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| NVENTI ONWOle/obdemt t ed supply and increasing cost of crudePaiTlusaaeo2ps onpt ed
the search for alternative processes for produci ng hydrocarbon products.
One such process is the conversion of nethanol to hydrocarbons and
especially light olefins (by light olefins is neant C2 to C4 olefins). The
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t hat net hanol can be 8l WeldH COBICAERYSTALMORPHGLO®Y t he production of
synthesi s gas WAND METHANOR T €t FRINIPROCESS ¢/ SIRChARE SIHYEcesses for
converting nethanol to light olefins are well known in the art. Initially
alum nosilicates or zeolites were used as the catal ysts necessary to carry
out sthe conversion. For BREGKEROUNE QISTAEINGENGRIN US- A-4, 328, 384,

US- A-4,423,274. 1s These patents further disclose the deposition of coke
onto the zeolThedsnited supjdy ahd indreasingestel erite\dilthast promped the eéanch fand
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to excl ggathebRus iRieh (kineatprécabisamasd prodfcetméthAhel. A particul arly preferred

SAPO i s SAPO-34. US-A-4,752,651 discloses the use of nonzeolitic nol ecul ar
si eves ( NzMvBProggssesciongionyettingrosthane! e Agtt elafies arar well dpewn: th tha artyze

ot ecul 1AV EnThEReA BE7H0B8 nERE sBeH R R sttdF sl Mot B ghE” |,
the ' 30&heabevdrsioh. | Borddamipds,esbe DSLAMORER;68 BrUSH84328,384, WE-Ah4 403001, t he
nol ecul ar sieve particles have a particle size |ess than m and 30 no
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have increase selectivity to light olefins and minimize the formation of Cs+ byproducts. The

effect of the coke is to reduce the pore diameter of the zeolite.
The prior art also discloses that silico aluminophosphates (SAPOs) can be used
to catalyze the methanol to olefin process. Thus, US-A-4,499,327 discloses that many
20 of the SAPO family of molecular sieves can be used to convert methanol to olefins.
The '327 patent also discloses that preferred SAPOs are those that have pores large
enough to adsorb xenon (kinetic diameter of 4.0 A) but small enough to exclude
isobutane (kinetic diameter of 5.0 A). A particularly preferred SAPO is SAPO-34.

US-A-4,752,651 discloses the use of nonzeolitic molecular sieves (NZMS)

25 including ELAPOs and MeAPO molecular sieves to catalyze the methanol to olefin
reaction.

The effect of the particle size of the molecular sieve on activity has also been
documented in US-A-5,126,308. In the '308 patent it is disclosed that molecular sieves
in which 50% of the molecular sieve particles have a particle size less than 1.0 ym and

30 no more than 10% of the particles have a particle size greater than 2.0 ym have
increased activity and/or durability. The '308 patent also discloses that restricting the
silicon content to about 0.005 to about 0.05 mole fraction also improves catalytic

performance.



I ncreased activity and/or durability. The '308 patent al so discloses that
restricting the silicon content to about 0.005 to about 0.05 nole fraction
al so i nprwoeg/ocatal ytic performance. 1 In contrast to tIRCI/E01/09263

appl i cants have found that nol ecul ar sieves having the enpirical formula
(ELxAlyPZ) @2 (hereinafter ELAPO where EL is a netal selected from the
group consi stn rgnbrastsid thisoart, spglieesiahave ifound thairmolecblalr tsieves dikaiing the
manganese, ., .chrom ym | xtures thereof nd z are the | e
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| east 0.1 mcron and has an aspect ratio of |ess than or equal to 5. These
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nol ecul ar sieve. SUVWARY OF THE | NVENTION As statéd, this invention rel ates

Ito ﬁn E:_QNP@ o aiThiesg mwleguart sigvrs Rrestuseeashigher agwing afi eiYIRBE Neatews t o
| noent | STomEng! ST g8t Skl REE06) ekl RETEREA NTEDlcatity el THIE,

cont act im@phblegyts beminediby bormtraliricthgshetal (Elgroonteaitaf twe nibilédutarsievehand
catal yst conpri si n_g a crystalli ne_rreft ﬁl al um nophosphat e nol ecul ar si eve
havildg dhe pesiadiation imesduingsyrdhesihothsyarleedabaiéVe: expressed by an
enpirical formula of: (ELxAlyPz)2 20 where EL is a netal selected from
the group consisting of silicon, magnesium zinc, iron, cobalt, nickel,
manganese, chrom um and m xX3UMMARNeDEJHE INVENTIOMNe nol e fraction of EL
and has a value of at least 0.005, "y" is the nole fraction of Al and has a

Lol e 28 o7 AegRted A epioh b, Bk e LABEL boleBlnd cABRebE ABHS T
it has peeshveRmY M¥thandl ® IRhE bisihaUsiAg thd talaBlsIMccodiigh, richemisxdimaas
smal l est crystal "dinension is at least 0.1 mcron and_ has an aspect  of
| essi5t haah e iyaation gssa process for converting methanol to light olefins comprising
contacting the methanol with a catalyst at conversion conditions, the catalyst comprising
a crystalline metal aluminophosphate molecular sieve having a chemical composition
on an anhydrous basis expressed by an empirical formula of:
(ELXAIP2)O2
20 where EL is a metal selected from the group consisting of silicon, magnesium, zinc,
iron, cobalt, nickel, manganese, chromium and mixtures thereof, “x” is the mole fraction
of EL and has a value of at least 0.005, “y” is the mole fraction of Al and has a value of
at least 0.01, “z” is the mole fraction of P and has a value of at least 0.01 and X +y +z =
1, the molecular sieve characterized in that it has predominantly a plate crystal
25  morphology, wherein the average smallest crystal dimension is at least 0.1 micron and
has an aspect of less than or equal to 5.

Another embodiment of the invention is a catalyst for converting methanol to light
olefins comprising a crystalline metallo aluminophosphate molecular sieve having an
empirical chemical composition on an anhydrous basis expressed by the formula:

30 (ELyAlP,)O2
where EL is a metal selected from the group consisting of silicon, magnesium, zinc,

iron, cobalt, nickel, manganese, chromium and mixtures thereof, “x” is the mole fraction

2



Anot her enbodi nent of the invention is a catalyst for converting nethanol
to light olefins conprising a crystalline netall o al um nophosphate

nol ecul arweicemssslnavi ng an  enpirical chem cal conpositi onpom/esni/enhy/ dr ous
basis expressed by the formula: 30 (ELXAlyPz)32 where EL is a netal
selected fromthe group consisting of silicon, magnesium zinc, iron,
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z = 1, the nolecular sieve characterized in that it has a crystal
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DETAI L ppdrefiCittd? théetedidiesthipiodlofdhe mveatismnt i al feature of the process
of the instant invention is an ELAPO nol ecul ar sieve. ELAPGCs are nol ecul ar
si eves which have a three-dinmensional to m croporous framework structure of
A102, P02 and ELO? tBETANGED DESORIFTIOSEOH BHEMNVENTIBMPCs have the
enpirical fornula (ELXAlyPZ)02 where EL is a netal selected fromthe group
consisting of silicon, nmagnesium zinc, iron, cobalt, nickel, manganese,

chrom um angnneadatias réaers O, thexﬁrdc%sé hef 1 endtaacinentidd of afrLElaaEOhas a
value of at least 0.005, "y" is the nole fraction of Al and has a val ue of

at | eawolapuipr, sicye. @h&?@mrg molasulasnsigyes wihieh naaves ay drge-dimengionalast
a ts the

totdi * Hitatrole eftaduedp i AR, EDa Bk PRafedig uffe. | BREEAR
si |'i cothe BRAPOSiHavedns epqiidddl fovriuta si | i con being especially preferred 20
The preparation of various ELAPGs Eare well known in the art and may be
found in US-A-: 4,554,143 (FeAPOELAWEA871 (SAPO): 4,853,197 (MAPO
MAPO, ; 4, n i
Goner alwi%;gléa t@hers%jﬁﬁ%&l s8leld R84 HEATNp DnéREnETr SRDn? nddhedtn, zinc,

iron, cobalt, nickel, manganese, chromium and mixtures thereof, “x” is the mole fraction

15 of EL and has a value of at least 0.005, “y” is the mole fraction of Al and has a value of
atleast 0.01, “Z” is the mole fraction of P and has a value of atleast 0.01 and X +y+z =
1. When EL is a mixture of metals, “x” represents the total amount of the metal mixture
present. Preferred metals (EL) are silicon, magnesium and cobalt with silicon being
especially preferred.

20 The preparation of various ELAPOs are well known in the art and may be found
in US-A-: 4,554,143 (FeAPOQ); 4,440,871 (SAPO); 4,853,197 (MAPO, MnAPO, ZnAPO,
CoAPQ); 4,793,984 (CAPO), 4,752,651 and 4,310,440. Generally, the ELAPO
molecular sieves are synthesized by hydrothermal crystallization from a reaction
mixture containing reactive sources of EL, aluminum, phosphorus and a templating

25  agent. Reactive sources of EL are the metal salts such as the chloride and nitrate salts.
When EL is silicon a preferred source is fumed, colloidal or precipitated silica.
Preferred reactive sources of aluminum and phosphorus are pseudo-boehmite alumina
and phosphoric acid. Preferred templating agents are amines and quaternary
ammonium  compounds. An especially preferred templating agent is

30 tetrasthylammonium hydroxide (TEAOH).

The reaction mixture is placed in a sealed pressure vessel, optionally lined with

3



nol ecul ar sieves are synthesized by hydrothermal crystallization froma

reaction mxture containing reactive sources of EL, alum num phosphorus
and a tempbatiomgi25 agent. Reactive sources of EL are thepaetmbi/eabi s such
as the chloride and nitrate salts. Wen EL is silicon a preferred source
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have a gHtaihed WHdH ak skt BPbRtRe cRREM Ha98Ya i flateeaitphdlagy.t he By prital s
have the appearance of rectangul ar slabs. Mre inportantly, the aspect

rati o irgolpBelgyameant deatdhe coystals Tave Hspappearaned of arigudials. Mperatio

G rons 5OREHy, 0 2sBket gy TR ol otuEPEy 87 IE oS rER) i fffied 2 " 1O
def i ni tthenratit pt ahe largestubiystaliiep ithergsion Byivideli byi thengardliesolcry@iline

crystals in which all the dinmensions are the sane, but alsg those in which
t helSas pﬂé’@?”ﬁﬁﬂi & prefersad maspholegy WHISFQI'S epcompagsgdswithigghe rﬁ’@ﬁ’é‘ﬂ%’épﬁlpl@ﬁ%t t he
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the same, but also those in which the aspect ratio is less than or equal to 2. It is also
necessary that the average smallest crystal dimension be at least 0.1 microns and
preferably at lest 0.2 microns.

20 As is shown in the examples, the morphology of the crystals and the average
smallest crystal dimension is determined by examining the ELAPO molecular sieve
using Scanning Electron Microscopy (SEM) and measuring the crystals in order to
obtain an average value for the smallest dimension.

Without wishing to be bound by any one particular theory, it appears that a

25 minimum thickness is required so that the diffusion path for the desorption of ethylene
and propylene is sufficiently long to allow differentiation of the two molecules. Since
ethylene is a more valuable product, by controlling the crystal dimensions one can
maximize the formation of ethylene. As will be shown in the examples, when the
smallest dimension is less than 0.1, the ratio of ethylene to propylene (C;7/Cs) is about

30 1.2, whereas when the smallest dimension is greater than 0.1 microns, the ratio of
C,7/C5 is 1.4. This provides a greater production of ethylene.

The ELAPOs which are synthesized using the process described above will

usually contain some of the organic templating agent in its pores. In order for the
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20 As is shown in the exanples, the norphology of the crystals and the
average snmllest crystal dinension is determ ned by exam ning the ELAPO
nol ecul arweitemese121si ng Scanni ng El ectron M croscopy (SEM pamdisope®ss i ng t he
crystals in order to obtain an average value for the small est dinension.
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r ef er r di@StaoPere apeping ofghout 4 whi ch can be used in the instant invention

are any of thas C . 4 |/
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characterized in that it ads bs zen n but does, not adsor |50E%Bane
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bi nder formed 1nto shapes such as éxtrudate spheres, etc. Any
When a binder is used, the amount of ELAPO which is contained in the final product
ranges from 10 to 90 weight percent and preferably from 30 to 70 weight percent.
The conversion of methanol to light olefins is effected by contacting the methanol
20  with the ELAPO catalyst at conversion conditions, thereby forming the desired light
olefins. The methanol can be in the liquid or vapor phase with the vapor phase being
preferred. Contacting the methanol with the ELAPO catalyst can be done in a
continuous mode or a batch mode with a continuous mode being preferred. The
amount of time that the methanol is in contact with the ELAPO catalyst must be
25  sufficient to convert the methanol to the desired light olefin products. When the process
is carried out in a batch process, the contact time varies from about 0.001 hr. to about 1
hr. and preferably from about 0.01 hr. to about 1.0 hr. The longer contact times are
used at lower temperatures while shorter times are used at higher temperatures.
Further, when the process is carried out in a continuous mode, the Weight Hourly
30 Space Velocity (WHSV) based on methanol can vary from about 1 hr' to about 1000
hr'! and preferably from about 1 hr' to about 100 hr™,
Generally, the process must be carried out at elevated temperatures in order to

form light olefins at a fast enough rate. Thus, the process should be carried out at a
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15 inorganic oxide well known in the art may be used as a binder. Exanples
of the binders which can be used include alumna, silica,

al um numwbazphsie, silica-alumna, etc. Wien a binder i ecugasdi/ovbe anmount
of ELAPO which is contained in the final product ranges from10 to 90
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PCT/ US01/ 09263 tenperature of 300C to 600C, preferably from 400C to 550C
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regeneration of the ELAPO catalyst that may be required. If regeneration is required,
the ELAPO catalyst can be continuously introduced as a moving bed io a regeneration
20  zone where it can be regenerated by means such as oxidation in an oxygen containing
atmosphere to remove carbonaceous materials.
The following examples are presented in illustration of this invention and are not
intended as undue limitations on the generally broad scope of the invention as set out in
the appended claims
25 EXAMPLE 1
A series of molecular sieves (SAPOs) were prepared by the following procedure.
In a container orthophosphoric acid (85%) was combined with water. To this there was
added a silica sol and a 35 wt.% aqueous solution of tetraethylammonium hydroxide
(TEAOH). Finally, alumina in the form of pseudo-boehmite along with water and
30 SAPO-34 seed material were added and blended in. The resulting mixtures had
compositions in molar oxide ratios as set forth in Table 1 below.



to from5 to 90 nole percent of the feedstock and preferably from25 to 75
nol e percent. The actual configuration of the reaction zone may be any
wel | knowwowmabadeyst reaction apparatus known in the art. pChusp1/e0263 ngl e
reaction zone or a nunber of zones arranged in series or parallel my be
used. In such reaction zones the nethanol feedstock is flowed through a
bed containing the ELAPO catalyst _ﬁﬁﬁdibultlple 15 reaction zones are
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02/ 076®1 5 hestsk then Reatad & 1M Lever Go peTsd taf ch homes asdmgldsaﬁrﬁ éorﬁéact i on

TEAO*S}e%%‘tA‘ gr?hgzc(%ﬁ? QG or 48 hours. Finally, the reaction mixture was cooled to ambient

temperature and the solid product recovered by centrifugation and washed with water.

All the products were analyzed and found to be SAPO-34 molecular sieves.

EXAMPLE 2

The catalysts prepared in Example 1 were evaluated for the conversion of

10  methanol to light olefins in a fixed bed pilot plant. A 4 gram sample in the form of 20-40
mesh agglomerates was used for the testing. Before testing, each sample was calcined

in air in a muffle oven at 650°C for 2 hours and then pre-treated in situ by heating io
400°C for 1 hour under nitrogen. The pretreated sample was now contacted with a
feed consisting of methanol and Ho0 in a 1/0.44 molar ratio at 435°C, 5 psig and 2.5 hr

15 ' MeOH WHSV. The composition of the effluent was measured by an on-line GC after
30 minutes on stream to determine initial conversion and selectivities. Complete
conversion was obtained initially with all catalysts but it fell with time on stream as the
catalysts deactivated. Table 2 presents the selectivity to ethylene and propylene and

the ethylene/propylene product ratio at the point where conversion was 99% for each

20 catalyst.
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poi nt where converS| on was Yo f or each 20 cat aI%/ 02/ 076612 TABLE
2 PCT/ Uspseoisdige crystallites in one or more micrographs obtained using a Scanning

5  Electron Microscope at 30,000x magnification. The data indicate that when the
smallest crystal dimension is greater than 0.1 micron and the crystal morphology is
plates, a greater amount of ethylene is produced. It is also observed that when the
crystal morphology is cubic and the smallest dimension is greater than 0.2 microns,
one obtains the highest production of ethylene. Note that when the smallest

10 dimension is less than 0.1, one obtains poor results (greater propylene production)
even though the crystal morphology is plates.
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and has a value of at least 0.01, “Z” is the mole fraction of P and has a value of
10 at least 0.01 and x + y + z = 1, the molecular sieve characterized in that it has
predominantly a plate crystal morphology, wherein the average smallest
crystal dimension is at least 0.1 micron and has an aspect ratio no greater

than 5.
2. The catalyst of Claim 1 where the EL metal is selected from the group
15 consisting of silicon, magnesium, cobalt and mixtures thereof.
3. The catalyst of Claim 2 where the EL metal is silicon and the molecular sieve

has the crystal structure of SAPO-34.

4. The catalyst of any one of claims 1 to 3 where catalyst comprises a metal
aluminophosphate molecular sieve and an inorganic oxide binder selected
20 from the group consisting of alumina, silica, aluminum phosphate, silica-

alumina and mixtures thereof.

5. The catalyst of any one of claims 1 to 4 where the molecular sieve is present
in an amount from about 10 to about 90 weight percent of the catalyst.

6. The catalyst of any one of claims 1 to 5 where the aluminophosphate has a
25 metal (EL) content from about 0.005 to about 0.05 mole fraction.
7. A process for converting methanol to light olefin comprising contacting the

methanol with the catalyst of any one of claims 1 to 6 at conversion conditions.
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about 10 to about 90 wei ght percent of the catalyst. 6. The catal yst of any
one of clainms 1 to 5 where the al um nophosphate has a 25 netal (EL)
content from about 0.005 to about 0.05 nole fraction. 7. A process for
converting nmethanol to light olefin conprising contacting the nethanol
with the catalyst of any one of clains 1 to 6 at conversion conditions. 9
WO 02/ 076612 PCT/ US01/ 09263 8. The process of claim7 where the conversion
conditions are a tenperature of about 300C to about 600C, a pressure of
about 0 kPa to about 17224 kPa and a weight hourly space velocity of about
1 to about 100 W 10
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