%ﬁ%%f#%ﬂ8g$fthe regener at ed
catal yst conposition to the reactor system preferably

to the_one or_nore ri setr reactor(s). By controlling
the fIBwneyrrallis Fhéé.@ﬁ’e‘? dheteeenaralpy satalydRoBwiositign opgooled
%8&&%&?8&51?&%&%0&%&!&éﬁ{th& Péggﬁérhﬁéno b PR th O feactor
regeneration’systemto the reactor system the op?lnum
| s, dfe apoigauno tevehef ookt en theaholstiaesi®atoataysst composition
conposi tion ent eri,ng the reactor is maintained. There

afrécTingripe reastontguastansd. dbmterass MRy tehaianesdr emteplling the

Cc I .1 i i I e

g P L
T athtiquéy iGhanlang FKndivwed Beds, Sdse, ABdag kh@€Knd®@fdn, eds.,
(336-337), which is herein incorporated by reference.

Blaekir A9 3333 ReWhishas haeindesappasnier bk refewnpeasur ed
by wi t hdraw ng the

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

weight of the molecular sieve.

The gaseous effluent is withdrawn from the disengaging system and is

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



catal yst conposition fromthe conversion process and
determning its carbon content. Typical |evels of coke
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regeneration, are in the range of from0.01 wei ght
percent to about wei ght percent, such as from about
0.1 weight percent to about 310 wei ght percent, for
exanpl e from about 0.2 weight percent to about 5
wei ght percent, and conveniently from about 0.3 wei ght
PRE A cslad 30U (R ANlsoRESE QBhuaRAS BLARL) LATpWEH A
of thgﬁersm [ ecu arCS| evél Tsre]e gagégoﬁs %? | g;?]t (?g
wolehnlis afsomfthe pasebes efflsengBgeovgrsyysteam gnetallﬁ cmapﬁ&cbne or
t hrough a recovery system There are many
rECBRA A LoBIhRAinR of 8&%%8&6%@3% %é%%ﬂe%gn ﬂra@lst&}aéwn

I f léﬁgt 3 gﬁﬁﬁ )
?@gfr#f ‘léﬂré’gg%%@é%%%é‘%f% ecovery sblsl%/éégrr]%hg{éner ?S
conpufhctereqeS. Aatem Ne. 6476 9T )rdnid ndidr dearivitive proeskes such as
separat i fractionation and/or distillation tower

cfehAes. keiopes angester a}antﬂ»aaﬁurfs@ 5 AN ST LHD). Sug Riher
25,004 RIER, FRUAAEE B o BBt ol Dy

atefiédeyaling, sykteino oe shianﬂmﬁstc&npreantst Radoltrent dkhngs oﬁﬁﬁ@ nt

No. 5,675 041) and ot her associ ated equi pnent, for

e&%ﬂﬁiém¥ ili¥gs condensers, heat exchangers,

refrlgeratlon systens or chill trains, conpressors,

knock-out drunms or pots, punps, and the |ike.

Non- | i Rohlifgtiex exmpimes ¢ffthdso eseers,wolinsns, Sl tteisr, trams used

splitters or trains used alone or in conbi nati o

| Hengerdn spabatipn insluse oge qemernel Cieémethqén@mra%rapbaa high
e a

gfg%extaﬁﬂp ﬁél%gt'ﬁgl%zgr Eﬁ{a %ﬁlﬂh&%{, ta él?{pr(ag? e%&l 'Q{Ntza&{ tow?r often

opanrl zZer, red {o as a

CRBStedo Was badsﬁWaslanﬁJe@ andfbeqeRACcH awedr, ab@@ﬁ)@fsbﬁfsﬁrbers
adsor bers, nenbranes, ethylene litte

pRemYIaass cihBnc£EP) wiiser, PEwpyime ((%@phgsn bme@@ (Chrplitiere
I|k heYEr'OUS recovery systens useful for recovering
pre on1nant|y ol efm(s), preferably light olefin(s)
such as ethyl ene, propyl ene and/ or butene, are

descri bed _
Various recovery systems useful for recovering predominantly olefin(s),

preferably light olefin(s) such as ethylene, propylene and/or butene, are described
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
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.
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in US. Patent No. 5,960,643 (secondary rich ethyl ene
strean), U S. Patent Nos. 5,019, 143, 5,452,581 and

5,672,197 (pressure dependent adsorbents), U S. Patent.
No. 6,069, 288 (hydrogen renoval), U S. Patent No.
5,904,880 (recovered nethandl to hydrogen and carbon

di oxi de in one step), U S. Patent No. 5,927,063
(recovered nethanol to gas turbine power plant), and

U. S (.

U s petinendandt Cipafmdtt Rl he BaRiIon ol

Sfdettstcfckaohﬂaﬁmag denr,mare d)xygeﬁate?atte Dlefibgs), i6isX0ED®At the life
ressure sw ng adsorption), which are %@(l her ei n

fqﬂtheycqtﬂxssrlwpapw as\ropmpEaritha eiilay catplstvgthouy the
SO S, I B IS g 0
aJaedlysn 6Sthe 1111\Ient16n stsw mﬁsﬁ 5(1% shhle ad atfleasot O(’I"/G,efoﬁ a:t@hpls it least
is inmproved as_conpare imlar cata

W00 @reatan s fhiftad élllctwvéysa a\aﬁhp}l\/@e hydrgtalaite) a)¢d1t1t"ﬁe

i nprovenent is such that the |life of the catal yst of

the invention is at |east 50% such as at |east 100%
for expimdatlnt coapssitidDderilgadrtan cirhalso bdvaded ¢i tHehe

catal yst wthout the hydrotalcite additive. The

caemifgdtreof ﬁlﬁféf@mm@n ugiag 2 feedatacihmebidmeammenia én pdditienie
oxgéen%te@a %ﬁ(ﬁ@% N 519 abge o(h’%gée%@s NS des&% %If & gf gé)): Kl

ng a o oxy ena

%1dSHU@ma®erﬁmce,SSE,s9are descri bed |n EP O 993 867
Al, and in U S Patent No. 6,153,798. The invention
will now be nore particularly described with reference

}E;()a:rg Exan%{/‘%ﬁﬁveg%g% fod! lﬁnﬁ’cﬁ{a%]%éf" gc%b%%{ I%Perence to

desERShAlkel, aﬁdzhmiaqrpmraee@d%@hew 4 parts of an 85%
sol ution of H3PO4. 103 parts of water were used to

rinse the container. To this diluted solution were
ded 1 f X AS40 and 2.1 parts of water
éd%@%‘?sﬁs E(Wgont ainer. Then 416.7 parts of
a 35%’?(9165.5 paxt0df dbEdmhlized 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

used to rinse the container. Then 416.7 parts of a 35% solution of TEAOH

(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 obtained, whereafter the container

was rinsed with 4.1 parts of water. -

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
material overnight at 120°C, 21.3wt% (based on the initial intake) of solids were

U. S. Pat ent PCT/US2004/016362
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(tetraet hyl ammoni um hydroxi de) were added and 24.8
parts of rinse water were used to rinse the container.
SB wer e aPdBUSZN€016362
m xed until a honbgeneous n xture was obtained,
whereafter the container was rinsed with 4.1 parts of
wat er. The resul tant honogen¥bus m xture was
crystallized in a stirred autoclave with stirring rate
of 50 rpm The autoclave was heated in 12.5 hours to

1 : o
opaeral ARt} plleril Bl BETRALRLSTRL kphippR ¢St C for
c5 hetira) olloseé by eit oxleinatobiorddwnisg 650tC dryi ng. After
drying the material overnight at 120 C 21. 3wm % ( based
on the initial intake) of solids wererecovered. The

r r Vﬁﬁ%’@.’ cined first in nitrogen
a?§%éhﬁgfor lgzhgmls PF‘%\%& by air calcination for
3 hour 6.2a1grud6F lanthuaum laeette vaMdis2omted n 1.amodidetiediedd e

0.23 gram of | anthanum acetate was di ssolved in 1.9nl
ofvaige arildoﬁhp Feyltpgselution gvag pddsderopwisgo Ll It §ram afas

I
s%%lgglmggtg Rs %ﬁe{l 8&% a%% ﬁllg%ﬁﬂlégﬁ arﬁﬁg ra t(%agé%g%r% rG7 0
Msperifis El&feicé azaiin RO a2/ @nen The ﬁed’t@d Bydotlcitd hes drie@heshoC
h drotalcite was dried at 50 C for 1 hour under vacuum

1ihoanurdsr ¥aiaen aud then cdeingbip a #t$50%C g dripury, 2
gram of the La-inpregnated hydrotalcite was m xed with
0.36 gramof the calcined EMM2 from Exanple 1 and the

resul t @tgranbathyJia-ingseeMadtgtiotaltife ¥HemBeawELS). 96 g@in of
net hanol to olefins in a fixed bed reactor equippe

voiht3 walaﬁleé ﬁM%% Q%Ewni%ta@@ ﬂ@rmsmt@nt qytaém ®tas evaluated in

273
gﬁxge‘f‘s 0 Fﬂ&@%ﬁd%ﬁg%{ Eélé g 4&:@?{ actt%r’sqqumpgg vgth(an on-
mm@;s Ichﬁiﬂndtcﬁgraiﬁbfoe phodobi a(ilaly@iss Ths RVoriditeonk Seeié h§0°c 25
obtalned with a cogarat ive test using 0.36 gram of

Enig 27311 88e) andder sHimregdivdif theoest. arersuphrgarized in Table 1
nch)éf’so sEows gle %é%tg obtained with a comparative test using 0.36 gram of

EMM-2 alone under the same conditions.

Table 1
Catalyst EMM-2 EMM-2 +
La/Hydrotalcite
Co= (wt% of product) 353 323
Cs= (wt% of product) 41.0 43.7
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
propylene selectivity was substantially unaffected. The catalyst life is defined as

the total amount of methanol converted in grams per gram of EMM-2
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wQ@ 200307620 Catal yst Life 20.7 72.3 It

La/Hydrotalcite C = (W% of product) 35.3 32.3 C =
(wt % of product) 41.0 43.7 C =+ C = (wm % of product)

Table 1 that the addition of the La/hydrotalcite to
the EMM 2 increased the |life of the catalyst and al so
i ncreased its propyl ene sel 8ttt vi ty at the expense of
its ethylene selectivity. The total ethylene plus
propyl ene selectivity was substantially unaffected.

Hianjié 3] Byhtlleskof iGe APOLNRIB Bitefdiowtipt al anmount of

nmet hanol converted in grans per gram of EMM 2. Exanpl e

3: SyAilReztms of HEROARR WNwe dilwtesryitlodd-h spamBofyteainnized

R AR e L B B, L A
Geug b a0 1d/§famé\fot FTEAO (3834) Wérs a8 ddropRise 49iht s8hAeR, Of

TEACH (35% were added dropwi se to the sol ution,
whereafitt B1.9 grng ofiGGondenPurgbhi evereadda agBmiredeurdidded

ABing B Bie M ienf TR i kLR e Pan R aoped t

B0 SEMIdsS SRk AU PHANE nRRE VA UNORiORsiB0 2 B¥ES The
i nside a oven. The autoclave was rotated at 60 rpm

whiiobleve was miaied el ipenwbile the d®ehvas bedtedim & lnows from room

IR IS Eed Renabs SRPenfice Fota® hely rafer
Pr3dbd fahé félbl;ﬁgﬁﬁ ge{a\!goow@@ GlrerpRw BRI \%Bdwgsrhis@ dnd

18.9 wt% of solid yield was recovered after dryin
dvied.ni YRt ofEaBd yiekhwasEts Crial aiter datingoedrnighteat 120°C.

i nt w h mater al 90: 10 The fj

R I CH L ot e Pveesd plpraoTogaterial vest: 1 The na
‘i It | -.650

o T L& oy AP R o8 oy

galammaiddn foaAthoarstanot®idri de was di ssolved in 4.72 nl of
de-ioni zed

Example 4: Ge-AP0O34/18 with La/Hydrotalcite

0.61 gram of lanthanum chloride was dissolved in 4.72 ml 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
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
with an on-line gas chromatograph for product analysis. The test conditions were
450°C, 25 psig (273 kPaa) and 25 WHSYV. The results of the test are summarized
in 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

La impregnation).

i s cl earP€T/082004/016362



water and the resulting solution was added drop-w se

to 5.00 gram of hydrotalcite as supplied by Saso
woooshieseeri ca | nc. as Condea Pural MG/0 (specPET/US2004/016362

surface area of 0 nR2/gramj. The treated hydrotalcite

was dried at 50 C for 1 hour under vacuum and then

calcined in air at 550 C foP33 hours. 0.2 gramof the

La-i npregnated hydrotal cite produced above was m xed

with 0.36 gram of the cal cined GeAPO 34/18 of Exanple

3 and the resul tant cat al ysdpievds eval uated in the

conversion of nethanol to olefins in a fixed bed

D oduct SAd9%rs. WTLS e A SO s 4%@'%4 g+
heia (272 |/Dn:\\ and /?g-rh ﬁé(&ﬁoﬁ(?lf& y'ﬂg @Clte

ATTU L\.; \l\l LAY

1 Ca= EMi%Rf Podact) n Taplle 2 30ichlal so?®fious he 269 ¢
obbai(wd ofipepdict) he same cddditidns wi4-h (a)| a cad@b yst
¢ s iR fargduwet) (. 36 7§10am qf GeZ2RD- 34/(18 anth.2b)

A sk e conpri sing |0. 3@ggr am|of GeAWO- 34/ 18 and 90. 2
gram of calcined hydrofalcite (no La

canpolat AR o ile £ b oo AR AP gearo-

(3 % iaérepea diuctife Orﬁhéca?ﬁysﬂ b2 6v& 100%, (hietéad thenidathiontor
43.6 44.3 46.3 C = + ﬁ wt % of produc 75.0 73.7

i@/}wdcaelalt@ywreeﬁﬁrdethesfﬁgofs ¢ catalgst by aver 1’40% ear from
Table 2 that the addition of the hydrotalcite to the
GeAPO- 34/ 18 increased the life of the catal yst by

over 1Whfle thelpesseasintéigiondds béeariesdrited/ahy dnpiraled bl €eference
increased the |ife of the catal yst by over 170% Whil e

tth ealymél@éﬁvbwm@msi Bastefvrdiaaty sydkarthpad vak appreclate that the
.l l.ust d
OB TGS P e BaTP o pE  CTBR P Rt et

tifidtcohteplafdeht B8 cAteRstSoldpdsikibnd @esviadbdddr@R Srd\@bful in

necessarlly illustrated herein. For exanple,
other processes, such as catalytic cracking. For this reason, reference should be

o

made solely to the appended claims for purposes of determining the true scope of

the present invention.



it is contenplated that the catal yst conpositions

descri bed herein are useful in other processes, such
wa@goosat@kyt i c cracking. For this reason, referPe/Es2004/016362

shoul d be nade solely to the appended clains for

pur poses of determ ning the true scope of the present

i nvention. CLAIMS 1. A catal ¥8t conposition conprising

a nol ecul ar sieve, liydrotalcite, and a rare earth

netal conponent. 2. The catal yst conposition of claim

loLwpeisei n the nol ecul ar sieve is selected from

stTTcoal um nophosphat es, al um nophosphat es,

net al - contai ning forns thereof and m xtures, including

intergrowths, thereof. 3. .A catal,yst co I 1.0n.

ormpr LA B0 comi=figh satipring Fofl¥iy SRRk e, and o
ahiéH: AR RRLARBAIBn&Ht. Si | i coal um nophosphat e nol ecul ar
sieves, netal-containing forns thereof, mxtures

thereof and intergrown forns thereof; and (b)

drotglcite. 4. The.cat st, ¢ osi;,tion of any of
Dhe' prlisctalist Eraptictiarin . SR et iaRha e o
seleeeligibnt LiREdaPARGE: hos%ﬁ&@i,&lunﬁﬁ@ dsphatsy\eferal Bonteiie:
17, SAPG- 18, SAPO- 20, SAPO-31, SAPO 34, SAPO- 35,
SaR Bereo SARDnBAreSARDudiDg ISAROWLS, ISR 42, SAPO- 44,
SAPO 47, SAPO 56, A1PO 5, AIPO , A1PO 18, ALPO 31,
AL1PO 34, AlPO 36, A1PO 37, A1PO 46, MCM 2, \
qgtalq@@&gh@g&gm&gﬁﬁgikﬂﬁﬁgggb and m xtures, including
intergromhs, thereof. . The catal yst conposition of
aay ofa mhlecpleesied seipctddioms pluwheenhiosphtakeeomol ecul ar
si.eve is selected from SAPO 18, SAPO-.34, SAPQO. 35,
SR pin G oe e Al Bl e vese s LBl RPT WPiRGE
tl!ﬂﬁ&lﬁ@% thefRf ffﬁét‘%x%%m foRifid {teBy ah@t er gr owt hs, _
thereot. 6. The caral yst conposi'tion of the preceding
albai mehydvdtglcee.n t he nol ecul ar

4. The catalyst composition of any of the preceding claims, 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,
SAPQO-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.

5. The catalyst composition of any of the pieceding claims, wherein the
molecular sievg is selected from SAPO-18, SAPO-34, SAPO-35, SAPO-44,
SAPQO-47, ALPO-34, metal-containing forms thereof, and mixtures, including
intergrowths, thereof.

6. The catalyst composition of the preceding claims, 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.



sieve is SAPO 34, SAPO 18, an intergrowth of SAPO 34

and SAPO-1 , GeAPO 34, GAPO- 1 or an intergrowth of
wW@2WPM 63241 and GeAPO-1 . 7. The catal yst conposieCDOSI04/016362

any of clainms , or 4 to 6, wherein the rare earth

metal is |anthanum 8. The catal yst conposition of any

of the preceding clains, whé7ein the conposition

conprises from10 to 90 wt % of the nol ecul ar sieve

and fromto 90 wt % of the hydrotalcite, the weight

per centg B@lyItcBRRRAIRDIRE of Ahitks 1 @10 @ whbRin the rare

nol ecul ar si'eve, the hydrotalcite, and the rare earth

reettiainetzd iplenabumf present. 9. The catal yst

conposition of any of clainms 1, 2 or 4 to 6, wherein

the conposition conprises fromO0.1 to 5 W % of the

fear € Y& § 8iterlIf

A e s R i

legnhipositibi comeprizes dronh €0 teedlewtYdr afthevmolaculen sipohanst from A0 to

SRR Rl Phe Bt Pe R R R hSUE o o ciancof
%ééﬁnﬁf%%ul%? SRGd $thd g acRaRite g tﬁeh‘ﬁré@hﬁ%tﬁrcoﬁ’%p%ﬂ&}t@ﬁ d

ydrotal ci'te conposition to produce a nolecul ar
present. cat al yst conposition. . The process of claim,
further conprising conbining a rare earth netal
compound with the nol ecul ar sieve and/or hydrotalcite
NPOoSit.i - DI ; [ [ he
ey ot et BB Gl £ s iR
wompbsitibn gofipyisdsifeat DAgo Bydriébétheirte earth mealsompbnan, the

of . a rare earth netal co und; a i ryin he
tvv%é%t@arqwfob%%baéﬁfﬁ gn the tgggwslgbv %@gg §1°l%°ugir Yo 1 ,

f : i .Sl al cini the dried
%%@gﬁt%?%{ﬂgghn%%gﬁ?:’t%%]?l%gé.ng)%%l@'gr ocess of any of

claims 12 or 13, wherein the solution is an aqueous

solution. . The process of any of clains to 14, .
wWier eifhProsessfgF progusing a malegplar sieve catalyst composition according

to any of claims 1 to 9, the process comprising combining the molecular sieve and

the hydrotalcite composition to produce a molecular sieve catalyst composition.

11.  The process of claim 10, further comprising combining a rare earth metal

compound with the molecular sieve and/or hydrotalcite composition.

12.  The process of claim 10, wherein the hydrotalcite composition has been
prepared by a method comprising
@) treating hydrotalcite with a solution of a rare earth metal compound; and

(i1)  drying the treated hydrotalcite.

13.  The process of claim 12, further comprising (iii) calcining the dried

hydrotalcite composition.



compound i s selected from halides, oxides, oxyhalides,
hydr oxi des, sul fides, sulfonates, borides, borates,
w@arbon#Eees, nitrates, carboxyl ates and m xt urBGI/US2004/016362
t hereof. 16. The process of any of clains 10 to 14,
wherein the step of conbining the nol ecul ar sieve and
the hydrotal cite conpositi oASconprises: (i) formng a
slurry conprising the nol ecul ar sieve, the
hydrotal cite conposition and a liquid; and (ii) drying
e slitHerfodeds b4 oF cRith§ U2 of 03, tleRdif thoBohaivulifin ShRYEs
catal yst "conposition. 17. The process of claim 16,
whbrtienn the slurry conprises a liquid, nolecular
sieve, hydrotalcite and a rare earth nmetal conpound.
18. The process of claim17, wherein the rare earth

Bt al BRI syTchEhed] {d PMWIRkdIA @R raf)daflB Ietal
oxyhal i des, hydroxi des, sulfides, sulfonates, borides,

onmbesd iscalebed dtoas halivies, roxides, oxyhalidesy hpdresidas gulfides,

i xt thereof. . T f f clains to
e, poST, oRigs RSPRERiies BABD URes 1T RENEPS an

ghgekel . a ketone, an al dehyde, or an ester. 20. The
process of any of clains to 19, wherein the step of
drying conprises spray drying. 2 . A process for

converting a hydrocarbon genat.e f.eedstock.to. . .
et § e Hipgeshborraad o {0 41 i SIS0 4 giseibining the
f 19Keidnl 13 REGLRL cSRPRPRI dRfprRESOr di ngt o any
or?&gf&al ns dlgat 09 lg};% Wlhtﬁg cat al yst&g)on'posi tion
pieparferming atsherypconyemingdbe orolkicnlpr sievarile ydrofakites 10

to 20.

c%mposition and a liquid; and

(il)  drying the slurry to form a dried, formulated molecular sieve catalyst

composition.

17.  The process of claim 16, wherein the slurry comprises a liquid, molecular

sieve, hydrotalcite and a rare earth metal compound.

18.  The process of claim 17, wherein the rare earth metal compound is selected
from halides, oxides, oxyhalides, hydroxides, sulfides, sulfonates, borides,

borates, carbonates, nitrates, carboxylates and mixtures thereof.

19.  The process of any of claims 16 to 18, wherein the liquid comprises at least

one of water, an alcohol, a ketone, an aldehyde, or an ester.

20.  The process of any of claims 16 to 19, wherein the step of drying
comprises spray drying.

21. A process for converting a hydrocarbon oxygenate feedstock to olefins, the

process comprising contacting the feedstock with a catalyst composition according
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to any of claims 1 to 9 or with a catalyst composition prepared by the process

according to any of claims 10 to 20.



