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substituent, each ring structure hav,iﬁrag at least five ring nenbers, 15
deconposed derARplicalios Ne. GYPE0I45, filed dune 4Bot897.c heterocyclic

conmpound, and mi xtures thereof. Background of the Invention
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sources, the cost of producing ol efins from petrol eum sour
i ncreased st eanfghpic material to olefins using szl pofecevisiecular ievet dutalysts.
producti on of ' such as al cohol s,

l.i ght ol.efins e . . oxygenat es, >
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improved yield slate is achieved by treating the small pore molecular

sieve catalyst with a modifier selected from the group consisting of

polynuclear aliphatic heterocyclic compounds with at least three
interconnected ring structures having at least one nitrogen atom as a ring
15 substituent, each ring structure having at least five ring members,
decomposed derivatives of said polynuclear aliphatic heterocyclic

compound, and mixtures thereof.

Background of the Invention

Light olefins, such as ethylene, serve as feeds for the production of

20 numerous chemicals. Olefins traditionally are produced by petroleum
cracking. Because of the limited supply and/or the high cost of petroleum
sources, the cost of producing olefins from petroleum sources has

increased steadily.

Alternative feedstocks for the production of light olefins are

25 oxygenates, such as alcohols, particularly methanol, dimethyl ether, and
ethanol. Alcohols may be produced by fermentation, or from synthesis

gas derived from natural gas, petroleum liquids, carbonaceous materials,
including coal, recycled plastics, municipal wastes, or any organic

material. Because of the wide variety of sources, alcohol, alcohol
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presel ected Si,/ Fe2 ra sug M5), or SAPO 34. However WO
93/ 24431 does ﬁ%’ﬂ aQBH éE 'Qﬁ Bﬁﬁgﬁg’ of catalyst nodification.
Various nodificatiqons have been nade to nol ecul ar sieve catal ysts
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I nternmegy ate | vst o] fins.. However., i te as been
25 "8 Jon PG siflRns " PrbBlepr iRt viekt. Tufte, Albnte
catal ysts to been giveR!t6idpfifnizing the total yield slatS™bhe P@é@oﬁ?&‘ {Hid faéi@&f"' ysts
have a tendency to deactivate rapidl
attention may be that the light saturate by-products have no real fouling
potential and also have some value--at least as fuel. However, it is costly

to separate the light saturate by-products from the desired olefin products.

15 Various modifications have been made to molecular sieve catalysts
having intermediate sized pores to increase the selectivity of these
intermediate pore catalysts to olefins. However, little attention has been
given to treatments to increase the selectivity of small pore catalysts to
olefins.

20 Small pore zeolitic catalysts have a tendency to deactivate rapidly
during the conversion of oxygenates to olefins. A need exists for methods
to decrease the rate of deactivation of small pore zeolitic catalysts during
such conversions.

Small pore silicoaluminophosphate (SAPO) molecular sieve

25 catalysts have excellent selectivity in oxygenate to olefin reactions.
However, a continuing need exists for treatments which will maximize the
production of olefins and minimize the production of light saturate
byproducts using small pore molecular sieve catalysts, generally, in order
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during the conversion of oxygenates to olefins. A need exists for nethods -

97LKR212 2a to decrease the rate of
déacti vat i ¥R %8F7¥Aal | pore zeolitic catalysts during PCTAYS98/12700
conver si ons. Smal | pore silicoal um nophosphate (SAPO)

nol ecul ar si eve catal ysts have exc@l | ent sel ecti vi ty in oxygenate to
ol efin reactions. However, a continuing need exists for treatnents
which will m oduction of olefins,ang mnimz
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3 to reduce the cost of such processes and render them
comercially vi abl e. Sunmary of the Invention -

The present i rSummary of the bventiomet hod for increasing the 5 o
selectivity of a small pore nolecular sieve catalyst to ol efins conprising

exposi ng sai d smal I TSI pre¥ehe Civantien em\ﬁ@ésﬂldsmemb@ fa?diridrsésmgd%e
conditions sufficient to produce a nodified small pore nol ecul ar Sieve

cat al yst5 havi raglectimityvefda mabppm molecular sieves catalyst donolefins romdagrising i s
10 CompourKHBSHS SBIchGMAI PRBEelRPuBR; SPUF <airet B iReiler wekr s
conditions sulfficient to produce a modified small pore molecular sieve
catalyst having improved selectivity to olefins, wherein the modifier is
selected from the group consisting of a polynuclear aliphatic heterocyclic
10 compound comprising at least three interconnected ring structures
comprising at least one nitrogen atom as a ring substituent, each of said
ring structures having at least five ring members, decomposed derivatives
of said polynuclear aliphatic heterocyclic compound, and mixtures thereof.

Detailed Description of the Invention

15 Substantially any small pore molecular sieve catalyst may be
modified according to the present invention. “Small pore” molecular sieve
catalysts are defined herein as catalysts with pores having a diameter or
pore size of less than about 5.0 Angstroms and equivalents thereof.
“Equivalents thereof’ is defined to refer to catalysts ha\}ing a pore size

20 that performs substantially the same function in substantially the same
way to achieve substantially the same result as catalysts having a
diameter or pore size of less than about 5.0 Angstroms, exclusive of
catalysts having a pore size over about 52 Angstroms, or catalysts
generally considered to be “intermediate pore” or “large pore” molecular

25 sieve catalysts. Suitable catalysts include, but are not necessarily limited
to catalysts having a pore size in the range of from about 3.8 to about 5.0
Angstroms, preferably in the range of from about 4.1 to about 5.0
Angstroms, and most preferably in the range of from about 4.3 to about

5.0 Angstroms.
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Exanpl es of suitable small pore zeolites includ
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ALPO-20, and ALPO-25. The preparation of such catalysts is well known

in the art and is described in US-A-4,554,143; 4,440,871; 4,853,197:

15 4,793,984, 4,732,651; and 4,310,440, all of which are incorporated herein

by reference. Preferred molecular sieve catalysts are SAPOs, such as

SAPO—34,'SAPO 17, SAPO-18, SAPO-43, and SAP0O-44, and others

which may be synthesized according to US-A-4,440,871, incorporated

herein by reference, and Zeolites, Vol. 17, pp. 512-522 (1996),

20 incorporated herein by reference. Most preferred catalysts are SAPO-17,
SAPO-18, and SAPO-34,

SAPO'’s have a three-dimensional microporous crystal framework of
PO®, AIO2", and SiO; tetrahedral units. The chemical composition
(anhydrous) is:

25 mR:(SixAlyP2)02

wherein “R” repl;_esents at least one organic templating agent present in
the intracrystalline pore system: “m" represents the moles of “‘R” present
per mole of (SixAlyPz)O2 and has a value of from zero to 0.3, the
maximum value in each case depending upon the molecular dimensions
30 of the templating agent and the available void volume in the pore system
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preferably in the range of from about 0.005 to about 0.05 noles of a netal -

10 sel romthe group consisting of magnesium zinc, Jjr al t,
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97LKR212 cer . . of the particul ar SAPO

speci es i nvol mp‘éﬂH‘)@(h?Vmp&hea{ﬂ@c’w'{‘g seélﬁfa%%mcfv%p nol e
fractions of silicon, alum num and phosphorus, respectively. "R' may

be renoved at el evated tenperatures. The nodifiers of the
present invention conprise polynuclear 5 aromatic heterocyclic
conpounds with at |east three interconnected ring structures having
at | east one nitrogen atomas a ring substituent, each ring

structure having at least five KReng menfgrs, and quatemary salts

R4 R7

R3 R®

10
wherein at least one of R'- R10 is nitrogen. In a preferred embodiment,
two of R'- R1? are nitrogens. In a most preferred embodiment, two
nitrogens are substituents on the ring at positions selected from the group
consisting of R! and Rm, R* and R-’,'R1 and R7, and R® and RS,
15 Examples include 1,10-phenanthroline, 4,7-phenanthroline, 1,7-

phenanthroline, and benzo(c)cinnolirie. A preferred modifier having the
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thereof. Suitable nodifi | €, but .are not necessarily limted to
conpositions having the follow ng general structure:

5’0

preferred
nost preferred
ring at positions

s Been Replaced - 2 1 ~ 10

f positions 1-10 are nitrogens. In a
, two ni€rogens are substituents on the
selected fromthe group consisting of 1 and 10, 4

e

6 . tﬁa
.9 10 wo 98/57912 V\hg[?j‘\s Shev \ﬁm ne of positions 1-10 i sPETAUBYHEA0 .| n.a
n

and 7, 1 and 7, and 5 15 and 6. Exanpl es include 1 104phenanygroline,
(

4, 7- phenant hr doregeing  structure is 1, iBphenapthspling, inwhishn
preferred nndit'gé%@;ving t he 97LKR212
: foﬂE@ '

6
are

10

15

20

andi Rnol afee. A

_ structure is 1,10-phenanthroline, in which 1 and 10

i rogeé]tfitable modifiers also include, but are not necessarily limited to
compositions having the following general structure, and quaternary salts
thereof:

Rs RG RT

R4 R®

R2 Rt R

wherein at least one of R'- R'0 is nitrogen, preferably two of R'- R'? are
nitrogens. In a most preferred embodiment, R! and R® are nitrogens,

resulting in phenazine.

. The modifiers of the present invention may be adsorbed onto the
catalyst either prior to or simultaneous with the introduction of the

oxygenate feed.

The modifier may be adsorbed onto the catalyst prior to the
introduction of the feed using any suitable means. In one embodiment, a
solution of the desired modifiér is first made by dissolving a desired
amount of the modifier in a solvent under mild conditions. Suitable
solvents are organic, inorganic, and aqueous. If water is used, the water
preferably should be de-ionized. Adjusting the pH to below 7.0 in an
aqueous system also helps the dissolution of the modifiers. The
temperature of mixing is dependent upon the solubility of the modifier in
the solvent selected. The process may be conducted under pressure, at

reduced pressure, or at atmospheric pressure.
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Suitabl e nodifiers also include, but are not necessarily limted to

I ti ' the Tottowng—general structure, and quatemary salts 5
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4 3 This Sheet Has Been Replaced 9
2 1 wherein at |east one of 1-10 is
nitrogen, preferably t 7 nitrogens. In a nost preferred
enbodi ment, 1 and 6 are nitrogens,. resulting in phenazine. 10

The nodifiers of the present invention may be adsorbed onto the

catal yst either pri | ,aﬂﬁo | he | cLi ]
oxygenat e f eed. %ﬂé@a&éqﬁé%@ no i*’%e\r%ﬁn’@)?hbg %gé%é)ggdé Jﬁ? gg{eﬁtn.tﬁ‘?ed
catal yst prior dmouriteof the catalystt rTise eesuitingmixiirefisestirtsd 28 astiviredi-t #p! e
means. In one enbodinment, a 15  solution of the desired nodifier is first
made by di ssol SOME aCaRAS, reiring is neingequired and thedimixure may sbev deft

S R S
de-ioni zed. Adjdisbipttbri PRt 'thé Q:dmpew #rf%hgatzaykt product %Qé&?qgsrn@fé& SR SO

hel ps the dissolution of the nodiffers. tenperature of mxing is
dependent upon dried. sThebcatalyst pfeferablyrisiitherrcalcined to dedongpesd atidast a

d. Th be condyct ed under, pressure,  at r educed
;relegcsz'lt”ee’ or eat%rogﬁgém (gn%élggrsgrpean essentially non-oxidizing atmosphere AY-NDED
SHEET methods well known to those skilled in the art. Suitable non-oxidizing

atmospheres include, but are not necessarily limited to nitrogen, argon,

10 helium, carbon dioxide, etc.

The amount of modifier adsorbed onto the catalyst may vafy over a
wide range depending, at least in part, on the selected catalyst aﬁd the
incorporation method. Preferably, the amount of the modifier adsorbed
should be at least about 0.0001 wt. %, most preferably in the range of

15 from about 0.001 wt. % and about 5.0 wt. % nitrogen.

If the modifier is to be introduced with the oxygenate feed, the
modifier may be injected into the system in any suitable manner as long
as the conditions are such that the modifier is miscible with the feed. For
example, if the modifier has a low solubility in alcohol, the solubility limits

20 should not be exceeded. Or, if the modifier has an exceptionally high
melting or boiling point, suitable adjustments should be made. If the
reaction is carried out in the vapor phase, a modifier with a boiling point
below the process temperature preferably should be used so that the
modifier may be carried into the reactor by entrainment, downflow, or

25 other methods known to those skilled in the art.

The conversion process employs an organic starting material

(feedstock) preferably comprising “oxygenates”. As used herein, the term
‘oxygenates” is defined to include, but is not necessarily limited to
aliphatic alcohols, ethers, carbonyl compounds (aldehydes, ketones,

30 carboxylic acids, carbonates, and the like), and also compounds
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the solution is added Q'h%s ned anount of the catalyst.. .
The resulting mxture | "(ﬁ‘w red. In sone cases, © -
stirring i¥OA¥S79kqui re re may be left PCTHE82¥0bed .

for a tine adequateto redIeveI of nodifier 5
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hel i um carbon unt” of nod

- adsorbed ont o theerangeadfyfrommapoutadyllearbon atoms andwindee rprefarabpimtieng, at
| east in part, on the selected catalyst and the I ncor poration
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Sbout 0501 winclSe bl ars” a8F HacBsGaily M tb." fow8F Sirdiont “ehain, "
modi fier is tgraached  afpHate Wdoholé’eth‘é&y%gaﬁﬁaffeﬂe@ouh@partsgand [ﬁéﬂf o

may be injected into the systemin any suitable nanner as
t he conditi onditipgesn, dnaiogaaﬁndfwlfmoanalwuess Examples @f\mﬁtablefmmpem&:or
exanpl e L|It i n alcqhol, the SO|UbI|Ity

0 | IGeilReablf ard BoL Retstnably HiteitS: mbtaAr stfiariokengropaNGI
excep“ona"yu%@‘f&pagol Cq - élEQh(?IE Ridithy1 lcargoétﬁé Hie%ﬁ'e%évdldfé gﬁ”ts

shoul d be nade reaction 1 he vapor ase,

a nodi fier wi téther; iisopropploéther; methyl mdreaptant htet?ylmﬂﬁdetlgéﬂm dmlhg t
preferably should be used so that th difier may be carried into
the reactor byet @ﬂtrﬁl%’ﬁ%ﬁf?n d&!ﬁhy'owsutﬂﬂe% diethybt eminaet et keldaridep

sS4t B amot catcnat, BT KPS PR B3R, G °

"oxygenat es” a@ﬁlnesed-élkylehahdéshEh-blkymsulﬂdes havaﬁyym-%ﬂéy‘l roup§ dfein figd to
I ncl ude, but is not necessari l%él imted | phati ¢ al cohol s,

ethers, car bof@nge @ffeem ebquiidda easton Iaé@mﬁegndamxturesdaemwl As ussdis,
carbonajes, apd LAeyhd K “oxygenate” 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 of feed to olefins preferably should be carried out

in the vapor phase. Preferably, the feedstock should be contacted in the

20 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, WHSV (Weight Hourly Space
Velocity) and, optionally, an effective amount of diluent; correlated to
produce olefins. Alternately, the process may be carried out in a liquid

25 phase. When the process is carried out in the liquid phase, different
conversion rates and selectivities of feedstock-to-produpt may result

depending upon the composition of the liquid.

The temperature employed in the conversion process may vary
over a wide range depending, at least in part, on the selected catalyst.

30 Although not limited to a particular temperature, best results will be
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aliphatic %9%{?' 9iR" ef erably should contain in the r 3geuetijoem
about 1-10 carbon atons and nore preferably in the range ofl from
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kPa to about 34 MPa, most preferably in the range of from about 48 kPa

to about 0.34 MPa. The foregoing pressures are exclusive of diluent, if
15 any is present, and refer to the partial pressure of the feedstock as it

relates to oxygenate compounds and/or mixtures thereof. Pressures

outside of the'stated ranges may operate and are not excluded from the

scope of the invention. Lower and upper extremes of pressure may

adversely affect selectivity, conversion, coking rate, and/or reaction rate;
20 however, light olefins such as ethylene still may form.

The procéss should be continued for a period of time sufficient to
produce the desired olefin products. The reaction time may vary from
tenths of seconds to a number of hours. The reaction time is largely
determined by the reaction temperature, the pressure, the cétalyst

25 selected, the weight hourly space velocuty, the phase (liquid or vapor) and
the selected process design characteristics.

A wide range of weight hourly space velocity (WHSV) for the
feedstock will function in the present invention. The WHSV generally
should be in the range of from about 0.01 hr' to about 500 hr'

30 preferébly in the range of from about 0.1 hr™! to about 200 hr'l, and most
ekt L
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97LKR212 9 X obtained if the process is
conducted at tenperatures in the range of from 200 [err]Cto 700 .
[err]C, preferably in the range of from 250 [err]C to 600 [err]C, and

nost pref awadd/g79in t he range of from 300 [err]C to 500 [errQIUSISIICOOr . .
tenperatures generally result in lower rates of reaction, and the formation
5 of the desired light ol efin product!® may become nmarkedly sl ow.
However, at higher tenperatures, the process nay not form an

opti mum anmount of ) light ol efin products, and the cokinggqrate nmy
becone too hi gweferably in the range of ifepre ahauti ;h5phiod de tabayt| 109 rm altheough

not necessarily,l ' . e! n f es,
i ncl udi ng but %ﬁ@ﬂ"rﬁ%%ﬂ}a@ fg\ er m%%@h@c@uéct‘%se@g E.Itlg egﬁea'%d °Bri’g";‘§e3r*es in
the range of fremsférel thEANHSEV (S calculated bRatheAwRigHtehasis ofr petivdrfoli 6r i n

the range of from 6.9 kPa to 34 MPa, nost preferably in the range
of from 48 kpaimethy! etheprand qatalysbr egoi ng pressures are exclusive
of diluent, if any is present, and refer to the parti al pressure of

the feedstock as i tTheefesad may comtaire mmecor ongreuditients dncan Emount imi thieur es

t hereof. Pressures tside of , th tated ranges, nay ,operate, and are
not exci uded FRBA PhEOEE 8PeUc) and S MalanpeReN, based SRting oA number of

extrenmes of pr r Y Céd A/ | [ i ng
ate, andsor' EASti &, S toad G Blef afbonEhErled 1d o TRBLAL Rhe t1
may f watalyst?.0 Diluents which by bprempisyed i thalploressiihcladedbfioarea
period of time sufficient to. Produce the desired ol efin praoducts.
The reaction NoteNeRBESAHNY limitad to, heliumy; grops, ditregengarhan Mmenexide, of

hours. ere | ' i I t ' r I.Qn
terper altir e, R didie, FydB68H, Yptar, parame; SR Hibarblis GAER AT,
space vel oci t ypethBRep hiromatic sompbuindsy 2@ hixturee tRereof. tPRfeeé@ &ilgenty ocess
design characteristics. A wi de range of weight hourly space
vel oci ty (WHS@remwater ard nitrogen. feedstock will function in the present

i nvention. The WHSV generally should be in the range of fromO0.01

hr 1 to 500 hr 1, (e predesg maytbe carried outriangdatéh,f semi-Gotimudies,rgr 1 to
200 hr[err]1, and nost . . .
continuous fashion. The process may use a single reaction zone or a
15 number of reaction zones arranged in series or in parallel. The prdcess
may be intermittent or continuous in an elongated tubular zone or a
number of such zones. When multiple reaction zones are used, one or
more of the small pore catalysts advantageously may be used in series to

provide for a desired product mixture.

20 A dynamic bed system, or any system that includes a variety of
transport beds rather than fixed beds, may be desirable. If regeneration
of the catalyst is required, such a system would permit introduction of the
catalyst as a moving bed to a regeneration zone where, e.g,
carbonaceous material could be removed or oxidized. Preferably, the

25 catalyst should be regenerated by burning off carbonaceous deposits that
accumulate durihg the process.

The following examples illustrate, but do not limit, the present

invention.
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AVENDED SHEET 97LKR212 10
pr ef er abl ywb’bs}s?ﬁ ,range of fromO0.5 hr[err]1 to 100 hr[err] ]PCT-}_U%sﬁf'}oﬁl yst

may contain other materials which act as inerts, fillers,

bi nders; therefore, the WHSV is cglycul ated on the wei ght baS| s of
met hanol or dinmethyl ether and catal yst. 5 The feed
may contain one or nore diluents in an anount in the range of from
1 and 99 nol ar percent, based on the t% §I niber of nol es of all
feed and diluent conponents fed to t he WICh zone (or catalyst).

Di l uents which may be enpl oyed | he process | nc are n
necessarily |initedf Gampe; gfnSl},P o3t Was rekla mech Ehﬁ]ogﬁe%lé'ﬁpﬁon 10

met hane) , ar ondineist BREIReRRR US4 STL PO RIpkTE ferfionce,,

are water and nitrogen. The process may be carried out in a
bat ch, sem -conti nuous, or conEkanqna|fash|on The process may use
a single reaction zone or a 15 nunber of reaction zones arranged in

series o in paral | ghy, Egﬁw Aled of 50 cc gapcproﬁl?ﬁ’at@l‘?] bA ﬁfé{ﬁ;é* Sf‘;thé’rcanalgones

continuous in an el ongate ar zon Suc

Wen mul tiple bbeaiheomasmleﬂaver&ednxednmmns cc of quarnteiseats are icaddd
pore catal ysts_advant ageously may be used in series to provi de for

a desired prodifte hPxan(8/4 inch) outer dlameteﬂ%?rﬁéﬂmﬁedeﬂé‘ﬂ@iﬁr seactars

bads. hmy be sl gele YRpted by threerrane eldc RARabesc Theifsh Ene. adling ¥
required, suchgag fespremedtiig! zBAE MVapbAzEé@Ane! feed. OfTHé‘QemperatuBOCﬁt fHey St

as a noving bed to a regeneration zonhe where, e.g car bonaceous
mat eri al10coul dcostaraenecaf the fuxnate was Fjusteddpl @50 PGearkbthe prassusd wes

228%& gf er gg(ranmeﬂrjam %%hid@ é('P%gUOatm)C aﬁ?é) Péié: 8,-“\§,ag ? u?éeé %rst wnih nltrogen

at 50 cc/min flow rate for 30 minutes. The feed for Reactor A was a
4:1(molar ratio) of water and methanol (control). The feed for Reactor B
was the same with the addition of 100 ppm 1,10-phenanthroline. The

15 feeds were pumped into the reactors and calibrated to g.ive a flow rate of
about 0.7 hr! WHSV. The effluent was analyzed at pre-determined
intervals by an on-line gas chromatograph fitted with both a thermal
conductivity detector and a flame ionization detector.

The results are shown in the following table.

20

Methane 4 2.2
Ethylene 49.2 52.2
Propylene : 34 | 32.6
-
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The follow ng exanples illustrate, but do.not limt, the present

i nvention. 971 KR212 11

Exanpl e | A sanpl e of SAPO 34 was obtained from UOP, Des-
Plaines, WOST13| | irpotioe: i Beeh Reghed N US- A- 4, 440, 871, PCT/USI8M2700
Exanmple Il 5 I of 5.0 cnferr] (approximately 2.7
grans) of the catal ysdlljﬂmﬂl‘ﬂmum obtained in Exanple | were mxed with
15 cnferr] of quartz d 12 into 1.9 ¢cm (3/4 inch) outer
di aneter 316 stainless steel tubular reactors whi ch were heated by
t hree-zone electric furnaces. The first zone, acting as the

preheating zone, vappgi zpgdiied SAPO-3fe S abxhiBited tdit iftrease CRt er
zone of the furnace was adjusted to 450 [err]C and the pressure was

mai nt ai ned at approxiraately 3%nin. etyleneqdeldp andadecpeasesdoft approximateln1i8%gen
at 50 cnerr]/man.f &_w ratﬁ foriéa m nutes. The f.eed for., Reactor A was a
4:1 (ol ar rat#09 14%nmethang ViRld pRdropylenevield, respectivel. f or Reactor B
was the same with the addition of 100&pm 1, 10- phenant hroline. The 15

f eeds were punped into the reactors arfxamapledlated to give a flow rate of
about 0.7 hr[err]1 WHSV. The effluent was anal yzed at pre-determ ned

interval s by an on-0i3teganss ohpleardznges #pdisbolveddn B0t ¢t bPplirecethanbiat 60
conductivity detector and a f|ane ionization detector. . The
resul ts are shdwn iThet Belution| iswrdded o1 8.2 grams of the catalyst preparedyiinl d,

X\l' % Reacé%@_é?m:ﬁacfﬁé reBsuIting mixture is stirred and Ie%turﬁ%Ps?urbed for 24
hours. The catalyst product then is filtered, dried, and calcined under
nitrogen atmosphere for 16 hours at 550 °C. The mixture is allowed to

10 stand at room temperature for one hour, and then dried at 110 °C for 2
hours. The resulting dried catalyst is then calcined under nitrogen

atmosphere at 500 °C for 16 hours, to result in- modified SAP0O-34,
Example IV

The control and the modified catalyst prepared in Example Il are
15 tested using the following procedure. 5.0 cc (approximately 2.7 grams) of
each catalyst' is diluted with 15 cc of glass beads and loaded into a 1.9 cm
(3/4 inch), outer diameter 316 stainless stéel tubular reactor which is
heated by é three-zone electric furnace. The first zone, acting as the
preheating zone, vaporizes the feed. The temperature of the center zone
20 of the furnace is adjusted to give a reaction temperature of 450 °C and the
| pressure is maintained at 100 kPa (1 atm). The reactor is purged first with
nitrogen at 50 cc/min flow rate for 30 minutes. The feed, a 4:1(molar ratio)
of water and methanol, is pumped into the reactor and calibrated to give a
flow rate of about 0.7 hr”! WHSV calculated on the basis of methanol and
25 catalyst only. The effluent is analyzed at pre-determined intervals by an
on-line gas chromatograph fitted with both a thermal conductivity detector

and a flame ionization detector.

The results are substantially the same as in Example |I.

THIS SHEET HAS BEEN
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Et hyl ene 49. 2 52.2 Propyl ene

' . 6
oFLKro1z WO SHSTEZ 12 The TSRz
SAPO- 34 catal yst exhibited an increase of approximately 3% in
et hyl ene yield, and decreases of approximately 1.8% and 1.4%in
net hane yi el d and propyl ene yield, respect3vely.
Exanmple 11l . 5 0.31 grans of phenazirine is dissolved in 50
cnferr] of pure ethanol at 60 [err]C. The solution is added to 5.2
grams of the catal ysérsph§Paf estdinary skill in Exenarte will fawgnﬂaﬂthahgnamy(ture
is stirred and | eft undi sturbed for 24 hours. The cat al or oduct
then is filtermddifidations maw heamsde:to dhaepresent invention beﬁuh e for

16 hours at 550 C.. The nixture is all r,oom

tenperature fdforBribenspiit SCPRM: ‘ﬁr dp'éﬁse{‘id"@rfqﬂn é emb°‘HHlﬁ”§s The
resulting dri phere
500 CC for RERparrelrFale EaRFFHEAHNATE Ry BAAShouId not bedaKER
Exanple §V  as limiting the iWentiomt wiiclunis defineddirf ithe dallawingt claimsar ed
in Exanple Il are 15 tested using the follow ng procedure. 5.0 cnferr]
(approxi mately 2.7 grans) of each catalyst is diluted with 15
cnferr] of glass beads and | oaded into a

Thls Sheet Has Been Rep.
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1 9 cm (314 inch), outer dianmeter 316 stainless steel tubular reactor which
heated by a three-zone electric furnace. The first zone, acting as the

preheatl ng zone, vaporizes the feed. The tenperature of the center zone. 20

of the fuwogsas791a adj usted to give a reaction tenperature gicriisdsazeno] C and

t he pressure is maintained at 100 kPa (1 atm. The reactor is

purged first with nitrogen at 50 cnB/mn flow rate for 30 m nutes.

The feed, a 4:1(nol ar rati o) of water and nethanol, is punped into

the reactor and calibrated to gi 4 a flowrate of about 0.7

hr[err]1 WHSV cal cul ated on the basis of 25 met hanol and catal yst only.

The effl uent |rv§ ﬁlal zed at pre-determ ned intervals by an on-1line

gas chromat ogV4B ted with both a t her mal conductivity detector

and a flame iqgnizat egt o PP L 2S . ar :

substanti al | yqt he s%qn@eg@hl &Eé%rr'?’pqnén%?n organic ;mﬁ'ﬁs H%"?%@z%z olefins

13 comprising: contacting a feed conprising said oxygenate

with a small 5 pore nol ecul ar sieve catal yst under

condi tions effective to contacting a feed comprising'sfid GRgahie! ét&ﬁmz%%élenal

conditions including a tenperature . from err

700[ err]5C, a pressure frwith @ smalkpare snadlecdlanisieve catalyst under condltlonSand a

wei ght hourly space vel o fromO,01 Eerr]lto 500 hrf[err]1

wherein said catal yst C(ﬁﬁﬁpﬁgﬁé‘) quq%ﬁ?e% RSof material 10

sel ected fromthe group consisting of 5| |ica, alum na,

phosphate, and combi nat i'\¥M@reimh rcatalyat Lompsisesea framework of material

selected fromthe group £@O3LGt § Olhe roup  consisting of silica, alumina,
pol ynucl ear aronmatic heter ocyc |c rﬂ)ou ds

conprising at | east thrqmosphate;ormdctc&ﬂnb;hauons thereof, and a modifier

structures conprising at | east one nitrogen atomas a
10 selected from the group consisting of:

polynuclear aliphatic heterocyclic compounds
comprising at least three interconnected ring
structures comprising at least one nitrogen atom as a
ring substituent, each of said ring structures having at

15 least five ring members;

decomposed derivatives of said polynuclear aliphatic

heterocyclic compounds; and

mixtures thereof.

20 2. The method of claim 1 wherein said polynuclear aliphatic
heterocyclic compounds have the following general siructure:

is Sheet Has Been Replaced
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L 4

ri ng substituent, each of said ring structures havi ng at

ast fiv nbers; : deconp ti ves
I said ps’f’éﬁ@g‘% r aromatic het g?ﬁ@’?gﬁ%‘ﬁ
conpounds and 20 I Xt ures thereof.

The nmethod of claim 1 wherein said polynuclear aromatic
het erocycl i ¢ conpounds have the foll ow ng general structure:

97LKR212 14 -_— 5
6 3 2 1
9 This Sheet Has Been R

W Il! Illl

RZ R1 R1 [} Rﬂ

wherein at least one of R'- R1° comprises nitrogen.

3. The method of claim 2 wherein at least two of R'- R'® comprise
5 nitrogen.

4. The method of claim 2 wherein said polynuclear aliphatic
heterocyclic compounds comprise at least two nitrogen ring
substituents at positions selected from the group consisting 6f R1

10 and R'®, R* and R7, R" and R’, and R® and R®.

5. The method of claim 1 wherein said polynuclear aliphatic
heterocyclic compound comprises 1,10-pﬁenanthroline.

15 6. The method of claim 1 wherein said polynuclear aliphatic .
heterocyclic compounds have the following general structure:

-

O N R
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wherein at | east one of positions 1-10 is-substituted with nitrogen.

3. The method of claim2 wherein at |east two of positions 1- 10 are ‘5.
substituted with nitrogen. 4. The nethod of claim 3 wherein
sai d pol yMRP¥FP1Zr omat i ¢ het er ocycl i c conpourRET7ESA#ARTMe. at .

| east two nitrogen ring substétuents at positions sel ected
fromthe group consisting of 1 10

and 6.
sai d

5.

phenant hrol i ne. 15

pol ynucl ear aronmatic

gener al
5
6

structure:
6
R4
RS
7.
5
8.
9.
10
10.

15

and 10, 4 and 7, 1 and 7,

and 5

The net hod of any one of the preceding clains wher ei n
pol ynucl ear aromatic heterocyclic conmpound is 1, 10-

6. The nethod of claim | wherein said
het erocycl i ¢ conpound has the foll ow ng
97LKR212 15
7 . 4 _
3 Re R R? 9
-1]
RD
R2 R Rt
This Sheet Has Been Rep

[T

wherein at least one of R'-R1%is nitrogen.
The method of claim 6 wherein two of R'- R0 are nitrogens.

The method of claim 6 wherein said polynuclear aliphatic
heterocyclic compound comprises phenazine.

The method of clam 1 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

The method of claim 2 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

LT
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2 1 10 5 wherein at |east one of-
pQsitions J- LS. substituted w th nitrogen. 10 7. of
clqai m 6 vO?YS’?’g’F?PS’?m of positions 1-1Q are su&gﬁﬁ%p@gﬂe\nt h -
ni t rogen. glhis Sheet Has lacsf claim 7 wherein said pol ynucl ear
aromatic m“"l i npound i s phenazine. 15 9.

The nmet hod of any oné g clajms wherein said
oxygenate is selected fromthe group consisting of methanol and

di net hyl et her. 20 10. A catal yst conpri sing: a
smal | pore silippal UrRgophethodat of noclaiy! a4 swheérein  said catalyst is a
catal yst; and . a nodifier selected fromthe group.

consi sting of: silicoaluminophogphate catalyst comprising poresieconsisting

pol ynucl ear aromatic _heterogcyclic . c ounds :
conprising at | east q%egﬁa %P@é’iﬁiﬂ%‘@{i%&r about 5.0 Angstroms.
structures conprising at | east one nitrogen atomas a

ring substituent, each of said ring structures having at
5 12. The method of claim 5 wherein said catalyst is a

silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

13. The method of claim 6 wherein said catalyst is a
10 silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

14. The method of claim 7 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting
15 essentially of a diameter less than about 5.0 Angstroms.

15. The method of claim 8 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

20 ' |

16. The method of claim 1 wherein said organic starting material is

selected from the group consisting of methanol and dimethyl ether.

17. A catalyst for converting an organic starting material to olefins
25 comprising:

a framework comprising a material selected from the group
consisting of silica, alumina, phosphate, and combinations
thereof, said framework comprising small pores in said
material; and,

30 : a modifier selected from the group consisting of:

THIS SHEET HAS BEEN
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5 | | east five ring nenmbers;
deconposed derivatives of said polynuclear aromatic

hét-erocycl i ¢ conpounds; and m xtures thereof. .
10 11.wodgeraeat al yst of claim 10 wherein said pol ynucl perussspsxedo C
het erocycl i c conpounds have the followi ng general structure:

5 6 4 18 7

3 2 10 : 9

wherein at |east one of positions 1- 10 is substituted with nitrogen. 15

12.  The catalyst of claim 1polmuctsan szliphgticynineteracyeali® macompounds
het erocycl i ¢ conpounds conprise _at. | east t\é\o I tpogen rin
Sgtlouf

substituents at positions sel SRFPHSNGNAEH d an'iné?'%ﬂanS?lei’ ring

and 10, 4 and 7, 1 and 7, andshugfifed comprising at least one nitrogen atom as a
AVENDED SHEET 3 - .
ring substituent, each of said ring structures having at

5 least five ring members;

decomposed derivatives of said polynuclear aliphatic

heterocyclic compounds; and

mixtures thereof.

10 18. The catalyst of claim 17 wherein said polynuciear aliphatic
heterocyclic compounds have the following general structure:

This Sheet Has Been Replaced
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wherein at least one of R'- R1° comprises nitrogen.

15 19.  The catalyst of claim 18 wherein said polynuclear aliphatic
heterocyclic compounds comprise at least two nitrogen ring
substituents at positions selected from the group consisting of R1
and R'%, R* and R”, R! and R, and R® and R®.
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97LKR212 17 13. The catal yst of -

agy one of clai ns. 10-T2—wherein—said nodi f i
sei ected MORARY groyp. ¢ con5| sting of: PCT’US98’127°° .
1- 10- phenant hr ol i ne; s Sheet Has Been Replaced deconposed derivatives of

m xt ures thereof.
sai d g0l ynucl ear aromatic
Oow ng general structure: 10

1, 10- phenant hr ol i ne; ﬁ'ﬂlﬂﬂ
14 The catal yst of cl

het er ocycl i ¢ conpounds have the fo

5 6 4
g 120. A catéiyst i%r con\ieSrting an organic starting material to olefths
comprising: -

a framework comprising a.material selécted from the group
consisting of silica, alumina, phosphate, and combinations

5 thereof, said framework comprising pores having a diameter
of less than about 5 Angstroms; and,

a modifier selected from the group consist'ing of:
1-10-phenanthroline;
decomposed derivatives of 1,10-phenanthroline; and

10 mixtures thereof.

21. The catalyst of claim 20 comprising a silicoaluminophosphate
catalyst.

15 22. A method for increasing the selectivity of a small pore molecular
sieve catalyst to olefins comprising exposing said small pore
molecular sieve catalyst to a modifier under conditions sufficient to
produce a modified small pore molecular sieve catalyst having
improved selectivity to olefins, wherein said modifier is selected

20 from the group consisting of a polynuclear aliphatic heterocyclic
compound comprising at least three interconnected ring structures
comprising at least one nitrbgen atom as a ring substituent, each of

said ring structures having at least five ring members.

25 23. The method of claim 22 further comprising exposing said modified
small pore molecular sieve catalyst to conditions sufficient to

decompose at least a portion of said modifier.

% € L M S *
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wherein at |east one of positions 1- 10 is substituted with nitrogen.
15. The catalyst of claim 14 wherein two of positions 1-10 are 20

sUbstit ut ni t rogen. 16. The catal yst of erei n
sai d pol yﬁg)cs\flglésgylzar omatic het er ocyclic conpo%ﬁﬁj’lfr%sé%@ azi ne.

AVENDED SHEET 97LKR212 17. The

catal yst of claim 10 wherein said nodifier is selected from t he group
consi sting of 1,10-phenanthroline, 1,7-ph2manthroline, 4,7-

phenant hr ol i ne, phenazi ne, and benzo(c)cinnoli ne. 5 18." The invention of
any one of the preceding clains wherein said catalyst is a

si l'i coal um nopbdisplEhe Awitliod sof aslaips | 22 nevhereins said polymucleara aliphati¢ er  of

| ess than 5.0 Angstrons. . . e
heterocyclic compound is selected from the group consisting of
1,10-phenanthroline,  1,7-phenanthroline,  4,7-phenanthroline,

phenazine, and benzo(c)cinnoline.

5

25. The method of claim 22 wherein said polynuclear aliphatic
heterocyclic compound comprises 1,10-phenanthroline.

26. The method of clam 22 wherein said catalyst is a

10 silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

27. The method of claim 23 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting

15 essentially of a diameter less than about 5.0 Angstroms.

28. The method of claim 24 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

20

29. The method of claim 25 wherein said catalyst is a
silicoaluminophosphate catalyst comprising pores consisting
essentially of a diameter less than about 5.0 Angstroms.

A
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