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Use of Al kaline Earth Metal Containing Small Pore Non-Zeolitic

Mol ecul ar Sieve Catalysts In Oxygenate Conversion:- Background of the
i nvention Field of Invention This invention relates to a

process for the conversion of oxygenates to hydr ocar bons ' I
pore non-zeol i tYOIB18 ul ar sieve catalysts. 10 More particul%&(‘&?" I's

invention relates to a catal yst conposition, a met hod to prepare such
a catalyst, and a process to use such a catalyst in a process for

conversion of OXlﬁ‘yggﬂvﬂP%}E&mNﬁglneéhWning Sntall PoreNoHZedNiphat e

nol ecul ar sieve cata I ncorporated with certain

al kal ine earth nmetal s eMoietukiviSiove Gatafysts in iOxytenate Goredrsion t he
nol ecul ar si eve. Background Art of the Invention

Background of the invention
Field of Invention

This invention relates to a process for the conversion of oxygenates to

hydrocarbons using small pore non-zeolitic molecular sieve catalysts.
10 More particularly, this invention relates to a catalyst composition, a

method to prepare such a catalyst, and a process to use such a catalyst in

a process for conversion of oxygenates to olefins using

silicoaluminophosphate molecular sieve catalysts which have been

incorporated with certain alkaline earth metals either during or after the
15 synthesis of the molecular sieve.

Background Art of the Invention

Olefins have traditionally been produced through the process of petroleum

20 cracking. Because of the potential limited availability and high cost of
petroleum sources, the cost of producing ofefins from such petroleum
sources has been steadily increasing. Light olefins such as ethylene
serve as feeds for the production of numerous chemicals.

25  The search for alternative materials for the production of light olefins such
as ethylene has led to the use of oxygenates such as alcohols, and more
particularly to methanol and ethanol or their derivatives as feedstocks.
These and other alcohois may be produced by fermentation or from

synthesis gas. Synthesis gas can be produced from natural gas,
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it is well known in the prior art to convert oxygenates to olefins by
contacting the oxygenate with various types of catalysts. Large, medium,
and small pore, zeolitic and non-zeolitic, molecular sieve catalysts may be
used.

It is also well known in the prior art that molecular sieves of various pore
diameters and compositions have been treated by addition of alkaline
earth metals to improve catalyst performance for use in various
applications. It is also well known that when comparing the performance
of two catalysts, even if every physical parameter of each of the catalysts
is the same, that if the two catalysts have a different composition, then
one cannot predict based on the performance of one catalyst, how the
second catalyst will perform, USA-4752651, col. 2, lines 31 - 68. So even
if a particular alkaline earth metal has been added to one type of catalyst
for a particular use, it does not mean that the same metal will have the
same beneficial effect on the performance of the second catalyst.

Even though the art teaches the use of some of the alkaline earth metals
to improve the performance of large, medium and small pore zeolites, it
fails to teach the use of all such alkaline earth metals, including strontium,
caicium, and barium, to improve the performance of non-zeolitic molecular
sieve catalysts with diameters of less than § Angstroms for the use in

oxygenate conversion.
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5 It is well known in the prior art to convert oxygenates to ol efins
by contacting the oxygenate with various types of catalysts. Large,
medi um and snmall pore, zeolitic and non-zeolitic, nolecular sieve
catal ysts may be used. 10 It is also well known in the prior art

t hat nol ecul ar f various pore di aneters and conpgg

been treated bya'g%'?f“%n of al kal i ne earth netals to |mr#éﬁs§%P@
performance for use in various applications. It is also wel | known
t hat when conparing the perfornmance 15 of two catal ysts, even if every

physi cal paranet er USA-a7sPe®f feb&é‘sattﬁé)’ﬁ&:hfcatxonl of t Bﬁcaﬁaﬁﬁre tt’fbﬂ-zécfhtlbhe
tvio catal ysts have a different conposition, cannot predic

based on the perf ofMRiBEHaLSICYP catalysty ysing mﬂ)ﬁ}kﬁme earth “ﬁ@éﬁ(ﬁ%%'&!"}’?ﬂdw | |
perfarm USA- 47526%%&§ium 2HolWek&s ﬂ%]pﬂorfé?‘t faﬁ@ t8‘T{é’é?:h and/or éna%l@?ﬁﬁércﬂ-léar

al kaline earth netal has been added to one cataly
particul ar use, | t inpesgoration refathe ﬁl!@llmm@a;ﬁtrmet‘ébapf \strpntlwm.vsalcm and

sane -benefi ci aI 0 r
Even t hough the ar Ibsﬁié"gcﬁ ﬁhee‘t;é‘rg B"s(i@rar'g oéfvgghe a k'gl iﬁﬁ}ea’lo\eé;%%oltrestu_gps
to inprove the perhmtatsrlmesnbhlaacaga!ystmoﬂwamsaﬂdoxyg?ddatwwmemm.i tes, it 25

fails to teach the use of all such alkaline earth netals, including
strontium calcium and barium to inprove the performance of

non-zeolitic nolec u‘mrfanure totbsolemanbaldueits iargbhioficamii of theddatioAs withtA8 5

Angstroms for the lI"ng er atomlc nurxgee}g a’tne Gcrggg\:/ elrh'iI CmFor example, berylliium and

10 magnesium each have a size of 0.31 and 0.65 Angstroms, respectively.
This is to be contrasted with the larger sizes of calcium, strontium, and
barium with ionic radii of 0.99, 1.13, and 1.35 Angstroms, respectively.
Based on this size difference, one of ordinary skill in the art would not
think that these larger radii ions could be used as effectively in modifying

15 a small pore catalyst Even though all of these radii are less than 5
Angstroms, it is well known that the ions exist in the solvated form with the

~ solvent molecules attached. Therefore, even though the metal ion has a

radius of less than 5 Angstroms, that in the solvated form, the effective
radius will be much larger.

20
Meanwhile, JP94074134 (JP01051316) discloses an in-situ procsss which
appears to be a method to make a small pore aluminophosphosilicate
containing any one of the alkaline earth metals which is useful in an
oxygenate conversion process. However, upon a close reading of the

25  disclosure, this patent actually teaches the use of a medium pore catalyst,
such as ZSM5, and not a small pore catalyst, such as SAPO-34, for
c;xygenate conversion. The disclosure focuses on how their catalyst is
unique compared to a conventional ZSM-5. For example, their catalyst
has a pore diameter of 5 to 6 Angstroms and. an adsorption volume that is
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PCT/ US97/ 05670 - 3- USA- 4752651
t eaches the nodification of small pore non-zeolitic nol ecul ar si eve
catal ysts using the al kaline earth netals of beryllium and magnesi um

However, the prior art fails to teach and/or enable either the

i ncor por ati on Y@ 9U¥HE633] kal i ne earth netals of strontium cal CEMSITENIE0 5
bariuminto small pore nol ecul ar sieves of*the in situ process of such
metals into such a catalyst for the use in oxygenate conversion.

This failure to 5iﬁﬂl‘él“t6%t%¢c9hhﬁ16r@2$ﬂ®ﬁ/?:e'ﬂﬂli@s! e x-Pdy %&i‘erﬁfﬂf e Wi th
t he hi gher atom c nunbers in Goup I' A For exanple,” berylliumand 10
nmagnesi um each h@gterial is similgr to medium @ore siged LHM-PANR Notesimilat to,that of

bar i um wi th 1 oni ETPRRPY oy ST Py Ghe038 uebGud B o TEAIAdR, |

Based on this sithat ba$ acparaciametee thet is béiweanylargel diametertZeelites; suabuasl not
think that these,l arger, radij, ions coul e used as. effectively .in
odiy1 g 155 5 SRS 3o AR Y vhED el SEmat Felies bt ot Erignile ana,

| ess than 5 offretite \which futthers digtinguishes\rthéinadatalpst ifrons £>enwdll ipere he

solvated formw th th%& . sol vent nol ecul es attached. Therefore, even
t hough the met al MOlgFulRL Sieye. radius of |ess than 5 Angstroms, that in
the solvated form the effective radius will be nmuch larger. 20

Meanwhi | e, JP94074134 (JP01051316) discloses an in-situ process which
appears to be a Woensfare: basatken thesteachings of thel prinrrash ioissverrising ta learn

10 that the alkaline earth metals of strontium, calcium, or barium can be
successfully added to a small pore non-zeolitic molecular sieve for
enhancement of the performance for such a catalyst for use in the
oxygenate conversion process.

15 Summary of Invention

This invention provides a catalyst, a method to prepare the catalyst, and a
method for converting a starting material to olefins, comprising contacting
the starting material with a small pore non-zeolitic molecular sieve catalyst
20 under effective conversion conditions to provide olefins wherein the
molecular sieve has been prepared in-situ or modified after synthesis by
incorporation of one or more of the alkaline earth metals of strontium,
calcium, or barium, originating from a correspondi'ﬁg metal compound.

25 One embodiment of the invention provides a catalyst composition,
comprising a non-zeolitic molecular sieve and one or more alkaline earth
métals selected from the group consisting of st,cjtjntium, calcium, barium,
and mixtures thereof, wherein the non-zeolitic mq:!}acular sieve has a pore
diameter size of less than 5 Angstroms. One embodiment includes
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contai ning any one of the alkaline earth netals which is useful in an
oxygenat e conversion process. However, upon a close reading of the 25

di scl osure, this patent actually teaches the use of a nedium pore catal yst,
such as ZSMb, and not a small pore catal yst, such as SAPO 34, for
oxygenat e conversi The di'scl osure focuses on how their cat |

uni que conpar ecfvatg%g”@onventional ZSM 5. Forsexanple, their CQ{WW)
has a pore dianmeter of 5 to 6 Angstrons and an adsorption volune that is
WD 97/ 37763 _ i .

PCT/ US97/ 05670 wherein the non-zeolitic molecular sieve further comprises a thirdmetal ¢ o
t hat of common ZS i i X - LAWY | i
material is siml 21/?%#8 "ﬁ% | ﬁfé}h&éﬁ@e gﬁ?@géﬂ@{%ﬁ%ﬁl%r%btﬂgﬁmgﬁ%r&het gl"t %tto of
smal |, pore sized SaRmifdm atoreicrratiaisdiegs thareD.8escri bed as a novel zeolite
that has a pore dianeter that is between | arge di aneter zeolites, such as
s faujasite X and Y types, and snall dianeter zeolites, such as erionite

and - of f r et 5t e Anbtheh embodimentdncludes)ainmdined foneonverting stasting material toal |
por e nol ecul ar, sieve. . Therefore, based on the teachings of the
prior art, it is sQISBASSPMRPASing Sontacting he, stertng mwfa{?n I"%a?r t’}?"%ﬁ"ﬁlg of

strontium cal ci UMnécis bidle C@italP& under effective conditions to produce olefins,

wherein the non-zeolitic moiecular sieve comprises a catalyst composition
of claims 1 or 2 and has been prepared in-situ or modified after molecular

10 sieve synthesis by incorporation of an alkaline earth metal selected from
the group consisting of strontium, calcium, barium, and mixtures thereof,
using an alkaline earth metal compound, wherein the alkaline earth metal
ion is selected from the group consisting of strontium, calcium, barium,
and mixtures thereof.

15
Additionally, the method of the invention includes the embodiments
wherein the molecular sieve catalyst is selected from the group consisting
of a silicoaluminophosphate (SAPO), aluminophosphate (ALPO), and
mixtures thereof, preferably is selected from the group consisting of

20 SAPO-17, SAPO-18, SAPO-34, SAPO-44, and SAPQO-56, and most
preferably is SAPO-34.

Yet another embodiment includes wherein the molecular sieve catalyst
pore size is greater than 3.5 Angstroms and less than 5.0 Angstroms,

25 preferably greater than 4.0 Angstroms and less than 5.0 Angstroms, and
most preferably is in the range of from 4.3 to 5.0 Angstroms.

Also, embodiments of the invention include wherein the alkaline earth
metal is strontium or calcium and preferably is strontium.
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successfully added to a small pore non-zeolitic nolecular sieve for
enhancenent of the performance for such a catalyst for use in the

oxygenat e conversi on process. 15 Summary of Invention Thi s
invention provides a catalyst, a nethod to prepare the catalyst, and a

met hod for converting a starting material to ol efins, conpr|5|n contactlng
the starting WR®#T'& with a snmall pore ngn-zeolitic nol ecul U670

catal yst 20 under effective conversion conditions to provide ol efins

wherein the nol ecul ar sieve has been prepared in-situ or nodified
. after synthesis by incorporation of one or nore of the alkaline earth
‘metals of strontium lum or, barium originating froma

corr espondi ng néf‘aﬂ“ecﬁ'ﬁﬁe‘a'm?m the mikatine earh,metal fompound ds seiratRd fem
provi des a catalygt r%ﬁﬁpﬁcﬁ'f\bﬂé?ﬁb halxdesCQxﬁ‘iFHté§' fwmatésorheé@aéstbmogﬂbscul ar

si eve and one or I ne eart sel écted fromt gr oup
consi sting of stmmu!snmtcatee.mnmnxtum thereof and preferabilyis.a earbonygr eof ,
wherein the non-zeolitic nol ecular sieve has a pore di anet er size of
| ess than 5 Angstronms. One enbodi nent includes

In yet another additional embodiment, the modified non-zeolitic molecular

sieve has a metal to silicon atomic ratio in the range of from 0.01:1 to 2:1,
preferably in the range of from 0.05:1 to 1.5:1, and most preferably in the
range of from 0.01:1 to 1:1.
10
The invention additionally includes those embodiments wherein the
process for converting the starting material to olefins is conducted at a
temperature of from 200°C to. 700°C, preferably at a temperature of from
250°C to 600°C, and most preferably at a temperature of from 300°C to
15 500°C.

The invention additionally includes those embodiments wherein the
starting material feed is selected from the group consisting of methanol,
ethanol, n-propanol, isopropanol, C, - Ca alcohols, methyl ethyl ether, di-

20 methyl ether, di-ethyl ether, di-isopropyl ether, di-methyl carbonate,
carbonyl compounds, and mixtures thereof, and preferably comprises
methanol or dimethyl ether.

The invention additionally inciudes those embodiments wherein the
25 starting material also includes a diluent,, and preferably wherein the
diluent is selected from the group consisting of water, nitrogen, hydrogen,
.pérafﬂns, olefins, aromatics, and mixtures thereof, and most preferably the

diluent is water or nitrogen.

SUBSTITUTE SHEET (RULE 26)



WD 97/ 37763

PCT/ US97/ 05670 . - 5- wherein the
non-zeolitic nolecul ar sieve further conprises a third netal oxide in
addition to the alum na and silica.conponents and the silicon to
aluninun1aton13% ?+ Is |l ess than 0. 8. 5 Anot her enbodi nent includes a
met hod for conVEPPiH®starting material to ol efi ns conpr PET§S705670
contacting the starting material with a nonfzeolitic nol ecul ar si eve
catal yst under effective conditions to produce ol efins, wherein the

it I
Clai e 1 or 2 and e erRr SRR rERECIneRs  SHERARNE Wherein the, 1o

si eve synt hesi s bgtéartiog materialicomposesia halidep lai mercaptanh arspifide, exdreamire. f r om
the group consisting of strontium calcium barium and m xtures thereof,
using an al kaline earth netal conpound, wherein the alkaline earth netal
ion is selected f Mhan trdventonuadditioriiyt ineludes ﬂio"senb'mmumaitsiwmrebarthum

and m xtures thereof. 15 Addi ti onal | t he, the jnventi on
i ncl udes t he efbodfoRaRSSor °°""%ﬁ@$ &, s H’l‘é‘Y @gfg\?e'sc‘éﬂgf‘?@g
sel ected from t he pgésiipe GFTrdrk 10.1%Pa to 100 MP&| ﬂ:ﬂefé?auyratnerﬁwsek@w théAPO)

al um nophosphate (ALPO, and m xtures thereof, preferably is selected
fromthe group cof@nag Phionr 60kPasrdd MPa mﬁ pedembhuat sapessute ofnd
SAPO- 56, and nost gam 48@@{(1%3@@5 al S SAPO 34. _ Yet anot her embodi nment
i ncl udes wherein the nolecul ar sieve catal yst pore size is greater

than 3.5 Angstrons and | ess than 5.0 Angstrons,

10 The invention additionally includes those embodiments wherein the
process for converting the starting material to olefins using the treated
molecular sieve is conducted at a WHSV in the range of from 0.01 to 500
hr', preferably at a WHSV in the range of from 0.1 to 200 hr*, and most
preferably in the range of from 0.5 to 100 hr™

15 .

The invention additionally includes those embodiments wherein process
for preparing a catalyst post-synthesis, which comprises forming a mixture
containing one or more sources of alkaline earth metals selected from the
group consisting of strontium, calcium, barium, and mixtures thereof, in a

20 solvent and treating the non-zeolitic molecular sieve with the mixture

under conditions sufficient to incorporate a desired amount of the metal.

The invention additionally includes those embodiments wherein the
process for preparing a catalyst in-situ, which comprises forming a

25  reaction mixture containing one or more sources of alkaline earth metals
selected ‘from the group consisting of strontium, calcium, barium, and
mixtures thereof, and precursors required for producing the non-zeolitic
molecular sieve and subjecting the mixture to conditions sufficient to form
the catalyst.
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25 preferably greater than 4.0 Angstrons and |l ess than 5.0 Angstrons, and

nost preferably is in the range of from4.3 to 5.0 Angstrons. Al so,
enbodi ments of the invention include wherein the alkaline earth nmet al
Is strontiumor calciumand preferably is strontium WO 97/ 37763
PCT/ US97/ 05670 -6 - In one

embodi ment, tWO%PK4EP i ne earth netal conpqund is sel ected frRERUSITOSENe
group conprising halides, sulfates, formafées, acetates, alkoxides,
carbonyls, nitrates, or mxtures thereof and preferably is a carbonyl. 5
In yet another additional enbodinment, the nodified non-zeolitic nolecul ar
si'eve has a netal to silicon atomc ratlo in the range of from0.01:1 to
2:1, pr ef e Prisf Peseription of the Qrawingsn 0. 05: 1 to 1.5:1, and nost
preferably in the range of fromO0.01:1 to 1:1. 10 The invention
additionally includes those enbodi nents wherein the

Figure 1 is the X-ray diffraction pattern for the strontium

5 silicoaluminophosphate (Sr-SAPQO) sample which was prepared per
Exampile ill as defined below.

Detailed Description of the invention

10 The present invention is characterized by use of a small pare non-zeolitic
molecular sieve catalyst, which has one or more of the alkaline earth
metals, selected from the group consisting of strontium, calcium, barium, -
incorporated onto the molecular sieve either during or after synthesis, in a
process for the conversion of starting material to olefins.

15
For this application, the non-zeolitic molecular sieve may be a
silicoaluminophosphate (SAPQ), an aluminophosphate (ALPO), and
mixtures thereof,' preferably, but not limited to, a SAPO catalyst. In the
present invention, small pore non-zeolitic molecular sieves are defined as

20 having a pore size of less than 5.0 Angstrom units. Generally, suitable
catalysts have a pore size ranging from 3.5 to 5.0 Angstroms units,
preferably from 4.0 to 5.0 Angstroms, and most preferably from 4.3 to 5.0
Angstroms.

25 Non-zeolitic materials have been demonstrated to have catalytic
properties for various types of hydrocarbon conversion processes. In.
adﬁition, non-zeolitic materials have been used as adsorbents, catalyst
carriers for various types of hydrocarbon conversion processes, and other

applications. Non-zeolitic molecular sieves are complex three
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process for converting the starting material to olefins is conducted at a
tenperature of from200[err]C to. 700[err]C, preferably at a tenperature of

from 250[err]C to 600C, and nost preferably at a tenperature of from
300[err]Cto 15 500[err]C. The inventi Ionf adgi ti ona: ly incl udestthhose
enbodi ment s wheggl starting material feed is se ecteg{rom e
group consi sti ngﬂo@ﬁrre hanol , et hanol 8 propanol , isopro] ’,mﬁ"'érr]
- {err] alcohols, nethyl ethyl ether, nmet hyl et her, di-ethyl

et her, di-isopropyl ether, di-nmethyl car bonat e, car bonyl conpounds,

and m xt ures thereafmerwuhawoeistém@é ktrgems Which includ&EblsIoAI ofiSiB] fby!
et’her. The enho %ﬁjl ti onal | ncl udes thgse enbodi nents wherein
the 25 starting nh?‘\g‘r and Pn@r'ed% ied getalgwide.  Jhe Bm@faétﬂpﬁc%éﬁfel n

t he di l uent i éh&ﬂ#kﬁﬂe&'b?%é BR/sEHIENERBA SHabINEH-z8RHEE to ?é tuEQ en,

hydr ogen, paraffins, olefins, aromatics, and m xtures thereo

nost preferably thaés molecyjar sigves iin saaar@tuoomrmassegmd catalysts for memmwas
PCT/ US97/ 05670 5 reactions and catalyst carriers in a wide variety of | hydrocarbon conversion

processes.

SAPQO’s have a three-dimensional microporous crystal framework
structure of PO,", AlO., and SiO, tetrahedral units. The chemical
10  composition (anhydrous) is:

mR:(Si,ALP;)O,

wherein "R” represents at least one organic templating agent present in
15 the intracrystalline pore system: “m” represents the moies of *R” present
per mole of (Si,Al,Pz)O; and has a value of from zero to 0.3, the maximum
value in each case depending upon the molecular dimensions of the
templating agent and the available void volume of the pore system of the
particular SAPO species involved, and *x*, “y", and “z" represent the mole
20 fractions of silicon, aluminum and phosphorus, respectively. Typical small
pore SAPO's are SAPO-17, SAPO-18, SAPO-34, SAPO-44, SAPO-56,

and others. "R" may be removed at elevated temperatures.
ALPO’s have a three-dimensional microporous crystal framework structure
2s of PO’ and AIO, tetrahedral units. The chemical composition

(anhydrous) is:

mR:(Al,P.)0,
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The invention additionally includes those enbodi mrents wherein the

starting material conprises a halide, a nercaptan, a sulfide, or an am ne.
The invention additionally includes those enbodi nents wherein the 5 process
for converting the starting material to olefins is conducted at a

pressure of fromO0.1 kPa to 100 MPa, preferably at a pressure in the

range of from™®@%BREM3 to 34 MPa, and nost preferably at a prBSEHUPBOEE70
from 48kPa to 0. 34MPa. |0 The invention additionally includes those
enbodi nents wherein the process for converting the starting materi al

to ol efins usi ngwhBeih "REr§stesents aiié4st Und' orgaRictehiplPRUaLEne Brédent ifVSY i n
the range of from0.01 to 500 hr[err] %rhef.erg'%l yhgt a V\%SVin t he

"
range of . from 0. theiptragiystaliing pare systemipiyn” representetha mples of iR psesentge of
fromO0.5 to 100 . k1 | L1 4.0 YalaNG t hose
enbodi nent s V\/nergiéé\ﬁﬁéogfe s'PZ)O2 aﬁ@?‘aﬁ%egﬂxr‘%%f‘?qg%{*& i&gdt)hbg{s,e{] ﬁ‘gg'n si s,
whi ch conpri ses Yauei ingeachricase rdependingcupamitng myoleculan dimensiorso of the  of

| kal i t . . i sti f st ti
Calalum bar 4o iRy b hd 6B Rvallibie vaia, S0, 3RS pae A GibS e ™
non-zeol itic nol panticalar ssmedspéda_ yéciest Involvied] uhfd "y'r’] andU‘ltdlﬁ'épr@éﬂi tHe_?_Eiole
ffici i t ( i t t et al . e
Snventi on addi t | BREIGRS 51 ALMINIE SHFLEROSPRG0E, FRTRECHYRIL, SX Ay e removed ocess

for preparing a gedlalatel tmpsidiuresWhi ch conprises formng a 25 reaction
m xture contai ning one or nore sources of alkaline earth nmetals

sel ected fromthe group consisting of strontium calcium barium and
10 The metal which may be employed in either the in-situ or incorporation
process is an alkaline earth metal selected from group consisting of
strontium, calcium, barium, and mixtures thereof. Preferably, the metal is
either strontium or calcium, and most preferably, the metal is strontium.

15 The metal containing compounds which may be used in the present
invention may be of various compositions, i.e. in the form of the
corresponding halide, suifate, formate, acetate, alkoxide, carbonyil, nitrate,
or mixtures thereof. When the desired catalyst comprises SAPO-34 and
the metal is strontium, it is preferable to use the hydrated form of

20 strontium acetate as the metal containing compound.

The process of making the catalyst in-situ may be accomplished through
any one of the standard methods well known to those skilled in the art
including, but not limited to, hydrothermal synthesis under autogenic
25 pressure at elevated temperatures. Typical precursors include, but are
not limited to, aluminum oxide, aluminum trimethoxide, and aluminum
triéthoxide as the source of aluminum. Orthophosphoric acid, trimethyl
phosphate, and triethyl phosphate are examples of typically used
precursors for phosphorus. Colloidal silica, silica sol, silicon
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m xtures thereof, and precursors required for producing the non-zeolitic

nol ecul ar sieve and subjecting the m xture to conditions sufficient to form
t he catal yst. WO 97/ 37763

PCT/ US97/ 05670 Brief Description of the Draw ngs Figure 1

is the X-ray i ction pattern for the strontium5

silicoal um nopwggﬁh‘y (Sr-SAPO sanple \/\/[1'1c’h was prepared pel?crmswgﬂiorrpl e
Il as defined bel ow. Det ai | ed Description of the Invention 10 The
present invention is characterized by use of a small pore non-zeolitic

mol ecul ar si eve ¢qtithathbxidehafitl sildn8FasthoXite arefexamples sktyphallgaisel
| precursors for silica. Templates which are often used in the synthesis
process, include, but are to limited to, tetramethylammonium hydroxide

and tetraethylammonium hydroxide.

In one embodiment, a reaction mixture is first prepared by mixing the
desired amounts of the selected aluminum oxide and selected phosphoric
acid with vigorous stirring. Next, de-ionized water and the desired amount
of silica sol is added and the entire mixture is continued to be stirred to

10  achieve complete mixing. Then, the selected organic template is added to
this mixture and the resultant catalyst mixture is completely mixed by
additional stirring. An aqueous solution containing the desired metal is
then added to the mixture.

15 The aqueous solution of the desired metal is made by dissolving the
desired amount of the metal containing compound in water under mild
conditions. Preferably the water is de-ionized. The temperature of mixing
is dependent upon the solubility of the metal compound in water.
Alternatively, a medium other than water may be selected. The process

20 may be conducted under pressure or at atmospheric pressure.

The resultant catalyst mixture is stimed as required. In some cases,
stirring is not required and the mixture may be left undisturbed for a time
adequate to permit the desired level of incorporation. The catalyst

25 product is finally filtered, optionally washed, dried, and caicined by
methods well known to those skilled in the art.

The process of taking the molecular sieve and incorporating the selected
alkaline earth metal post synthesis may be accomplished through any one
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netals, selected fromthe group consisting of strontium calcium barium

I ncorporated onto the nol ecul ar sieve either during or after synthesis, in
a process for the conversion of starting material to olefins. 15

For this application, the non-zeolitic nolecul ar sieve may be a

si | i coal um nophosphate (SAPO), an al um nophosphate (ALPO), and

m xtures t heMd¥BPTHBef erably, but not limted to, a SAPO caPETPEYTS¢TR t he
present invention, small pore non-zeoliti ol ecular sieves are defined as
20 having a pore size of less than 5.0 Angstromunits. Generally, suitable

catal ysts have fRped StahdaRi iRidRowéll Ribwh Bo tHbse- SKillkaoR!the TEr IH%Mdfn%,
preferably from4.0 to 5.0 Angstrons, and nost preferably from4.317o0 5.0

Angstroms. 25 bulonotz digiitedi do.ndineipient swetness bmethodge nionaxchange. t andave
catal ytic n mﬂgg%ﬁnﬁﬁﬁ ﬁ%ﬁ@&rﬁb{;?@%ﬁéq s&gﬁrpﬁ%gcq;égﬁga\(ﬁét%!' lgg

processes. I'on,- non-zeol | teri ave peen use
adsor bents, cat firstsmade by clissoiving therdasiredoamountpob thé metdl contdining

conversi on pr.oc aAppl | on Nn.zeoljti.c | ecul ar
sieves are Sc O%%&g:g»m@ﬁr? evgétgle Under mulaép%)yﬁ%\%?ﬁrefera% tHeFaler'i§ d&2
PCT/ US97/ 05670 ionized. The temperature of mixing is dependent upon thé solubility of the

metal compound in water, or whatever other medium is selected. The

process may be conducted under pressure or at atmospheric pressure.

10 After adequate mixing, the sojution is then added to the selected amount
of the molecular sieve. The resulting mixture is stirred as required. In
some cases, stirring is not required and the mixture may be left
undisturbed for a time adequate to permit the desired level of
incorporation. The catalyst product is then filtered, optionally washed,

15 dried, and calcined by methods well known to those skilled in the art.

For either method of preparation, either in-situ or post-synthesis, the
amount of metal which is incorporated into the molecular sieve may vary
over a wide range depending, at least in part, on the method of

20 preparation, the selected molecular sieve catalyst, and the incorporation
method.

The resulting composition of the prepared Sr-, Ca-, and Ba-SAPO's may
be expressed as follows:;
25

M_Si,Al PO, - mH,0

b e d

wherein, the ratioof atob =0.01 to 2,
b=0.011t00.3,
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di rensional crystalline structures which include either AlJerr] or
SiJerr] or both AldJerr] and SiJerr] and a third nmetal oxide. The
interstitial spaces or channel s forned by the crystalline network
enabl e non-zeolites to be used as nol ecul ar sieves in separation
processes and cat al s for chemcal 5 reactions and catalys | in
a wde vari ety% : ocar bon conversion processes. E"'Ji‘@rﬁﬁ@%—ﬁ’have
a .t hree-di nensi onal m croporous crystal f r aor k structure of
PO[err], Alderr], and Sierr] tetrahedral units. The chemical |0

conposi ti on (anhydrous)cg &St least 0.05,

MR (Si[err]J]Al[err]Plerr])Jerr wherein "R' represents at |east one
organi c tenpl ati ng age =gne§é 0-08n 15 the i ntracrystalline pore system

"m' represents the nol g54@fs gB'q @ esent per nol e of
(Si[err]AI[err]P[err])CLerr] and has a value of fromzero to 0.3, the

maxi num val ue in dhenatineid thepisdasshpan®h t he nol ecul ar di nensi ons of

t he tenpl gt i ng agent val | e void volume of the pore system
of the parasticul ar ﬂ@%ﬁé&:i@g‘%&# 'ved, and "x", "y", and "z"
represent the nole 20 fevac tootB0,@ndsi|icon, al um num and phosphor us,

respectively. Typical A . pore, SAP re SAPO- 17, SAPO- 18, SAPO- 34,
SAPO- 44, SAPO- 586, S’Q‘%ﬁsﬁw&g%&hw@%ﬁréﬁw -at el evat ed

t enper at ur es. ALPO s have a three-dinmensional mcroporous crystal
framework structurge 25 of PO[err] and Al(g_err tetrahedral units. The
chenical conpositi amount of metal incorporated is measured on an atomic metal basis

10 in terms of metal to silicon ratioc. The metal to silicon atomic ratios are in
the range from 0.01:1 to 2:1, preferably from 0.05:1 to 1.5:1, and most
preferably from 0.1:1 to 1:1.

The conversion process employs a starting material (feedstock)
Is comprising “oxygenates”. As used herein, the term “oxygenates” is
intended {o comprise aliphatic alcohols, ethers, carbonyl compounds
(aldehydes, ketones, carboxylic acids, carbonates, and the like) along
with aiso those compounds containing hetéro-atoms, e.g., halides,
mercaptans, sulfides, amines, and mixtures thereof. The aliphatic moiety
20 preferably contains from 1 to 10 carbon atoms and more preferably
contains 1 to 4 carbon atoms. Representative oxygenates include, but are
not limited to, lower straight or branched chain aliphatic alcohols, their
unsaturated counterparts and the nitrogen, ha}oéen and sulfur analogues
of such. Examples of suitable compounds inc‘jude, but are not limited to:
25 methanol; ethanol; n-propancl; isopropanot; C4 - Cy alcohols; methyl
e_thyl ether, dimethyl ether; diethyl ether; ét;ijﬁ_isopropyl ether; methyi
mercaptan; methyl sulfide; methyl amine; ethyi @;nj;e,rcaptan; di-ethyl sulfide;
di-ethyl amine; ethyl chloride; formaldehydef; éd_i-methyi carbonate; di-
methyl ketone; acetic acid; and n-alkyl aminés{,- n-alky! halides, n-alkyl
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(anhydrous) is:

MR (Al [err]P[err])derr] SUBSTI TUTE SHEET
(RULE 26) WD 97/ 37763

PCT/ US97/ 05670 - 10- wherein "R
represents at | east one organic tenplating agent present in t he

i ntracrystal IWR&H3Be system "nit represe%_s the nol es of " RCIFISEURSHTO
per nole of (Al[err]P[err])Jerr] and has value of fromzero to 0.3, the
maxi num val ue in each case dependi ng upon the nol ecul ar di nensi ons of

t Re 5 tenpl ati ngifRizeNéadiiavifienangl HRiupe of Gitd 10danieh afonishand fiidufasst em of
t he

thereof. The term “oxygenate” as employed herein designates only the

organic material used as the feed. The total charge of feed to the reaction

zone may contain additional compounds such as diluents.

The conversion process is preferably carried out in the vapor phase such
that the feedstock is contacted in a vapor phase in a reaction zone with
the defined molecular sieve catalyst at effective process conditions so as
to produce the desired olefins, i.e., an effective temperature, pressure,

10 WHSV {Weight Hourly Space Velocity) and, optionally, an effective
amount of diluent, correlated to produce olefins. Alternatively, the
process may be carried out in a liquid phase. When the process is
carried out in the liquid phase, different conversions and selectivities of
feedstock-to-product may result with respect to the relative ratios of the

15 light olefin products as compared to that formed by the vapor phase
process.

The temperature which may be empioyed in the conversion process may

vary over a wide range depending, at least in part, on the selected

20 molecular sieve catalyst. The process is conducted at an effective

temperature range from 200°C to 700°C, preferably from 250°C to 600°C,

and most preferably from 300°C to 500°C. Temperatures outside the

stated preferred ranges are not excluded, although they do not fall within

certain desirable embodiments of the present invention. At the lower end

25 of the temperature range, and thus, generally, at a lower rate of reaction,

the formation of the desired light olefin products may become markedly

“slow. At the upper end of the temperature range and beyond, the process
may not form an optimum amount of light olefin products.
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particul ar SAPO species involved, and "y" and "z" represent the nole
fractions of al um num and phosphorus, respectively. "R' may be renoved
at el evated tenperatures. 10 The metal which nmay be enpl oyed in either
the in-situ or incorporation process is an al kaline earth netal

sel ected from fOO!HB .;S?nsi sting of strontium cal cium bafémwﬁgé%
re

m xtures thereo erably, the netal |s.15- either strontium or
calcium and nost preferably, the netal is strontium 15 The netal
cont ai ni ng conmpounds whi ch may_be used in the present i nvention may be
of various conpos¥he gfacess is effectivaly eyFind Autiquer a wide sARgS; 9b MIBSRYreS i de,

sul fate, formate, o] X es

t hereof . When the r'gem regmcgé@usﬁcoﬂ%)sggbpgzﬁ%{egjﬁ the range f%hhghn'g:%l i's
strontium it is tortGMia, the tormamn nﬁngmyale&nemowntsrwr beeﬁe@eu @ithough
acetate as the negal g the
catalyst in-situ égﬂ%@ %‘bf%ﬁ‘ ?ﬁgg"ww ﬂm necelgﬁ'ﬂp?&ﬁ?afalf éreer;g{ﬂe%dar d
met hods wel | kﬂOV\Mhé (préfeaed prissure ds imtﬁehengetfrom 6.9 kna It @i4rigpa, bwith ttiee

limted to, hydrothernal nt hesi s under aut ogeni c ressure at el evated
tenperatures. Typiost pfﬁfEE d Jgnge i’ﬁﬂgu em %QJ?‘ LY 0%4 ﬁ ﬁ?ﬁﬂ’%ﬁ?‘{’%‘s

al um num oxi de, ajdfarréd 0 hefeifPidtWié Process ArerbxblugiveNof the inbft idRLERX ifqlﬁyas the
source of alum num O thophosphoric acid, trinethyl phosphat e, and

triethyl phosphat thayig m%ﬁﬁm egd @ﬁfewa.tbmnawaisn;essure ofpihecfaﬁgssw Asrit
phosphor us. Col d1afdd! toSkygeRateStdrhEdundiCand Fdr ifures thereof. Pressures

10 outside the stated range are not'excluded from the scope of this invention,
although such do not fall within certain desirable embodiments of the
invention. At the lower and upper end of the pressure range, and beyond,
the selectivities, conversions and / or rates to light olefin products may not
occur at the optimum, although light olefins such as ethylene may still be

1s formed.

The process is effected for a period of time sufficient to produce the
desired olefin products. In general, the residence time employed to
produce the desired product can vary from seconds to a number of hours.

20 It will be readily appreciated that the residence time will be determined to
a significant extent by the reaction temperature, the pressure, the
molecular sieve selected, the WHSV, the phase (liquid or vapor), and the
process design characteristics selected.

25 The process is effectively carried out over a wide range of WHSV for the
feedstock and is generally in the range from 0.01 hr’ to 500 hr’,
preferably from 0.1 hr to 200 hr', and most preferably from 0.5 hr' and
100 hr'. As the catalyst may contain other materials which act as inerts,
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SUBSTI TUTE SHEET (RULE 26) WD 97/ 37763

PCT/ US97/ 05670 tetranet hoxi de, and silicon tetraethoxi de are exanpl es
of typically used precursors for silica. Tenplates which are often used
in the synthesis process, include, but are to limted to,

t et ranet hyl an%%}i hydr oxi de and tetraethyl ammoni um hydroxi de. 5

I n one enbodi W3 eaction mixture is fijgr.st prepared by nPSEURHTO3630

desired amounts of the sel ected al um num oxi de and sel ect ed phosphoric
acid with vi gorous stirring. Next, de-ionized water and the desired anmount
of silica sol is rmw&ﬁrs\érmcalwla&eﬂ Pndherweight dasis afansthanaicaricdsinell poré r ed t 0

10 achieve corrp}"% ﬂgus'gaen the selected organic tenplate is added
to this mxture an e Tesultant catalyst mxture is conpletely m xed
by additional stirring. An aqueous sol ution containing the desired
metal is t he dded to the m x

Thé conversion process may optlonally be carned out in the presence of

5 one or more inert diluents which may be presg__nt in the feedstock for
example in an amount between 1 and 99 molar pérg__:_ent. based on the total
number of moles of all feed and diluent compoﬁénts fed to the reaction
zone (or catalyst). Typical of diluents which rr}éy be employed in the
instant process are helium, argon, nitrogen, carbon monoxide, carbon

10 dioxide, hydrogen, water, paraffins, hydrocarbons (such as methane),
aromatic compounds, and mixtures thereof. The preferred diluents are
water and nitrogen.

The olefin production process may be carried out in a batch, semi-

15 continuous or continuous fashion. The process can be conducted in a
single reaction zone or a number of reaction zongs amranged in series or
in parallel, or it may be conducted intermittently or continuausly in an
elongated tubular zone or a number of such zones. When multipie
reaction zones are employed, it may be advantageous to employ one or

20  more of the defined small pore molecular sieves in series to provide for a
desired product mixture. '

Owing to the nature of the process, it may be désirous to carry out the
process of the present invention by use of the mdiébular sieve catalysts in
25  adynamic bad system or any system of a vanety of transport beds rather
than in a fixed bed system. Such systems would readsly provide for any
regeneration (if required) of the molecular sueve catalyst after a given
period of time. If regeneration is required, the molecular sieve catalyst
can be continuously introduced as a moving -beq; -___t_o a regeneration zone

SUBSTITUTE SHEET (RULE 26)



15 The aqueous solution of the desired netal is made by dissolving the
desired anount of the metal containing conpound in water under mld
conditions. Preferably the water is de-ionized. The tenperature of m xing
I s dependent upon the solubility of the netal conpound in water.

Al ternatively, JRHeym ot her than water may be sel ected. Ther@fiﬁgﬁﬁm@o
may be conducted under pressure or at atnosffheric pressure. e
resultant catalyst mxture is stirred as required. In sone cases,
stirring i s not t%’?‘Flred and the m xture ma undi st ur bed for.

t
adequate to perm R Hesn e | reenemted, néé?*bo?%t{%ne"a"m'g OXt 5?'{/'91""35 thme
pfoduct is finall wafddnkBesiss S@%ﬁ&al oy Wsﬁﬁ@atadi'f Iigd, rﬁndxﬁéhf-‘ddh?éimhb

nmet hods well known to those led in tHe ar process of
t aki ng the nol eculatmosphere Hrieipreferedrrracticg Qﬂtbe weeap@dhe catalygt vl bee

earth metal post yfbhes 5 PEjerdRattht UBY by il BHOLrBBNatiiRis dppnsits, VO

97/ 37763
-12- - 5 accumulated during the conversion reactions.

The foliowing exampies illustrate, but do not limit, the present invention.

Examples
10

Catalysts were prepared and then tested for methanol conversion,
Catalyst Preparation Examples

15 Comparative Example

SAPO-34 was prepared according to US-A-4440871 to provide a basis for

comparison with the examples of alkaline earth metal incorporated small

pore molecular sieve catalysts as prepared by the methods as described
20 above.

Example | - The invention

Sr-SAPO-34 was prepared as follows. A strontium containing solution
25 was prepared by dissolving 0.22 grams of strontium acetate in 20 ml of
de-ionized water at room temperature. This solution was added to 3.12
grams of SAP0-34 and the mixture was stirred for two hours, also at room
temperature. The solid catalyst product was filtered, and then washed two
times, each with 20 m! of de-ionized water. The finished catalyst product
30 was then dried at 110°C for two hours, followed by calcination at 650°C
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of the standard net hods well known to those skilled in the art including,
but not limted to, incipient wetness nethods, ion-exchange, and

mechani cal m xing. In one enbodi nent, a solution of the desired netal is
first nmade by dissolving the desired anmount of the netal containing 5
conpound in water under mld conditions. Preferably the water is de-

i oni zed. The VWM& MBure of mixing is depgndent upon the sol REIUSKTPSEI t he
nmetal compound in water, or whatever other nmediumis selected. The

process may be conducted under pressure or at atnospheric pressure. 10

After adequate fapsixteenthoars OThe resniting dakeiyst dvddics] mietal idaig bEB.58dvtapgo UNt
of " the nol ecul ar, sieve. The resulting mxture is stirred as required. In

sone cases, stiSFPAB4Ms not required and the mixture may be |eft

undi sturbed for a tine adequate to permt the desired |evel of

i ncorporation. The catal yst product is then filtered, optionally washed, 15
dried, and cal ciExampigil a¥entionl known to those skilled in the art.

For either thod of preparation, either in-situ or post-synthesis, the
anount of nefal which is incorporated into the nolecul ar sieve may vary
over a wide ran@a-8APER34,was prepheenkas followsr A calgiurh icontainimg solutiok was

method. PR BER TSR GenT HRs e deiihadily 20 REREET "
Ba- SAPO s may jonizéx® water at soum aemperdatures: TRiS solution was added to 3.014
Merr]Siferr]A [g(l?arrrn I2)#‘3351{ Oqa?trarrid twg[rﬁbrdug was left to stand at room temperature
10 for twenty four hours. The finished catalyst was filtered, and then dried at
110°C for two hours. The resulting dried catalyst was then calcined at

650°C for 16 hours. The resulting catalyst had 1.4 wt.% calcium.

Exampile lli - The invention
15 _
Ba-SAPO0-34, was prepared as follows. A barium containing solution was
prepared by dissolving 0.266 grams of barium acetate in 20 ml of de-
ionized water at room temperature. This solution was added to 3.136
grams of SAP0O-34 and the mixture was left to stand at room temperature
20 for twenty four hours. The finished catalyst was filtered, and then dried at
110°C for two hours. The resulting dried catalyst was then calcined at
650°C for 16 hours. The resuiting catalyst had 4.56 wt.% barium.

Example IV - The Invention

25
A reaction mixture is prepared by mixing 40.2 grams of aluminum
isbpropoxide, Al[O-CH(CH),], and 72.6 grams of 25.1% orthophosphoric
acid with vigorous stirring. Next, 3 mi of de-ionized water and 7.2 grams

of 25 wt% silica sol are added and the entire mixture is stirred for one
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wherein, the ratio of ato b =0.01 to 2, b=0.01 to 0.3,

WO 97/ 37763
PCT/ US97/ 05670
at | east 0. 05,

the ratio of b&gggb%ﬁsless t REPLAGED, 5

m=0 to 100, an

in terns of netal

THIS -SHEET | HASs BERN ¢5, b+c+d =1.0,

most prefer amy\éréﬂ;é)én aQe Jth&n ta%dga ]lb this mixture and the resultant mixture is

10

15

20

25

stirred for another hour in the same closed container. Once this mixture is
stirred, an aqueous solution containing 1.1 grams of strontium acetate
SrfOOCCH,], and 11 ml of water is added. The entire mixture is stirred for

thirty minutes and transferred to a teflon™ lined autoclave and heated to
195°C under autogenic pressure for 168 hours. The recovered product is
recovered by centrifugation and filtration, followed by washing with de-
ionized water. The solid is dried at 110°C for two hours, followed by
calcination at 550°C for sixteen hours to give a strontium
silicoaluminophosphate product with the following composition:

sro.msio.onA'o.zszPo.vsso ) mHzO

The structure is similar to- SAPO-34. The resulting strontium to silicon
atomic ratio measured in terms of an atomic weight basis will be 0.14 to 1.

Conversion Examples

Each of the prepared catalysts, the comparative and the two metal treated
catalysts, was then tested using the following procedure. 5.0 cc
(approximately 2.8 grams) of the selected SAP0-34 catalyst, were mixed
with 15 cc of quartz beads and loaded into a 3/4” outer diameter 316
stainless steel tubular reactor which was heated by a three-zone electric
funace. The first zone, acting as the preheating zone, vaporized the
feed. The temperature of the center zone of the furnace was adjusted to

give the desired reaction temperature of 450°C. The reactor was purged

first with nitrogen at 50 cc/min. flow rate for 30 minutes. The feed,
containing 30.8 wt.% methanol, equivalent to a 4:1(molar ratio) of water

(IR
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- X = to balance the charge,
NM="TTie alkal ife. earth netal of ZFCTUSINS6T0 B3
The amount of metal incorporated is nmeasured on an atom c nmetal basis 10
to silicon ratio. The netal to silicon atomc ratios are
in t he range HouorinOa Gdosed coRaiher.p 8fgramis| of 40 owi% .teBadthylamimdnidm and



The conversion process enploys a starting materi al
conpri sing "oxygenates". As used herein,
intended to conprise aliphatic alcohols, ethers, carbonyl conpounds

(al dehydes, ketones, carboxylic acids, carbonates, and the |ike) al ong

with al so thgﬁﬁeﬁ_%ggounds cont ai ni ng hetero-atons, eTge, a|h?| (H,g&,%?

(feedstock) 15
the term-"oxygenates" is

nmer capt ans, am nes, and m xt ureg-t hereof. et y 20
preferably contains from1l to 10 carbon atoms and nore preferably
contains 1 to 4 carbon atons. Representative oxygenates include, but are

not limted to, an@mthmql.awghpumpeﬂrlawdhedeewar anelcabhraled:waowem)flew their
unsaturated cou rek St g g ues
Fﬁt& o est\}gegtn% g%c?ﬂ%}g TTE ?agféégﬁo "mtied to: 25

of such. Exanpl es swta
met hanol ; et hanomvenmpnomdlop% so'ﬂme)pﬁhtslnt V@S an&l&aedlatonm-determinbgl

re;?z;pe;ﬂer nmet hy éy@&{ St 1 %ha?{ bnq n%t Bxﬁmé‘%&ﬁéﬁ"ﬁ%’ﬁﬁg b%é#eéitﬂgﬁ'&%ul fide;

di - et hyl ani pe; cuhdudhv@ﬂetecﬂeanﬂeﬁianidmhizdﬂondetetmirhyl car bonat e; -
met hyl ketone; acetic acid; and n-al kyl am nes, n-al kyl halides, n- aI kyl
WD 97/ 37763 _
PCT/ US97/ 05670 The resuits are shown in the followin% table. -14- sul fides,
each having n-al kyl groups of 3 to 10 carbon atons; and m xtures
““Jvention- "] “Invention” ] - iivention".
| SESAPC:34: | CaiSAPO-34:| Ba-SAPO-34
Ethylene, wt.% 482 67.1 52.3 50.3
Propylene, wt.% 34.0 224 4.7 353
Total of C,” and 83.2 89.5 87.0 85.6
Cy, Wt%
Ethylene to 1.3 2.3 1.5 1.4
propylene ratio

10  The examples illustrate an increase of over 36% in the ethylene yield
using the Sr-SAPQO-34 catalyst, as compared to the untreated SAPO-34
catalyst. The examples illustrate an increase of over 7% ir{ the combined
ethylene and propylene vyield using the Sr-SAPO-34 catalyst, as
compared to the untreated SAPQ-34 catalyst. The Ca-SAP0O-34 and Ba-

15 SAPOQ catalysts achieved a respective 6% and 2% increase in ethylene
yield as compared to the untreated SAPO-34 catalyst. The combined

ethylene and propylene yield also increased by 5% and 3% respectively.

Thus, in the conversion of a starting material to olefins, the use of a small
20 pore non-zeolitic molecular sieve is enhanced by the addition of one or
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thereof . The term "oxygenate" as enpl oyed herein designates only the
organic material used as the feed. The total charge of feed to the reaction
zone may contain additional conpounds such as diluents. 5 The
conversion process is preferably carried out in the vapor phase such

that the feedst } ontacted in a vapor phase in a reaction_zone wth

t he defi ned ml%ﬁg?mgi eve catal yst at eff.eative process condt T VEHI0B 55
to-produce the desired olefins, i.e., an effective tenperature, pressure,
|0 WHSV (Wi ght Hourl feltﬁpa e Velocity) and, optionally, an effective
amount of dil uent ,mem¥ gralaling egrthdnetalsyfestiontium, agiciuph And\Rarium, either
process may be cargi j § QK ase. \Wen the process is

carried out in thea‘frim(?ui&?%%gg%ws(‘j%ﬂ?ﬁﬁt conversions and selectivities of
f eedst ock-to-product nay result with respect to the relative ratios of the
15 light olefin products as conpared to that fornmed by the vapor phase
process. The tenperature which may be enpl oyed in the conversion
process may vary over a w de range depending, at least in part, on the
selected 20 nol ecul ar sieve catalyst. The process is conducted at an
effective tenperature range from200[err]C to 700[err]C, preferably
from250C to 600[err]C, and nost preferably from 300C to 500[err]C
Tenper atures outside the stated preferred ranges are not excluded,

al t hough they do not fall within certain desirabl e enbodi nents of the
present invention. At the lower end 25 of the tenperature range, and thus,
generally, at a lower rate of reaction, the formati on of the desired

| ight olefin products nay beconme markedly slow. At the upper end of
the tenperature range and beyond, the process may not form an optinmum
amount of |ight olefin products.
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The process is effecti Ve o R over a w de range of pressures
i ncl udi ng aut ogeneous pr ! - essyrghe ! dLEe—tangefrom 0.1 kPa
to 100 MPa, the formati offi Ml £in Jpl GRIRHEET L f ect ed

al t hough h tj num anount of produc eyl | RERBAC ily format all
5 Vo -

pressures. P2t erred pressure is Lgpdthe range TTonmT6 RETUSATASE7034
Mpa, with the nost preferred range being from48 kPa to 0.34 MPa. The
pressures referred to herein for the process are exclusive of the inert
di luent, if anyWhatlsGlaimedisiesent, and refer to the partial pressure of
the feedstock as it rel ates to oxygenate conpounds and / or m xtures

thereof. Pressures |0 outside the stated range are not excluded fromthe
scope of this irventifooatalyst compositionhcamprising anmen-zedliticvinoleculac eievai n

desirabl e enbodi nents qf _the invention, At, the lower _and, upper end of
t he pressure range, an %‘é%/(?ﬁd'f‘me a 3‘!’!1%953%9?%- Eff&gé%cgﬂ%m grr?é"pand /
or rates to Isi ght ol ebhsistifig (BfCétForitiabh, "&icium, bati@il and MhikRired tthersdr,
al though light olefins such as ethylene may still be 15 formed. . The
process is effected Mitereingbeinoa-zsolitc molegylar Siewnmbas 8 Rare dipraeter size
desired olefin prw“‘b?fegs'tﬁaﬁﬁ'ﬁfy@lmm%.he resi dence tine enployed to

ary

produce the desired product can rom seconds to a numnber of hours.
2. The catalyst composition of claim 1, wherein the non-zeolitic
10 molecular sieve comprises a third metal oxide in addition to the

alumina and silica components and the silicon to aluminum atomic
ratio is less than 0.8.

3. A method for converting starting material to olefins comprising
15 contacting the starting material with a non-zeolitic molecular sieve
catalyst under effective conditions to prodppe olefins, wherein the
non-zeclitic malecular sieve comprises a catalyst composition of
claims 1 or 2 and has been prepared in-situ or modified after
molecular sieve synthesis by incorp_oratibh of an alkaline earth
20 metal selected from the group consistin_g.'of strontium, calcium,
barium, and mixtures thereof, using an alkaline earth metal
compound, wherein the alkaline earth metal ion is selected from the
group consisting of strontium, calcium, barium, and mixtures

thereof. | '

25

4, The method of any of the preceding ctalms wherein the molecular
' sieve catalyst is selected from (I:ie group consisting of a

phosphate (ALPO), and

silicoaluminophosphate (SAPO), -alu?riiné

mixtures thereof, preferably is selectedfrom the group consisting of

e
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20 It wll be readlly appremated h%edthe residence tine will be

determned to a si§n the reaction tenperature, the
pressure, the nol ec “ cte THIS‘%H% tpeppase (liquid or
vapor), and the pro r act erl St hESy i/ S B?—ed 25 The

process is eff carried out over a \ dar Jﬂﬁg
f eedst ock and @ggg'éﬁlgér/ally in the range fregu 0.01 hr[err] tolic%"&m% m']
preferably fromO0.1 hr[err] to 200 hr[err], and nost preferably fromO0.5

hr' and 100 hrferr]. the catal yst may contain other materials which
act as inerts, SARQ}1§,7$6F@8@ SAPO-34, 0-44, and SAPO-56, gnd most

PCT/ US97/ 05670 H’fﬁr&éﬁ % §4cul ated on the. wei ght basis of

nmet hanol and snal | F ecular sieve used. The conver si on
process may optlonally be carried out in the presence of one or nore

amount bet ween 1 ohnd S0edRRRBTANY o ing Feo il LSy %*F‘Efem the FEARRIF of "

nmol es of all %eed and swvleueatalysbppmeizesnsfgrdaﬁeo théire 3.3 #Acigstroms and less
than 5.0 Angstroms, preferably greater -ihan 4.0 Angstroms and
less than 5.0 Angstroms, and most preferably in the range of from
4.3 to 5.0 Angstroms.

10 6. The method of any of the preceding claims wherein the alkaline
earth metal is strontium or calcium and preferably is strontium.

7. A method of any of the preceding claims wherein the alkaline earth

metal compound is selected from the group comprising halides,

15 sulfates, formates, acetates, alkoxides; carbonyis, nitrates, or
mixtures thereof and preferably is a carbanyt.

8. A method of any of the preceding claims wherein the modified non-

zeolitic molecular sieve has a metal to silicon atomic ratio in the

20 range of from 0.01:1 to 2.1, preferably in f_h_e range of from 0.05:1 to
1.6:1, and most preferably in the range of from 0.01:1 to 1:1.

A method of any of the preceding claims wherein the process for

converting the starting material to olgﬁns is conducted at a

25 temperature of from 200°C to 700°C, preferably at a temperature of

from 250°C to 600°C, and most preferably at a temperature of from
300°C to 500°C.

\\\\\\l\\\\l\\ |\|\\ \\\\\ \\\\\\
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zone (or catalyst). Typical of diluents which may be enpl oyed in the

I nstant process are hel heaq_lggmmmﬂabﬂgen carhon—eRext carbon 10

di oxi de, hydrogen, vvater droc r‘mvslsS!{EE[ud‘lA 51":@3 hane),
aromati ¢ conmpounds, and He pr ehePU&BEDdl | uepts are

wat er and nit %ﬂ rodu ~-af—proCceEsSs nmay be carried out
I n a batch, 17553 conti nuous or continuous fashion. The PFHBEWIASEA/N be

conduct ed in a. single reaction zone ‘#*-a nunber. of reaction zones
arranged in series or in parallel, or it may be conduct ed

|
intermttently O‘ioconﬂ\\/@ s\o‘ d)fBTry'of the ?Fécgﬂiﬁgt QaimisUWHbrRin Wé‘%té?fuag"

nunber of such zones eact10n zones are enpl oye
may be advant ageous tmatmpl @edmeseiec@ frmmﬁbecgroume:oueﬁtlrecpfmlhlanpbre

i et o the natur e coBdl teh@baNI fecbfinaRol, Gy <63 AGhdit, By TiAlh 1L
process of the presengthenwdiahethyl ahqua-e]}ﬁyltémamﬁ:-isop:aﬁyl ﬂmedf%wsm in
stem of a vyarie of , tran r e

25 d bed t
r at hgr ynam tc?laﬁ |?1y2°? @%‘ebeéaréégwerﬁ"“@&‘fﬂ yﬁ“g?/ré"%‘ﬁ?ﬂ &%g%‘?fi vy ovi de
for any regeneraﬁﬂeﬁ?ab?/fcmﬂbﬁﬁf&hﬁolbh&m&hﬁémeﬂ si eve catal yst

after a given period of tine regeneration 4is required, the
nol ecul ar sieve catal yst can be continuously introduced as a noving

bed to a regenerayi ONTROMocess of any of the preceding claims wherein the starting
material also includes a diluent.

10
12. The process of any of the preceding claimms wherein the diluent is
selected from the group consisting of wéter, nitrogen, hydrogen,
paraffins, olefins, aromatics, and mixtureé thereof, and preferably
the diluent is water or nitrogen. |
15
13. The method of any of the preceding claims wherein the starting
material comprises a halide, a mercaptan, a sulfide, or an amine.

14. The process of any of the preceding claini_s.wherein the process for
20 converting the starting material to ole_fi'n_s is conducted at a
pressure of from 0.1 kPa to 100 MPa, p‘ré_ferably at a pressure in
the range of from 6.9 kPa to 34 MPa, and most preferably at a
pressure of from 48kPa to 0.34MPa. .

25 158. The method of any of the preceding clain;i_jg;wherein the process for
converting the starting material to oléﬁps using the treated
molecular sieve is conducted at a WHSV
to 500 hr”', preferably at a WHSV in the range of from 0.1 to 200 hr’
', and most preferably in the range of fro':';'_l 05 to 100 hr',

||II|III IIIIII IIII| IIIII | IIII
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WD 97/ 37763

PCT/ US97/ 05670 This Sheet Has Been Re laced where it
can be regenerated, such a Hﬁlty re nTEETlH’I&nBSm ceous
materials or by oxidation nt ailni ng REPLAGERD sphe In the
preferred practypgs8476i he |nvent|on the catalyst wll be subj ect to a
regeneration step by burning off car bonaceogg deposits s acc

during the conversion reactions. The fol | owi ng exanples illustrate,
but do not limt, the present invention. Exanpl es 10 Cat al ysts

were prepared and then tested for nethanol conversion

Cat al yst P t APQ- 34
pr ega?/Zd aggg?{j?nl Efﬂ"rg;p'zfﬁ?ﬁ%%r P@”BF'BQ.% ygggggt-ay&thesns aceying: ‘ngﬁ

with.the exanples of aldqaimge o?QFWhlcﬁ‘HoﬁipanﬁHrﬁﬁHg%é ﬁﬁxt&féaédntammg WY 6r
nol ecul ar sieve catal ysts as prepared by the nethods as describ

above. more sources of alkaline earth metats selected from the group

5 consisting of strontium, calcium, banum.-.-_and mixtures thereof, in a

solvent and treating the non-zeolitic molecular sieve with the

mixture under conditions sufficient to ihcarporate a desired amount

of the metal.

10 17. The process for preparing a catalyst in-situ according to Claim 1 or
2, which comprises forming a reaction mixture containing one or
more sources of alkaline earth metals.selected from the group
consisting of strontium, calcium, barium, ‘and mixtures thereof, and
precursors required for producing the né_n-zeolitic molecular sieve

15 and subjecting the. mixture to conditiohs sufficient to form the
catalyst.

s S v
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Example | - The invention Sr-SAPO- 34 was prepared as follows. A
strontium containing solution 25 was:prepared by dissolving 0.22 grans of
strontiumacetate in 20 m of “‘de-ioni zed*wat er at room t enper at ure.
This solution was added to 3.12 grans of SAPO 34 and the m xture was
stirred for t al so at room tenperature. The soli t
product was f?ﬁ?gggé,ﬁﬁnd t hen washed two ti mes, each mﬁgﬂﬂggﬁﬂ#¥%¥
de:ionized water. The finished catal yst pr ct 30 was then dried at 110C

for two hours, followed by calcination at 650[err] C WO 97/ 37763
18 PCT/ US97/ 05670 for sixteen hours. The
resulting catalyst had a netal |oading of 3.55 w.% strontium
Exanple Il - The invention 5
@
;‘
e
| ®
T
Lo
v.
F
e ———— o
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o -
o
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® ® ® © ® © = ©
18] [+ ] D = = [\~) 9] .
™~ w n v m N - ©

SUBSTITUTE SHEET (RULE 26)



- . o CiRg~ |
Ca- SAPO- 34, was prepared as follows. A cal cium containing solﬂt@on was

prepared by dissolving 0.184 grans of calciumacetate in 20 n oﬁf@i&.m.
ioni zéd water at roomtenpesih ' __ G314

graits of SAPO-34 and the ee %@@@Pﬁﬁtﬁﬂw rgg@nperzltﬁJMAYl’ﬁbB

for twenty four hours. The finished catalyst was filtere hem—dried

at . 110[err]C for two hours. The re dried cat al‘?%‘*flwas then. 2T
cal ci ned at 650C for .16 hours. ThelTH{ ting catalyst had 1.4 wt. %

cal ¢i um - Exa le 11l - The Invention 15 Ba- SAPO- 34, was

prepared as fol | ows INTERNATIONALRRELININARYEXAMINATION REPQB;F ed Qy

di ssol ving 0. 266 grams of bariumacetate in 20 nl of de- Il oni ze ter

at room tenperature. This- sol.uti(BFTwWARBICIe3@and e 70k grans of SAPO 34 -

-u-.—

limin: aminati nR rt

and thg S—-ett—t-o—gt-ant—at—oom-terperatti-e—20—ior—tweniy—{our
hours. nganho{’lalg%;ﬁ iiﬁ “Catal yst | waFORIFURTHER AGTION t heﬁl*’d?“ jgn ot fransmital °f(gn§r;pg'gf*{§£c
for twoBF88RY2 The resultingldried catal yst was then Cal cine

f or .16 |hevateal appigiorNesul t | Ng ¢ dtembtiyritiiiniidets (dyrbdbtvivdar) % D pifriorityitate (day/month/;Eat)aan e |1V
- The | peROSHVIEE2H A redoa/qugg‘ri xture is prepar egh/duyi98s Xi ng 40. gr ans

Of'alu hioreda: a3 Hdhéﬁ b‘ﬁ MishmumbLC|l]I|_c|| artret 72.G_gra.. of

. 1% ()‘é@ﬁd&"gpam (')réi'ﬁc Re)r acf@h Ma?] vigorous stirring. Next, 3 nl of

de i oni 12 er and 7.2 grans of 25 wt% silica sol are added and the
entirefm xture is stirred for one :

Applicant
JEXXON CHEMICAL PATENTS INC.

1. This international preliminary examination report has been prepared by this International Prelimlnary Exammlng Authority
and is transmitted to the applicant accordmg to Article 36.

.1 2. This REPORT consists of a total of 5 sheets, including this cover sheet.

® This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings
which have been amended and are the basis for this feport and/or sheets containing rectifications made
before this Authority (see Rule 70.16 and Sectlon 607 of the Administrative Instructions under the PCT).

These annexes consist of a total of 5 sheets.

3. This report contains indications relating to the following items:

l X Basis of the report

I 0O Priority
Il O Non-establishment of opinion with regard to novelty, mventlve step and industrial appllcabllny '
IV [O Lackof unity of invention’ :
Vv Reasoned statement under Article 35(2) with regard to novelty, mventlve step or industrial appllcabtltty
citations and explanations slipporting such statement
VI O Certain documents cited
VIl [ Certain defects in the international application
Vil ® Certain observations on the international application
Date of s_ubm'ission of the demand ) Date of completion of this report
03/11/1997
Name and mﬂling address of the IPEA/ L Authorized officer
European Patent Office _
g D-80298 Munich T Jourdan, A
Tel. (+49-89) 2399-0, Tx: 523656 epmu d -
Fax: (+49-89) 2399-4465 . ' Telephone No. (+49-89) 2399-8349

Form PCTAPEA/409 (Cover sheet) {January 1994)



98LKR233. DOC -19- - hour in a
cl osed container. 15 grans of 40 w % tetraet hyl ammoni um "hydroxi de are
t hen ddded to this mxture and the resultant mxture is: stirred for

angt’ herl JiLE AONAL cont ainer Once this mxture is

stirre % %ﬁ@ talnlng 1.1 grans of strontlumaﬁéiﬂﬁg o)
Sr[ 1 nl of water is addetemplirnalappication oyt 97/05670
stirred for th| rty mnutes and transterred to a teflonTMI1ined

aut ocl ave and heated to 195[err] C under autogenic pressure for 168
hour s. LTiBasis otthederait pr oduct i s recovered by centrifugation and

1L 8 B 5 o Bl i el W P
dried at Jotbldsis m{mt“éﬁgeAﬁﬁe& ( eprﬁg ﬁffgw ICO‘;‘FHQ il anfl Egt%eﬁﬁ? iﬁf "

for sixt ‘?I?e'}e pdNHCS tHelp do Bt\ebntaiRt amériditd 5um nOphOSp
product wth the follow ng conposition;

Sr[ er r] SiDeseriftioh/rRaged:P[err] O . nHerr] O 15 The structure is siMIar to
SAPO- 34. The resulting strontiumto silicon - atomic ratio-measured in
terns of 1d8.28@4ni ¢ wei @awriginglly fledyi | | be 0.14 to 1. .

Conver si ?3 Exanpl es

as received on ' 14/04/1998 with letter of 08/04/1998

Claims, No.:

1-17 asreceivedon 14/04/1998  with letter of ' 08/04/1998
- Drawings, sheets:

”m- as originally filed

2. _The amendments have resulted in the cancellation of: .

O the description, pages:
O the claims, Nos.:
O the drawings, sheets:

3. O This report has been established as if (some of) the amendments had nof been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)): -

4. Additional observations, if hecessaly:

Form PCTAIPEA/409 (Boxes I-Vill, Sheet 1) (January 1994)



20 Each of the prepared catal ysts, the conparative and the two netal
treated catal ysts, was then tested using the foll ow ng procedure. 5.0
cc . (approximately 2.8 grans) of the selected SAPO 34 catal yst, were

m Xed |INTERNATIONALCPRELIMBNARNc2ds and | oaded into a 1.9 cm (3/ 4") outer
di anet s steel tubular reactor whl
t hr ee- %ﬁéngﬁgﬁﬁg C turnace. The first zonﬁ!'? ematipn appﬁ@a%n?%@ ?&ﬁ%ﬁ@sem

zone, vaporized t he feed. The terrperature of the center zone of the
l?rt:gle\é desired reaction tenperature of

furnac
450[ er f‘f &ﬁf&&}%ﬁg n;ﬂ%g’ syplanat las‘gilppo 4 ':g%a;%’f'ﬁ;ﬁe“%‘ﬁ"ﬁ%ﬂw gt indysteial ) nj .

flow rate m nu 8 % net hanol ,
equi val er% to a 4:41 (m)l ar ratio) of wat er WO 97/ 37763
pCT/ Useh/oeme | - 20- and

met hanol nped into the regactor, and calibrated to give a flow
rate of d“mlﬁr(ﬁg V] g re1aof 3 psig. In each case, the

rr] VWHSV 3&
met hanol . ‘conversion € 100%™ The effl uent was anal yzed at
pr e- det erinienthd step (IS) i Nt er vares: bgiaimis antA i ne gas chromatograph fitted with
both a thermal 5 conductiNet t yChisisector and a flame ionization detector.

Industrial applicability (IA) Yes: Claims 1-17
: ' No: Claims

2. Citations and explanations

see separate sheet

VIil. Certain observatioris onthe international application

The following observatlons on the clarlty of the clalms description, and drawmgs oron the questlon whether the
claims are fully supported by the descrlptlon are made:

see separate sheet

Form PCT/IPEA/409 (Boxes I-VIII; Sheet 2) (January 1994)



The results are shown in the foll ow ng table.

Conparati.ve I nvention | nventi on. | nvention Oefin Yield

SAPO- 34  Sr SAPO 34 Ca- SAPO 34 Ba- SAPO 34 Et hyl ene, wt.% _49. 2
- %

S+ > INTEBRAATIONAL PREJIMINAR BRY o DOy matianat apoeation Nevo. |30T/usg7/05g700

85.6 - EXAMINATIQON RRPORT - SEPARATE BHEEE t o 1.3 2.3

1.5 - 1.4 propyl ene ratio 10 The exanples 1llustrate an

i ncrease of over 36%in the ethylene yield ~ using the Sr-SAPO 34 .

catal ysty.,as conpared to the untreated SAPO 34 cat al yst The exanpl es

or oyt ool IR OB e Sayhi 8 BaB)Ee e over i i e one
unt r eat ed SABUMW@MS tof t%@emhs&pmwsdmb&?cawyst SaRpasition gormprising |
are
fo the untr cATRIeRUBEsedaviy poré 2o coﬁﬂsﬁhi}* 65ingn, 8 AgSHdnE ol R
yi el d al so i Atkaling earthymetn) selgcted frera fbe group ¢f calcium, bamosand@rtstr@ntlum |
conversion of a startlng material to olefins, the use of a small 20 pore

non-zeol it CC'BDse%f Bnglr art '1se\\/\f0é§/0§§4§ r\kﬁ\?&w gr\éc OgSS aacépl Ié crcilrs]ta?ﬁneone or

silicoaluminophosphate having a pore diameter of between 4 and 5 Angstroms.

2. The silicoaluminophosphate of WO95/05342 is useful in the conversion of
methanol into light olefins C,-C,. However, none of the prior art documents glve a
hint that the conversion towards ethylene and propylene can be improved by
incorporation of calcium, strontium or barium into silicoaluminophosphates.
Therefore, the subject-matter of claims 1-17 also seems to involve an inventive
step.

3.  There is no doubt concerning the industrial applicability.

Vil
1. Accordmg to claim 1 the non-zeolitic molecular s:eve shall comprise a metal oxide
and either AlO2- or SiO2. The altematlve disclosed in the description on page 8,
last line to page 9, line 2 that the non-zeolmc molecular sieve shall comprise a
metal oxide and both AIO2- and S|02 has been omitted from the claim 1. Due to’
this there is a discreparncy between clanm 2 and claim 1 leading to a lack of clanty
accordmg to Article 6 PCT. '

2. The wording of claim 16 is not clear contrary to the requirements of Article 6 PCT.
Presumably, it could read "A post-synthesis process for preparing a catalyst
according to claims 1 or 2...." or "A process for prepanng a catalyst according to
claims 1 or 2 by post-synthesis..." '

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)



WO 97/ 37763 - ' 21 '
PCT/ US97/56 Athe term "stacrmg ofatetial" abédlin clairedi5t is broades than thertermi um:

¢ 3'& Lum and and “BydetBtes (¥ in the pfétddity Baim9 s mﬁﬁér?éﬁ@ 1§%a¥&§%héwms |
Clained is: dlscreparlcy leads to adagksef clarityaocording te oMiclest RETa non- zeol i ti c

nol ecul ar si eve and one or nore al kaline earth netals sel ected
fromthe group '

Form PCT/Separate Sheet/409 (Shest 2) (EPO-April 1997)
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5 consisting of strontium calcium barium and m xtures thereof,
wher ei n t he noseswgedodci ¢ nol ecul ar sieve conprises, a nmetal oxide
and either AlJerr] or Siderr] and the non- zeol i te nol ecul ar si-eve has a_

poré dianeter size .of |less than 5 Angstrons. 10 2. The cat-alyst
conposition of claim 1, wherein the non-zgolitic nol ecul ar’
sieve conprises a third netal oxide in addition to the : al um na .
and silica corrponents and the silicon to alunminum atonc ‘ratio

i | th t hod. f t t to ol efin
S S ey o T o T WAL TR
nol ecul ar - si eVﬁydroxrde are theA!dddsd 9" nﬁ%?&tanéﬁ tﬁé)rlgsulta?ﬂsml)&ur%r pduce

ol efins, whereih non- zeoﬁrt I'C nol ectdliar sreve conprises a

cat al yst corrpostmreab romdnother hour in the Isamesclbsed cantambrhaenwtrrls priRtuee &
in-situ or nodified after 20 mol ecul ar, si eve ‘synt hesi s by
i ncor por at i on sfirreg, ankagyenuscgelution contalnlng 1ntat%ﬁm§e9fe§treﬁt“#moﬁ$@tﬁ? gr oup

consi sting aI | mgpﬂmzﬁ ?‘l ¥lof water is addect)afl‘aé‘ghm}]%%r%?éﬁ ﬁ'ﬁﬁ%r eof

usi ng an al erel

earth metal m&gﬂn@ht@&% ftr‘" ngérre%l to a tgflon™ hr%dj'alﬂt]dcﬁl/%' Shd P2afid tp

strontium Ca|CI u artum - and m xtures
- The nethod of 48§°Gfundee aptogenit pgasshae for 1@8&hetns. t‘Fhae nedovenddiproduct is

si eve catal yst |s sel ed fr t he consj sti'ng of a
S 1T cont uni nop RAGYRIRE BySawryuGation: Adb UGl JolowRth by aveshing with de-
mxtures ther elezéH %\la‘térab'vhé 3oh€!i8 drfed G qfllobbefo@ft@lbo hoBFs! BlibREd By

10 calcination at 550°C for sixteen hours to give a strontium

srllcoalumlnophosphate product with the followmg composrtlon

S S'O 072AIO 292P0 1590 mH O

15 The structure is similar to SAPO-34. The resulting strontium to silicon

atomic ratio_measu‘red in terms of an atomic weigf_l__-___t_‘_t'.__basis will be 0.14 to 1.
Conversion Examples

20 Each ofthe prepared catalysts the comparative and the two metal treated
catalysts, was then tested using the follown'_ '

(approximately 2. 8 grams) of the selected SAPO '4 catalyst, were mixed
with 15 cc of quartz beads and loaded into a 1

cm (3/47) outer dlameter
316 stainless steel tubular reactor whlch wa eated by a three-zone
25  electric furace. The ﬁrst zone, actlng as the: ieating zone, vaporized
the feed. The temperature of the center zone | the furnace was adjusted

to give-the desrred reactlon temperature of 450°C. The reactor was

purged first with nitrogen at 50 cc/mm ﬂow rat ;30 minutes. The feed,

containing 308wt% methanol equrvalent to : (molar ratio) of water

AMENDED SHEEI
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SAPO 17, SAPO BBLKRAPCE 34, SAPO- 44, and SAPO 56, and nost

preferably i s SAPO 34. 5. The net hod of any of the preceding

cl ainms wherein the nol ecul ar ‘5 si eve catalyst pore size is greater
than 3.5 Angstronms and | ess than -22-5.0 Angstrons, preferably
greater than 4.0 Angstrons and | ess than:-25 0 Angstrons, and nost.
preferably in the range of from4.3 to ()Angstroms 10 6.
The net hod of agﬁ gi ]b.l'l}ﬁnp&egedl ng cl ains wherein the al kaline

earth netal is | cium and preferably is strontium 7.
A nethod of any of the preceding clains wherein the al kaline earth

metal conpound is selected fromthe group conprising. halides, 15

sul fates, fornst.es, hc@db’&s?omp@s&bde@mﬂsm@n?lrlqn-ne@llf@t wolealar sieve

i xtures thereof and ard %fn%r 3rb In)(ore afRafiiié be%réﬁ metals selected from the group

5 consisting of strontium, calcium, barlum .and mixtures thereof,
wherein the non-zeolitic molecular sieve ,-_e_ompnses a metal oxide
and either AlO, or SiO, and the 'non-zeo_lite molecular sieve has a
pore diameter size of less than 5 Angstroms: '

10 2. The catalyst composition of claim 1, Wherein the non-zeolitic
molecular sieve comprises a third metal ‘oxide in addition to the
alumina and silica components and the snhcon to aluminum atomic

ratio is less than 0.8.

15 3. A method  for converting oxygenates';__'j_ to olefins 'comprising
contacting- the oxygenate with a non;ieolitic molecular sieve
catalyst under effectlve conditions to produce olefins, wherein the
non-zeolltlc molecular sieve comprises a catalyst composition of
claims 1 or 2 and has been prepared ln -situ or modified after

20 . molecular sieve synthesis by incorpdratidn of an alkaline earth
metal selected from the group con'sisti@_ of strontium, calcium,
barium, and mixtures thereof, using an alkaline earth metal
compound, wherein the alkaline earth metal ion is selected from the
group eonsisting of strontium, calfei_un_ii_g,fi:barium, and mixtures

25 thereof. . |

4, The method of any of the precedlng _clalms wherein the molecular

sieve catalyst is selected from | f_e ‘group consisting of a

smcoalummophosphate (SAPOQ), alu'mmop'hosphate (ALPO) and
30 mixtures thereof, preferably is selected frg_m the group consisting of
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8. A nmet hod of any of the preceding clains wherein the nodified non-
zeolitic nol ecedLamressbeve has a netal to silicon atonmic ratio i-n the 20
range  of fromO0.01:1 to 2:1, preferably in the range of from0.05:1 to
1.5!1, and nost preferably in the range of fromO0.1:1 to 1:1. 9. A
met hod of any of the preceding clains whepgeiLn the process for '
converting the oxygenates to olefins is conducted at a tenperature 25

of from200[err]Cto 700[err]C, preferably at a tenperature of from

From s00[err1C to SAPC-TRSAARHR, SHROTESABEY, BhaleRbchap A s o

the preceding cl ai mprafeessy is SAPCRBYgenat e 30 is selected fromthe
group consisting of nethanol, ethanol, n- 98LKR233. DOC :
-24 - propanol , isopropanol, Cerr] -,Cerr] alcohols, nethyl

et hyl ether, di.- thyl ;ether, di.-ethyl ether. di-isapropyl

ether, di-nmeth carTlS@n@Pg,'Od g?any of%e Rfﬁ?%%ﬂgld%mﬁﬁﬁﬁ@? qg&?\d“‘ﬁgﬁ‘ﬁ%es

thereof, ang preferaplk catalyst pore size is greater than 3.5 Angstroms and less than
5.0 Angstroms, preferably greater than 4.0 Angstroms and less
than 5.0 Angstroms, and most preferably in the range of from 4.3 to

5.0 Angstroms.

10 6. The method of any of the preceding claims wherein the alkaline
earth metal is strontium or calcium and prefei'ably is strontium.

7. A method of any of the preceding claims wherein the alkaline earth
metal compound is selected from the group combrising halides,
15 sulfates, formates, acetates, alkoxides, carbonyls, nitrates, or

mixtures thereof and preferably is a carbonyl.

8. A method of any of the preceding claims wherein the modified non-

zeolitic molecular sieve has a metal to silicon atomic ratio in the

20 range of from 0.01:1 to 2:1, preferably in the range of from 0.05:1 to
1.5:1, and most preferably in the range of from 0.1:1 to 1:1.

9. A method of any of the preceding claims: wherein the process for
.converting the oxygenates to olefins is conducted at a temperature
25 of from 200°C to 700°C, preferably at a tejnperature of from 250°C
to 600°C, and most preferably at a temperature of from 300°C to

500°C. '

10. The method of any of the preceding claims wherein the oxygénate

30 is selected from the group consisting of methanol, ethanol, n-

. ”“‘“Jl“'“l“ﬂ“'LIH I“‘ AMENDED SHEET



conprises nethanol or dinethyl ether. 5 11. The nethod of any of

t he precedi ng CFdR#8Oherei n the oxygenate feed al so includes a-
di | uent. - 12. The nethod of any of the preceding clains wherein the
dilUent is 10 - selected fromthe group consisting of watér, nitrogen,

hydr ogen, paraffins, ol efins-2d4romatics, and m xtures thereof, -
and- preferably the diluent is water or nitrogen. 13.

The net hod of any of the preceding clains wherein the oxygenate 15

conprises a halide, gropanéRRsastopansluld] deg,0hIcBRoRMIMEthy! sthyl ethdr gilNe
met hod of any of theﬁp?gcedi n(gnc ai s \A‘/Inerefon t he procesg me , i

converti-ng oxygenat dnethybethergi-etbylcethen clidsbpiopyl athes zdil-mat?ﬂf darbaomate,
0.1 kPa to 100 MPa, Jr rab t pressure. in the range o rom 2

6.9 kPa to 34 MPa, a 58%@& é&}!m,yag a{"'ﬁt“gﬁu?_eﬁpﬁf ri _ prerpera%.ly
48kPa to 0.34MPa.  comprisée. methamol®t diptbtRyl ether.of the preceding clains
wherein the process for converting the starting material to

ol efins usifg the treated 25 nol ecul ar sieve is conducted at a WHSV .

in the range of,4fro to 500.hr[err], .preferably at VHSV
in the range of 1frorr"x_‘|% %]e[t%oﬁ%any of the preceding %%"T‘L Vﬂgﬂe%&? YaCER®I y in
the range of from 0.feed @istliRchidesd diluent.

12.  The method of any of the preceding 'claims wherein the diluent is
10 selected from the group consisting of water, nitrogen, hydrogen,
paraffins, olefins, aromatics, and mixtures thereof, and preferably

the diluent is water or nitrogen. |

13. The method of any of the preceding claims wherein the oxygenate
15 comprises a halide, a mercaptan, a sulfide, or an amine.

14.  The method of any of the preceding claims wherein the process for

converting oxygenate to olefins is conducted at a pressure of from

0.1 kPa to 100 MPa, preferably at a pressure in the range of from

20 6.9 kPa to 34 MPa, and most preferably at a pressure of from
48kPa to 0.34MPa.

15.  The method of any of the preceding claims wherein the process for
converting the starting matelfiai to olefins using the treated
25 molecular sieve is conducted at a WHSV in the range of from 0.01
' to 500 hr”, preferably at a WHSV in the range of from 0.1 to 200
hr', and most preferably in the range of from 0.5 to 100 hr,

16. A process for preparing post-synthesis according to Claims 1 or 2,
30 which comprises forming a mixture containing one or more sources

N e
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16. A processgd afigepari ng post-synthesis according to Clains 1 or 2, 30
whi ch. conprises formng a m xture containing one or nore sources

98LKR233. DOC _ -25 - _ of
al'’kaline earth nmetals selected fromthe gﬁzyp consi sting of _

- strontium calcium barium and m xtures Thereof, in a solvent and
treating the non-zeolitic nolecular sieve with the m xture under .
conditions sufficient to incorporate a desired anmount of the netal. 5

17.  An in-situ pretaikaling egribpmetalg -aelestasl from dbeogeuny copsistingnefi or

2, which conprises I eaction m re. L.0j n 1 '
nore sources of al k%ﬁ'{)ﬁ?éd}ga???fﬁﬁﬁ’t g%@f@e?b@t@@%%%?#y’gﬁoﬁpS%Ivent and
consi sting of strontielilhg CthEChomzeBitid Wdledidr NBieva!ath theRkturealfAddP
precursors required for producing the non-zeolitic ol ecul ar sieve

and subj ecting the gbrditioas sufficiendta ingesperate aslesited eguit of theemetal.
cat al yst. , -

5
17.  An in-situ process for preparing a catalyst according to Claim 1 or
2, which compriseé forming a reaction mixture containing one or
more sourt,ﬁes of alkaline earth metals sélectéd from the group
consisting of strontium, calcium, barium, and mixtures thereof, and
10 precursors required for producing the non-_zeoliti_c molecular sieve

and subjecting the mixture to conditions sufficient to form: the

catalyst.
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