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PROCESS FOR CONVERTI NG METHANOL OR DI METHYL ETHER TO OLEFI NS FI ELD
OF THE | NVENTI ON The presentqinvention relates to a process
for converting nethanol and/or 5 dinmethyl ether to olefins, particularly
light olefins rich in ethylene and propyl ene. BACKGROUND TO THE

| NVENTI ON proCESENAIRE coNVERTTHE MbiriDGioD R Chri@hrel i sghtr @b &fLkrms
especially ethylene and propyl ene, for a variety of uses maeking it
desirable to devel op sources of the 10 olefins additional to the

conventi onal so#EELS OF THEINVENTIOBNe such additi onal source i's

met hanol and/or dine

over certain zeoli tel-n(t::a/a‘lfre én@ﬁ(ra%ﬁ?{‘at%sa@ %gn{ég h\%"\'ﬁ (yﬁ'gg’ ‘%ﬁ’xtur es.
For exanpl e, 5USdimstayhethppio OEmepar@nnarwxghﬁalnﬁesmmaemmnélant;bromdamebe
converted to (Jerr] - (ferr] olefins by contacting the nethanol at a
tenperature of 300- 15 700 err C W|th a crystalline alum nosilicate
zeolite catal ysBAR NRTQ THE 8 | ndex of 1-12, such as ZSM 5,

and whi ch contains aThér@%Ségr&Mﬁglhe&}fzﬁlg%&H\'ns espec:M@'eﬂMen@EnthOSphorUS
I ncorporated in the crystal structure

Patent Nos 4, 048TRYigne T avagety o smaénea Bgsswahﬁtto fevelon sovrcesef thes
convert ed taoa bgednsawtboa! tmtmtcuﬁ\enﬁonahouneqredédu Ondgzhraliditioral i Ns and

nononucl ear t r contacting the

nmet hanol at a té rgggtnte?}iano?a%d}ors%%l %%[@ﬁh cega%? taly%:laéy u?’%&gf 0.2 to 30
at nospheres wit Iowa' certsin zedlitel aatalysts to olgfinrnentaising hyslacarbe olixtires.cat al yst whi ch
has a Constrai nt '“dﬁa?é%m&lelt?sﬁa@nt%’d 811,041 dnﬁ@o‘se?ﬁﬁ{‘mgﬁgh&h&%@y the

additi on of an oxi de of boron or nesi um el t one or In

conbi nati on or FPP‘FU?‘? Rtz &ﬁ’ﬁf’?f‘élyl Rlaginerhe,methanch it atrEReRkYe Y 3095

US Pat ent qus ,7?@@ Withta ayaaﬁzr@mm&wreaté eolies &}dl;&g@mw Rdsth Cohstriift tcﬁt alytic
conversion o an ver i ncreas n e
diffusivity of n?"ﬁ%" ﬁtn%a%v%isu@@ @rcht%a'alnaﬁés“?%&}@ﬂ%%%gof t he
zeolite and by weight of phospbaru$ stcorpbiategl'in thie ctyistal steofuret of theareetite. Thi s pat ent

al so discloses that fy palehpidligns7s ana%sﬁgé bk osBmat AL RAGICBRBE C O

reduce its al pha actirvity t
converted to a hydrocarbon mlxture nch in C; - C;3 olefins and mononuclear

20 aromatics, particularly p-xylene, by contacting the methanol at a temperature of

250-700°C and a pressure of 0.2 {o 30 atmospheres with a crystalline
aluminosilicate zeolite catalyst which has a Constraint Index of 1-12 and which
has been modified by the addition of an oxide of boron or magnesium either
alone or in combination or in further combination with oxide of phosphorus.

25 US Patent No. 4,480,145 discloses that the ethylene yield in the catalytic
conversion of methanol over ZSM-5 can be increased by moderating the
diffusivity of the zeolite by the use of the large crystal form of the zeolite and by
silica "stuffing” of the zeolite pores. This patent also discloses that by steaming
the zeolite at 180-820°C to reduce its alpha activity to 6-10 the cycle life and

30  methanol conversion activity of the zeolite can be increased. The reaction
conditions employed in this patent are a temperature of 260-400°C and a
pressure of 1 to 10 atmospheres.

US Patent No. 4,849,573 teaches that the use of zeolites with a
Constraint Index of 1-12 and a silica to alumina molar ratio of 298 to 2000



30 met hanol :conversion activity of the zeolite can be increased. The
reaction ° conditions enployed in this patent are a te erature of

260- 400[ er r | YOI pressure of 1 to 10 atnospheres. /US00/25901 Us
Patent No. 4,849,573 teaches that the use of zeolites with a

Constraint Index of 1-12 and a silica to @ umna molar ratio of 298 to 2000
2 I ncreases the light olefin yield when nethanol is converted to
hydr ocarbons at a tenperature of 350-700[err]C and a pressure of 1 to
100 at nospher es. increases the light olefiogyigldwhen metbanp! isa@n@Eried & hydrassdons &ka t he

addi ti on of Var'Q@e%ﬂfﬁoﬁOWCaw%&Sg&%&gﬂ@ﬁP@%ﬂ E%%pé’g)ounds such as
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sorption and di f {oEHiRG aRmalié EoniicRAN, Qich dsoliiee! Aczdledite the Behversich of

A N X

particul arly | owsufficient to pefraitrparptiiniand diffusibn ofttheé prometes cintpasicylar the '3 | ower

ol efins (colum %atelllt t&%ﬁesl&at?tg% mcéQsegIQhk?erél& Jéé@{.;@'f@nilmgfa é»&% digfecnt the

addition of tolu ure reqU|red to
achi eve full netpameter GWéh%maemerﬁ@wysoMt@ns cPamCUlaﬂYZBU?Ferr] C while

i ncreasing the efemgofifes/ WhlcH increagd thé yid6ridivet Bielihs :iun i NRes 17-220Exanpl es
of -the ' 314 patent 'the ?nst hgn(')lcf dstyock I S |e s&o n wg?er a)EX

ni trogen such®t h&Rus; iR Ex3raRie 4 bhe ﬁé’F?‘l‘hﬁ acfﬂ:tpggmog:epgaq %E@"PF‘F&FF"E%l a. 15
The ' 314 patent {he térmpurataentqlirett ® athievd il erietvaaoitcotvapsiar fedm Dg6°Cio t he art

overal | sel ect | vitC Wik eBlsfl nBRRG B VB (i D IBuB IR e L hanal 1o
i ncreased and thﬁxamlmf&ﬁeﬂ‘* patend thie uathianol fpedsiock isctliivted wills wateeandnper at ur e

Is increased. Th te ctivity have
focussed on s Stm@&gﬁm&?}]ﬁé@me nmrﬁ%ﬁmrééugar'gﬁ%@gngglfgw 350[err] C, and

| ow net hanol parti al nti§dersgpentative °fé’ﬂ§1%’§f|§ﬂ’eﬂ"P€°'atBH frofe ardnadi v,
however, operati wth@&odv@eéioﬁef mananol a@rrhéomtespém 25 Z8M-5, the ova@m eslsavity ¥
reduces the per pggc?'aaestep Xs -] anslaleplrgssgrg%f me@:agoltls I‘Ecr%’é’s%ﬁ %nd thaI eti\)(:iler?ency
selactivity is reduced as the temperature is increased. Thus attempts to
maximize ethylene sefectivity have focussed on systems operating at low
20 temperature, below 350°C, and low methanol partial pressure, below
atmospheric. Unfortunately, however, operation at low methanol partial pressure
necessarily reduces the perpass ethylene yield and hence the overall efficiency
of the process.
Unexpectedly, it has now been found that by using a zeolite having 10-
25  ning intersecting channels, such as ZSM-5, in a catalyst with reduced diffusion
characteristics and by operating within narrowly defined, but relatively high
temperatures and pressures, methanol can be converted with a high selectivity

and yield of C, to C, olefins, particularly to ethylene.

30 SUMMARY OF THE INVENTION
The invention resides in a process for converting methanaol or dimethyi

ether to a product containing C, to C, olefins, the process comprising the step of
contacting a feed containing methanol or dimethyl ether with a catalyst which
comprises a zeolite having 10-ring intersecting channels and which has a

35  Diffusion Parameter for 2,2-dimethylbutane of less than 100 sec™’ when



of the process. Unexpectedly, it has now been found that by

using a zeol %em i’ng 10- 25 ring intersecting channels, ZSM 5,
in a catal yst W }?ﬁs¥reduced di f fusion characteristics Pacz.ﬁggbéﬁi%erati ng -

within narromy defined, but relatively high t enper at ures and
pressures, nethanol can be converted wt h3a hi gh selectivity and yield
of C2 to &4 olefins, particularly to ethyl ene. 30 SUWARY OF THE
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gl)ezl ns, the ItOL OB $SKPH), e wgﬁwnghﬁpsémg)mﬁucted at atemperatiren 320 foeed :
nt ai ni ng net ha ar ne ._.et he ' .al yst which '

a zeolite havi ng&%‘;ﬁ'ﬂ%}'ﬁ‘ﬁ 8%'@348%%5 "ge\(é%%&r}ﬁgf@s&é%dyjmi chI (k:las a 35corrpr| >

Di f fusion Paraneter fReefe@bly, e catelystihas e Biftusion Pramster péaboaldh1-3@88c r] when

3 rreaZ%r ed at t%ew%gaz@ﬁé stbp Rl cperaldd Mkt theFnetnationet hy! but ane

pressure of ) I e contacting step being conducted at a
t enperat ure of 3GVEIGON per pagyy , a nethanol partial pressure of 30 to

é?oagzi ?- 0 130 [ Prefefagg?ﬂ\é%ﬁlysttcgﬂai?ﬁbﬁg?wéofhﬁSsphoﬂs_ffUSi on Par anet er
u . 1- secl[err]. refera cantactin ep is
operated so that the PﬁﬂLﬁQHDW catalyst cgptaios 5?%3195&" %zggé%l @%gg@@?oe P
Preferably, the prafepdblyiboatontoabost 10wt% xefdeid okide puaspharvusien an elemental
Preferably, We g%‘sal yst contains about 0.05 to about 20 Wt % and nore
pref erabl y about to about 10 wt % of said oxide phosphorus on an

el emental 10 basis. Preferably, the zeoliteip €BMriabl y, the zeolite is ZSM5.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a process for selectively converting

15  methanot or dimethyl ether to C, -C, olefins, and particularly ethylene, using a
catalyst which comprises a zeolite having 10-ring intersecting channels and which
has a Diffusion Parameter for 2,2-dimethylbutane less than 30 sec™, preferably
0.2-10 sec™, when measured at a temperature of 120°C and a 2,2-
dimethylbutane pressure of 60 torr (8 kPa).

20 As used hérein, the Diffusion Parameter of a particular porous crystalline

material is defined as D/r2x108, wherein D is the diffusion coefficient (cm2/sec)
and r is the crystal radius (cm). The required diffusion parameters can be derived
from sorption measurements provided the assumption is made that the plane
sheet model describes the diffusion process, Thus for a given sorbate loading Q,

25  the value Q/Q. , where Q.. is the equilibrium sorbate loading, is mathematically
related to (Dt/r'-?)u2 where t is the time (sec) required to raach the sorbate
loading Q. Graphical solutions for the plane sheet model are given by J. Crank in
“The Mathematics of Diffusion”, Oxford University Press, Ely House, London,
1967.

30 The catalyst employed in the process of the invention comprises a zeolite
which has 10-ring intersecting channels. Suitable zeolites include ZSM-5 and
ZSM-11, with ZSM-5 being particularly preferred. Zeolite ZSM-5 and the
conventional preparation thereof are described in U.S. Patent No. 3,702,888, the
disclosure of which Is incorporated herein by reference. Zeolite ZSM-11 and the



The present i‘nvention provides a process for selectively converting 15
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et.hyl ene, using a catal yst which conprises a zeollte ring

I nt ersecting channel s and which has a Di ffusion Paraneter for

2, 2-di met hyl but ane | ess than 30 sec[err], preferably 0.2-10 secferr],
when neasured at a tenperature of 120C and a 2. 2- di met hyl but ane

f X used ' '
P anot or of o fovbntliireHatat ieret wrp seRraTh UIS! Fidte by S04 rouBpn o s
D/ r[err] x10[ er r $isclosues afiwhicD is iscarherated hénaini byefereeéd.i ci ent (cnferr]/sec)
and r is the crystaIAg&qbéﬁlo g?m'p;'%gc%tggar e5 ﬂﬁhééﬁw%%wwhﬂs can be

deri ved from sorption ne e assur’?)tlon I's made
that the pl ane a Diffusion é@!"%&&lzm@@WlMénQW'fWPﬁWU%P’GH@SW&QéSQ Thus for

a given sorbat eahdgslialy ifdxcess of 46D 631, %\A@@Q} @a@rd]ffuﬂm&m%%rrﬂe is the

equi l i brium sorbate | padin i's mat hemati ated to

(Dt/r[err])1/2 SRy Fg‘vg?f@“tcﬁ?@e ?‘9@%‘3‘5"P&Gdﬁ?%ﬂ°ftﬂﬁe‘f‘%‘&[¥ﬁ'slcﬁée%or bat e
| oadi ng Q G apéyntrietic stedtetidso Thefrmdthdd e aainmahémwwtmi@iremsmel ven by J.

Crank in " hemat.i cs of u5|o rsity Press, Ey
House, London, camyst%%yve%mssevereys QB%E%%’V?W@%&%‘@ ® in the

process of the contrelied reductiomipthesmisraporeaoluimieaf the catalyst to hotless thdh 50% g

i nt ersecting,ch b _— ZSM 11,
wWth 7SM5 B2 ng"H&ﬁ%’?fa‘Eﬁﬁg?ﬁ bﬁb nga# e YE?‘%%% %@%@R@E@n%m
conventional pr®jssapare whimens ﬂerowred Ay medniog theavheaxana adsorption capacityef
3,702, 886, the e catagkf géfgégh a{? r esm%, hiSoob® GRS POlALEIEXERS FreSsufy

reference. Zeolite Z

4 convefteaminglis gffesied etie temperatire obat leastabgutihorG asefembly aboutpat ent  No.
3,709,979, the ggg ¢ ab@h%@‘dl aRd ﬂ%st‘(’)&?&fﬁﬁbt&%b&dﬁ@é@% é”JoGﬁd%%‘c?foP by
ref er ence. convent [ ared cata ysts cont ai ni ng

ZSM 5 and zZ& 1&bqﬁ'a%m'"utes to gboyt 10 Wiaﬁrem? ra B0 finutes 0 SdowE: hy| but ane

significantly in excrsdiettthefesied tattroled re@cn&nielrﬁwg:&awmmandexcess of 1000
sec[err]. Hovvev&;"ﬁlthe dlffu @al yst of the

e
i nvention can BLRARLP Sy H'a\‘%hgf' '%glﬁfm fﬂ"&ﬂeo‘b%l’?}a'?ﬁtsm% _
synt heti c str at sigamiag, witha pretghoclistmodifiehiTaw ambire ofiptidspisarys ingdifiercas red f or

the measured on an elemental basis, may be between about 0.05 and about 20
20 wt.%, and preferably is between about 1 and about 10 wt.%, based on the weight
of the final catalyst.

Incorporation of the phosphorus modifier into the catalyst of the invention
is conveniently achieved by the methods described in U.S. Patent Nos.
4,356,338, 5,110,776 and 5,231,064, the entire disclosures of which are

. 25 incorporated herein by reference. Treatment with phosphorus-containing
compounds can readily bé accomplished by contacting the porous crystalline
material, either alone or in combination with a binder or matrix material, with a
solution of an appropriate phosphorus compound, followed by drying and
calcining to convert the phosphorus to its oxide form. Contact with the

30 phosphorus-containing compound is generally conducted at a temperature of
about 25°C and about 125°C for a time between about 15 minutes and about 20
hours. The concentration of the phosphorus in the contact mixture may be
between about 0.01 and about 30 wt.%,



catal yst of the invention is severely steamng the catalyst so as to effect

a cont Ji%g eduction in the mcropore vol une of Hi’t%ﬂ'@?s‘i"ﬁ%ft to not.

| ess than 50% and preferably to 50 - 90% of that of YQanmed
cat al yst Reduct ifon in m cropore volune is derived by measuring the
n- hexane adsorption capacity of t heScatal yst, before and after
steam ng, at 90[err]C and 75 torr n-hexane pressure. Steaming is

effected at a tenperature of at st about., 850C, preferably, about
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and about 10 w.% based on.the final catalyst
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i s conveniently prpiang ReH bsecbﬁmmaghﬂph\ddaﬁmm@dphdsmin& suchtag blityNoS .
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conpounds can r‘:&q% I,y,elpéﬁ, Ml@me@hﬁﬂ@?@gﬁd ®8mgg%dcr ystal line

material, either alone or 1n combinatlon trix material,
wth a Bo| usscandant RaP(CIPXratpsphatie apide syrhas benazoepaspbionid adid, hwed by

d d | t t th ' i de f
Comt ag Anlih t nedashopiing sty evEERe siasISRE R AR RePEISL I8 #E onuct ed
at a tenperatur gf¢fe cfhosphoﬁlﬁ@biﬁs %ﬁa@@ﬁl@%&p%ﬁ&& E(Rb%z@(éfﬂ di%lk?l é]i@/l bet ween

about 15 m nutes and about hours. he concentTation

phosphorus i n t phosphanates, (RO)ZP(P)R, ﬂmlbédlafkyfphqw’mmgm(mﬁi 01 and about
30 wt.

Repr esent ative ;ﬂ%%}'ﬂﬁ’l"‘ﬁ?a%s ﬁgp?ﬁi sﬁ‘ﬁh EEH‘S%S‘M'RH%S"CKH°%%“M"’B%’VUSed

i ncl udg d;a( rijsat IF%@w(@k)zg s6dopdary FROPFOK, @Ad vtiaRXRO)FP dhessHites,Bnher r | PX,
Rerr] Lerr] esters thereof such as the monopropyl ester, alky! dialkyiphosphinites, (RO)PR2,

and dialky! alkyphosphinite, (RO)2PR, esters. Corresponding sulfur derivatives
may also be employed including (RS)2P(S)H, (RS)2P(S)R, (RS)P(S)Ry, RoPSX,
(RS)P(SX)2, (RS)2PSX, (RS)3P, (RS)PR3, and (RS)oPR. Examples of
20  phosphite esters include trimethylphosphite, triethylphosphite,
diisopropylphosphite, butyiphosphite, and pyrophosphites such as
tetraethylpyrophosphite. The alkyl groups in the mentioned compounds
preferably contain one to four carbon atoms.
Other suitable phosphorus-containing compounds include ammonium
25  hydrogen phosphate, the phosphorus halides such as phosphorus trichloride,
bromide, and iodide, alkyl phosphorodichloridites, (RO)PC12, dialkylphosphoro-
chioridites, (RO)2PC1, dialkylphosphinochloroidites, RoPC1, alkyl
alkylphosphonochloridates, (RO)(R)P(O)C1, dialky! phosphinochloridates,
RoP(0)C1, and RP(O)C1o. Applicable corresponding sulfur derivatives include
30 (RS)PC15, (RS)2PC1, (RS)(R)P(S)C1, and RoP(S)C1.



(XO)[err]PO (XO [err]P, Rerr]P=O Rerr]P=S, RPJerr], RPSerr],

RP(O (OX)[err], RP(S)(SX)2, Rlerr] P(O OX, RZP(S)SX, RP(OX)[err],
RP(SX)[err], “R(!D(ZGX)[err] , RSP(SX)2, 5 (RS)[err]PSP(SR) [rrmspo/zsast

(RO 2POD(O?)2 where Ris an alkyl or aryl, such as phenyl radical,
and X is hydrogen, R or halide. These cogpounds include primry,
RPH err], secondary, R err]PH and tertiary, R3P, phosphines such as butyl
phosphi ne, the tertiary phosphi ne oxides, R err] PO such as tributyl
phosphi ne OXi d@,antchlarprmspﬂmwpm@‘doﬁ@omHsﬁﬂcdﬁsamR%Fiﬁm the primry,
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(ROJ[err]P(OR, &@P%ﬁ)? R@o I;sjrl{al 2;#%;? @r?g%”éesai’)?mb ﬂf%%
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(RS PLow) [ orr], Cregaie) %wgleame&gyéb%ﬁﬁdsg%mém% 48 BBsinck ol oo of 20
RS bocsbeirshe ol syt o
t et raet hyl pyr op%gé%tﬁmp% édﬁ}@'}gr “’Eﬁas‘g}'&ﬁ'ﬁfr&%aﬁﬁ%ﬁ oned conpounds
preferably contain oiike teplifecamplayad Indhe priocess.of the invention may be@mmbined ui t abl e
e os oo Rl Yarie BT e ik B P cRe hpdlaRAE R N o
r
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6 tends to change the conversion and/or selectivity of the catalyst and hence is
generally not preferred. Inactive materials suitably serve as diluents to control

20  the amount of conversion in a given process so that products can be obtained
economically and orderly without employing other means for controlling the rate
of reaction. These materials may be incorporated into naturally occurring clays,
e.g., bentonite and kaolin, to improve the crush strength of the catalyst under
commercial operating conditions. Said materials, i.e., clays, oxides, etc., function

25  as binders for the catalyst. Itis desirable to provide a catalyst having good crush
strength because in commercial use it is desirable to prevent the catalyst from
breaking down into powder-like materials. These clay and/or oxide binders have
been employed normally only for the purpose of improving the crush strength of
the catalyst.

30 Naturally occurring clays which can be composited with the porous
crystalline material include the montmorilionite and kaolin family, which families
include the subbentonites, and the kaolins commonly known as Dixie, McNamee,
Georgia and Florida clays or others in which the main mineral constituent is
halloysite, kaolinite, dickite, nacrite, or anauxite. Such ¢lays ¢an be used in the
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strength of Ehepfo@{mﬂré/ﬁi pHARETSM-S wih SAIETBIALAhORBS A EkAioh PRiteis. ons. - Sai d
materials, iv

function 25 Bgers r_the
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strength becaUSSféﬂhi&ma%@lysﬂlﬂlslﬂmdlzsd Beidatahfat mai« comppree elay inthe cat al yst

from br eak] Li ke mater and/ or
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mat eri al i nclude t he nont

i ncl ude the subBedagivity.disingdherlphadert 8bagidactivity fissiosed ws«ma‘afg @aa?'if??e 1es
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the catalyst used in the process of the invention is characterized by an unusually
25  high hydrothermal stability such that, after steaming the catalyst at 1025°C for 45
minutes in 1 atmosphere steam, the catalyst exhibits a methanol conversion
activity of at least 50% when contacted with methanol at a pressure of 1
atmosphere, a temperature of 430°C and 0.5 WHSYV, preferably at 1 WHSV and
most preferably at 2 WHSV,
30 The process of the invention is preferably carried out in a moving or fluid
catalyst bed with continuous oxidative regeneration. The extent of coke loading
can then be continuously controlied by varying the severity and/or the frequency
of regeneration.
The process of the present invention is conducted at a temperature of 360

35  to 480°C, a methanol partial pressure of 30 to 150 psia and a methanol
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al pha val tﬁembmatnbﬁaealqn Pl 6, mﬁaed.&hlta/mbmsﬁo:tth@reeé .ﬁpd typically
below 1. Preferably, he catalyst used in the process

invention is ch&PQE?%rq“E%'ﬁylweén unusual |y 25 hi gh hydr ot her nal st ability
such that, aister stedne fegditbuk mataidoyompdse snitomaticichfipband wWiich hasa m nut es

activity of ar Qe StmbECaerthah kBooRibelk bR AafF il and SRR of

at nosphere, a t eapablenfiaikylation by3De methpm! andfotdimetiisther pndsr saidiiley at 1 WHSV

and nost %ﬁésﬁn@@ MeﬁFac@ssV\g@ébleSaQomatxc compddi@s Plcfi@eBénzehe,t he i nvention
is preferably carried ? a_jroving o lFI]
toluene, xylenes, C9+ reformate treams light reformates, full-range reformates

20  or any distilled fraction thereof, coker naphtha or any distilled fraction thereof,
FCC naphtha or any distilled fraction thereof, and coal derived aromatics. Where
toluene comprises some or all of the aromatic compound, the process of the
invention produces xylenes comprising a high proportion of the para isomer, in
addition to the light olefins.

25 Where an aromatic compound is present, the molar ratic of methanol
and/or dimethyl ether to aromatic compound will normally be greater than 5:1,
and preferably from 5:1 to 150:1.

The process of the invention converts methanol and/or dimethyl ether to a
light olefin stream in which ethylene comprises over 30 wt%, and typically over 40

30 wt%, of the C, to C, olefins and in which ethylene comprises more than 90 wt%,

and preferably more than 95 wt%, of the C, component.
The invention will now be more particularly described with reference to the
following Examples and the accompanying drawings in which:
Figure 1 is a graph of ethyiene selectivity against methanol partial
35 pressure for the process of Example 1;



catal yst bed wth continuous oxidative regeneration. The extent of coke

| oadi ng ‘ﬁéggen be contl nuously control |l ed by varyi ng_l_t he severity,
and/ or the frequenc regeneration. BB of the
present invention is conduct ed at a tenperature of 360 35 to 480[err]C, a
met hanol partial pressure of 30 to 150 psi% and a net hanol

8 conversion per pass of less than 95% Preferably, the process is
conducted at a t erature of 400 to 45 a net hanol parti al
pressure of 60 to 12(5?%2?%'5%9{35“°fwmpﬁ’éﬂ%5ﬁ8‘{‘§8[§h@§?'§?‘5‘}¥?9@' Lass of
25-90% methanokpgﬂnalﬂrésamlforfmwocesm Esampgle aiwith deas bf BGmpld)a of

met hanol may beé@%ﬁ@ et%dprow de nethanol for the use in the process of
t he inventi on. antlg pure net hanol, such as industrial grade
anhydr ous net hanol , |F$9"E?rﬁl’?eﬁﬂ'?9h°“°ta‘°'%f"@|ﬂe!f§1"€fyaﬂ§'ﬁﬂé‘%ﬁwa' whi ch

usual I'y cont as nsm&mfe dt2raticus2Empérifue irtthe pRicess ofExamwerA a nore dilute

solution, may also b t he presenc

di | uent to reduce thg #ge%gwl_gs'peépﬁr% nt ?’58598?%*’ ed '%Bﬁaw&&mff"gﬁ'bﬁﬁd in
general 10 is mariitipwbicktheci®!, 112" &R quanizireastof witti 1/83 O\D. intergdltqu

o ot her - oxygencl Ly custwas il k€3 107 TRl kIS, “‘oﬁ‘(*?ﬁ'e coﬁ'VS?Q.VSﬁS
reaction of thi safPﬁ’i@W??Qﬁ*PC&ﬁﬂe’#&’P%d;ﬁfp@s@ﬁ'ﬂCh and used gs fepeiveretlistiled f eed.
In place of, jor waeaﬂéb ;trbauaea p. HBRE& Fedd, watsmmfda@@ UERY two high pfe@Bltel S€

di met hyl et her . f eedst,ock _ma a omat o
cijrrpou%d whi ch t'%"ss't'ée d'smace"bet"f RYreR: A&?’Hﬂ@fé?‘gﬂég‘?"@ﬁ%ﬁeﬁ da%d Csi zla of the
zeol i t e cat al ystdesited mhiactati¢ snd delivered trpaiphe pofp.alhe/sexbndpury wa esedao hanol
and/ or di net hyl d“éil?&rthéléléiﬂéd @é‘tbf’ %/Ji’éi‘o% Mbnn§%9b§édqaﬁf19tar el f&f&fb@ﬁs

Sui tabl e aromati ¢ conpounds I nc enes
ref ormate streant®2sn ?5¢eqwmyhrchmasheaﬁ@ee¢mmt@3 ZQ) or any

distilled fract I ohf@ff@&fﬂomfe@'ﬁ%l‘n thePapoRFer Mroddhtnél leattol, it alsbegé | on
t her eof . ,0r an |st|IIedfr tion thereo coal
deri ved ar omat i SR BaRieTng vesed) Gisiah b Aine BE ganesdiptcs po-oy
aromat i ¢ conpounshunirheEndEndiR dstectbr, Bhetinto a product collection can held at room
temperature. Any gasses produced flowed through the product collection can
and finally through a wet test meter. All feed and product lines upstream of the
20 GC sampling were held above 200°C using heat tracing. The unit backpressure
was controlted with a Grove Loader. On-line total product GC was used to
determine product composition. )
Micropore volume (n-hexane) measurements were made on a computer
controlled (Vista/Fortran) duPont 851 Thermalgravimetric analyzer. Isotherms
25 were measured at 90°C and adsorption values taken at 75 torr n-hexane. The
diffusion measurements were made on a TA instruments 2950
Thermalgravimetric Analyzer equipped with a Therma! Analysis 2000 controller, a
gas switching accessory and an automatic sample changer. Diffusion
measurements were made at 120°C and 60 toir 2,2-dimethylbutane and data
30  were plotted as uptake versus square root of time.

Example 1
This example employed an FCC additive-type catalyst containing 450:1
Si02:Al203 molar ratio ZSM-5 in a binder to zeolite weight ratio of 60:40 and
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Exanmple 1 with t ; -
Figure 3 is a grga}g%ugls%?gq%?fgé |1ri selectivity against nmethanol partial 5
pressure at various tenperatures in the process of Exanple 4.
In the Exanpl es, experinments were cond in a downfl owf i xed- bed
unit in which the 18", 1/2 O D. quartz reactor with 1/8 O D. internal
quartz her mpuell was centered inside a 10", single-zone furnace.
Met hanol and L[26! e opt a®hed {rof@ drfch Bi9d usdd
as received. Dist{ 3igre prA@8uced i430%house. 4¥ed vas 438t r odyced
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one punp. The sechnd. punp was used tlo del iver the disti]led water.
1/ 16" O.D. tubi ng| 2plectivirpefHE| j var each fledstock tola single,
250-cc vaporizer pEYWBNas heat-traded Hhd hel disat 2P0[ d8r] C. 15

Propylene 24 15 15 12

C4+ 31 27 26 20

Total 65 61 60 47

The results listed in Table 1 and plotted in Figure 1 are unexpected and
demonstrate that while, total olefin selectivity dropped by only 10%, ethylene
selectivity increased by more than 60% by raising the reactor pressure from 15 to
80 psia methanol. This unexpected improvement in ethylene selectivity without
excessive loss of overall olefin selectivity was demonstrated up to a methanol
partial pressure of about 150 psia, but by 170 psia methanol pressure it will be
seen that both the olefin and ethylene selectivity had decreased significantly.

15

20 These results are important since ethylene is produced at progressively lower

cost as reactor pressure rises.

Example 2 (Comparative)
A ZSM-5 extrudate catalyst containing 65 wt% 55:1 Si05:Al»0O3 molar

ratio ZSM-5 and 35 wt% alumina binder was steamed at 787 °C for 45 minutes
such that the steamed catalyst had an alpha of about 4, a diffusion parameter of



15 Vaporized feed flowed fromthe vaporizer through the reactor, into a
300-cc woorss1 back-m xi ng vessel, through an on-Ii necfi0smqgssepped Wi th
a 60- m DBWAX colum and an FID detector, and into a product collection
can held at room tenperature. Any ggsses produced flowed through the
product collection can and finally through a wet test nmeter. Al feed
and product lines upstream of the 20 GC sanpling were held above
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product conposi fMetgnol conversion level of ahout 703,378 sSYYUAEaPIR 2hexane) neasur enent s
were made on a conputer controlled (Vista/ Fortran) duPont 951

Thermal gravinetric anal yzer. |sotherns_25 were neasured at 90[err] C and
adsorption values taken at 75 torr n-h & The di ffusion

nmeasur ement sSwere nade..an.a TA lnstrunments 2950 Thernal gravinetric

Anal yzer equi pped wit W&w%&;ﬂw—i gas

swi t chi ng accessory a&@?ﬂ}[ﬂmﬁ:t ic sanpl 943anm #81 1sifon

measur enent s were nadeZSM-5WB[ orr1C and {60 1980r 2 |2. 98Bt hyll but ane and data
30 were plotted as upteRid Cenversien sqiiard rodP of {i e 70 Exanpl e 1

Thi s exanpl e enpl oyedLan ECC additi ve- type cat al yst containing 450:1
Sigerr]:A[err]d err|Seiegtivity, Wb ptHOGSM 3 in a hi nder to zeollite wei ght
ratio of 60:40 and [Ethylene 2 4 10
cont ai ni ng about 4 wtpB®PYENee catalyst Had @8en ple.stbaned|at 870[err]C
(1600[err]F) for4 houkG4®Qlefins hat the cdtal ¥t tedted Bad an al pha of about
1, a di ffusion giCEr of 26 add a2f hex on of 38 ny/g.
The catal yst was Totalelefing, ~onvert det hdsal C and 15, 90,

+ 120, and 170 psia. Ethylene, 5 propyl ene, C4+ and total olefin
selectivities under each condition at a neth ion | evel of

about 70% are shown The Fesiiisehawn iTigplese g%?’@ﬁ‘ft?‘?/w E'?"?Ps&‘%ed' e &

namely that raising pressure using a ZSM-5 catalyst with conventional diffusivity
10 dramatically reduces total olefin selectivity without improving ethylene selectivity.

Figure 2 plots ethylene selectivity vs. pressure for the catalysts of
Examples 1 and 2 and shows the unexpected result that olefin selectivity vs.
pressure curves are a strong function of ZSM-5 diffusion parameter at 430°C.

15 Example 3 (Comparative)

Phosphoric acid, kaolin clay, and 450:1 SiO2/A1203 ZSM-5 were slurried
in water and spray dried to make a fluid- bed catalyst. The catalyst was calcined
in air at 510°C. The finished catalyst contained 40 wt % ZSM-5 and 4.5 wt %
phosphorus, This catalyst was then steamed at 1050°C (1920°F) for 0.75 h, after

20  which treatment it had an alpha of about 1, a diffusion parameter of 0.5, and a n-
hexane sorption of 31 mg/g. The catalyst was used to convert methanol at 480°C
and 15 psia and at 330°C and 15 psia. Ethylene, propylene, C4+ and total olefin
selectivities under each condition at a methanol conversion level of about 70%
are shown in Table 3.

25



pressure is plotted in Figure 1.

Table.1 10 Pressure, psia - 15 90

170 VoOURMS ature, [err]C 430 43BCT/US0025901 3.y

430 ZSM5 d/r2 26 26

26 26 MeOH Conver si oni2 70% 70%

70% 70% Selectivity, wt% of HC Et hyl ene

10 19 19 15 Propyl ene

24 15 15 12 A+

31 27 26 20 Jable3 Total

65 61 60 47 The results listed
in Table 1 and pl ofPressure pBliagure 1 are uneipect édd and 18enonsitr at e

that while, total plerpenatarel ¥tivity droppéed by33hly 10% e480y/| enef 15
selectivity increasZ@Mdydi@ore than 60% by nfaisirag the rleact @6 presjsure from
15-to 90 psi al MeOH@ooversidmhi S unexpect ¢d 1 noovenerdt | n70t hyl gne
selectivity wthou excessive | oss of [overall oleffin selectivjty was
denonstrat ed up tof Selediviyawtthof HC parti al pressure of fabout 150 plsia, but
by 170 psia net hanpEthglemssure it wll be seen t hat{ botethe of efin and
et hyl ene sel ecti vi { Bropyiehedecr eased signifi¢antlwt 20 THhesedpesultjs are

i mportant since eth94+«Okfinss produced at progres7vel y llower 42 clost as
reactor pressure rj®therHC's Exanpl e 2 (Conparzsti ve 20 A ZSM 5
extrudat e catal yst| Taltolfing ng 65 W% 55:1 $iJerad] : Al[drr]Ogerr] npolar 25
ratio ZSM5 and 35 wt % al um na bi nder was steaned at 787 C for 45 m nutes
such t[lat tpes st eanedhe ab@liy vabld1@chows thdtdven Kith 280L8 cafalysts IsvingUew on

par aneter o

diffusion parameters, ethylene selectivity at low methanoi partial pressure

decreases markedly as the temperature is increased. In contrast, according to

the invention, it has been unexpectedly found that a combination of low diffusion

parameter ZSM-5, high temperature, and high pressure unexpectedly leads to
10  good selectivities to ethylene and propylene.

Example 4
This Example employed a commercially available FCC additive catalyst
containing 26:1 SiO3:Al,O3 molar ratio ZSM-5 in a binder to zeolite weight ratio

15 of 75:25 and containing about 3 wi% P. The catalyst had been pre-steamed at
790°C (1450°F) for 4 hours such that the catalyst tested had an alpha of about 3,
a diffusion parameter of 25, and a n-hexane sorption of 25 mg/g. The catalyst
was used to convert a mixture of 90 wt% methanol and 10 wt% toluene
(methanol:toluene molar ratic of 26:1) at various temperatures and pressures.
20 The total olefin selectivity under each condition at a methanol conversion
level of about 70% is shown in Figure 3. It will seen from Figure 3 that, with the
toluene cofeed, at all the temperatures tested the total olefin selectivity is
independent of pressure out to 15 psia then decreases with pressure outto 170
psia methanol partial pressure, with the decrease being less pronounced at
25  430°C than at 320°C.
Table 4 lists the selectivities to ethylene, propylene, C4+olefins at
increasing pressure and a constant temperaturs of 320°C. It will be seen that, at



11 Et hyl ene, propylene, C4+ and total olefin selectivities under
gach condition at a met hanol conversion | evel of about 70% are shown
in Table 2. woueziss1 TablpgrArsednssor
Pressure, psia 15 13 90

Tenperature, [err]C 430 430 ZSM 5
d/r2 1900 . 1900 MeOH Conver si on
70 7fhis tow temperature even wilfthé Bes¥ndedor thdiofbdhe cleed, the ethylene

Et hyl ene o .4 Pr opyl ne
25 and propylene selectivity deqrease rapidly with increasing pressure. 46

6 G her HC s 27 83

Total ol efins 73 17 The

results shown in Table 2 are as expectedEP—?—ﬁose skilled in the art,

nanel y that

ai sing pressure using a ZSM5 catalyst with convent i onal

diffusivity 10 dramatf IS ETECTgVT T Whpgrout

i mprovi ng ethyl ene sel % ¥|’a C —FIoUEER 2 [P g% ©t in)fagye
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shows the unexpected 1 Co \"Er‘su)ﬂ' efn aﬂ eTHviTRY 70 eSSt

curves are a strong fymretron Z StA-S5—drf usr tet aL 4361 et fiC.

15 Exanpl e 3 (Conpanratissi=aic S Phos C rch—kaptt H cteayf, and
450:1 Si 2/ Al 2C3 ZSM E.tmsfféctl Y.t of HC 2qTTd [Sprgy_dfTedto-eke a
fluid- bed catal yst. -ﬂl‘pli-;o ﬂhg.i ySt—was-catTre 6 1T aFr o 513)[ er1] C
The finished catal yst gﬁ%;ﬁ;@—zre—m—@rzewr&— = LT yhuq hor us.
This catal yst was the ' oo Ty TTgoaf tgr 20
which treatnent it had T3] GleARe of—about—t—=Jdr lsauci O ggar & 0.5,
and a n- hexane sofptromof—3t—mygryg—Thecatatyst—was—used—to—convert
nmet hanol at 480[err]C

Example §
The catalyst from example 1 was used to convert methanol at 430°C and

10

Example &
Phosphoric aeid, kaolin clay, and 450:1 SiO2/A1203 ZSM-5 were slurried
in water and spray dried to make a fluid- bed catalyst. The catalyst was calcined

15

90 psia methanol partial pressure. The results are given in Table 5.

in air at 510°C. The finished catalyst contained 40 wt % ZSM-5 and 4.5 wt %

phosphorus. This catalyst was then steamed at 1050°C (1920°F) for 0.75 h, after
which treatment it had an alpha of about 1, a diffusion parameter of 0.5, and a n-

hexane sorption of 31 mg/g. This catalyst was used to convert methanot! at
430°C and 90 psia. The hydrocarbon product selectivities are reported in Table

20 S



ahd 15 psia and at 330[err]C and 15 psia. Ethylene, propylene, C4+ and

total .ol efin | ectivities under each condition at a nethanol
conversion | eveP ?ﬁabout 70% are shown in Table 3. 28CT/USt0R25901
12 Table 3 Pressure,
psi a 15 14 15
Tenperature, [err]C 330 480
ZSM5 d/r2 Ta 65 26
MeOH Conver si on 70
1 1 0, LiC.

ggl ectivity, wt%o e > nEt—h-;ﬁm” 3 s 5
21 pPyessure,psia . o ccilo o 90 80 80
57 Temperature,°C _~ . ,~[c 430 430 430 :
26 M-5 dir2 — Tot i nc26 0.5 0.5
74 eOH Conversion Thz a:tj in8pnle B s that 98ven wth
ZSM 5 catal ysts hapw | i qn-paranetelts ethyllene selectjlity
at | ow net hanol p v X icreases—natkedly ag the tenperpture
I's increased. |In clegt A6-60-e-Rg—o Whe ihve®ion it Ais hee
unexpect edl y found—E, m‘detg copbi-nati-on—of—towHiffukiod8 par38et er
ZSM 5, high tenperldE hyioluen 1 BEI) bod
selectivities to ef .Merfmn aRE—propyH-ene- mplo8 4

al chemicals 39 46 39

5 The examples of Table 5 are attractive targets for commercialization.

Example 6 produces ample petrochemicals at attraciive process conditions using
a selectivated ZSM-5 catalyst. Most of the other hydrocarbons produced are
conveniently converted to high octane gasoline. Example 5 produces more
gasoline and less chemicals, but uses a less expensive catalyst.

10
Example 7 (Comparative)

The catalyst of example 6 was used to convert methanol to hydrocarbons
at 480 °C and 15 psia. Light olefin selectivities at a methanol conversion level of
about 80% are shown in Table 6.

15

Example 8 (Comparative)
A commercially available ZSM-5 catalyst, containing 65 wt% ZSM-5, that
had been steamed at 790°C (1450°F) for 1 hour to an alpha of about 4, a
diffusion parameter of 1883, and a n-hexane sorption of 62 mg/g, was used to
20  convert methanol to hydrocarbons at 430 °C and 15 psia, Light olefin
selectivities at a methanol conversion level of about 80% are shown in Table 6.



Thi s Exanpl e enpl oyed a comercially avail able FCC additive catal yst

cont ai ni ng Afp d1ké2: AL203 nol ar ratio ZSM5 in a binder permswhkide wei ght
ratio 15 of 75:25 and contai ning about 3 wt% P. The catal yst had been
pre-steaned at 790[err] C (1450[err]F1g for 4 hours such that the

catal yst tested had an al pha of about 3, a diffusion paranmeter of 25,
and a n-hexane sorption of 25 ng/g. The catal yst was used to convert a
m xture of 90 wt % net hanol and 10 wt %t ol uene (et hanol : t ol uene nol ar
ratio of 26:1) at various tenperatures and pressures. 20 The tot al
olefin selectivity under each condiXatl@8at a net hanol conversion | evel
of about 70%is shown_in Figure 3. It will seen fromFigure 3 that, with

t he t ol uene cof g&ntample _al | the tenperdtures| test®d thel|total olefin
selectivity is i| iPekessenecipsit  of pregqsur@out o 135psia tfhen decreases
with pressure out to|¥émperature,pSi a net hanoiBOpart} al #8®ssurd, with the
decrease being | ess pgrzeapsigerd at 25 30[@6r] C t hamead 320[jerr] C

Table 4 lists the selfectivities to ethyl ene, propyl ene, CA4+gl efins at

i ncreasi ng pressure 4ilefin Sattigwted enfderature of 320[err|C| It will be

seen that, at Ethylene 7 4 13

this [ow tenperature [Prspylenet h the predencgtof tihe t @uene dof eed, the
et hyl ene and prq@akene selectivity degzeasel rapi48ly wi tlh i ncreasing
pressure. total 81 78Tabl e |4

Pressure, psia 5 90 170

Tenperature, g[err]C 320 320 320

ZSM5 dir2 ZRe results reported in Table 6 confinm that tR& products frord fhethanol

I\P/gtO-I Sg?g\éte :‘ \s/: ? 3 conyedsicn at m@ical methanol to oleﬁg conversion c%?;diﬁons are no7tcc)lramatically

different when catalysts of widely different d/r2 values are used. The results from
the Examples reported in Tables 2, 4 and 6 confirm that elevation of pressure

10 normally leads to dramatically reduced light olefin selectivity. The results of
example 1 reported in Table 1 are nove! and unexpected. Contrary to all prior
teaching, there is no loss in ethylene + propylene selectivity with increasing
pressure out to 120 psia, and the olefin ratio unexpectedly changes dramatically
to favor the desired ethylene product.



Et hyl ene . 23 4 4

Propyl ene - 16 7 3

C4+ Q'efins WO00121561 25 16 3 PCT/US00/25901

O:her HC s 36 67 90

Total olefins 64 45 txanpl e
5 The catal yst fromexanple 1 was used to

430[err] C and 10 90 psia nethanol partial pressure. Hmmm'"—"'m mgml ven
in Tabl e 5. cLAmgpl e 6 Phosphori ¢ aci*d, ¢kaol i*n el'ay, and
450: 1 Si 2/ Al 203 ZSM5 were slurried in water and spray dried to nake
a fluid- bed catalyst. The catalyst was calcined 15 in air at 510[err]C
The finished catal yst contained 40 wt % ZSM5 and 4.5 wt % phosphor us.

Thi s catal yst Waslt hei Nommomvemhﬁﬁiema\plcm(iimm[e}her]t@p pfagiuct0. 75 h, after
whi ch treatmenf it ha@oﬁamﬂg@‘%@ ol&ih@%e&z?cé’ss%%wﬁ?ﬂf%e%é%ﬁ%ngtO Convert

and a n- hexane sorptl his ca

net hanol at 3 430 @ ?Mﬁﬂ"@d’"ﬂﬁ?@' °ﬂ"(¥éem\§]6ﬂ'@b‘eﬁ"b%ﬁa‘ﬂﬁfdmﬁ"
selectivities are repebmpfisesd z&aHte Raviriy -ring lntersech channels and which has a

14 - l e
5 % Diffusion Pgrameter for2 2-g3p1§g-|§lapténe g?sé than 100 sec™ when rrpgo
90 9% measret) er ptemperature o 126°C and a 2,2-dimethylbutshé(pressure
332 0 75 of 60 torr (g @4),5&:9 /ctr')r%acting step being conducted ata tempera%lers‘e of

8 370 to 480°C, a methanol partial pressure of 30 to 150 psia.

1 2 The process of claim 1, wherein said Diffusion Parameter of said catalyst

2 is about 0.1-30 sec™1.

1 3 The process of claim 1, wherein said contacting étep is conducted ata

2 temperature of 400 to 450°C and a methanol partial pressure of 60 to 120

3 psia.

1 4, The process of claim 1, wherein said contacting step is conducted such

2 that the methanol conversion per pass is less than 95%.

8, The process of claim 1, wherein said methanol conversion per pass is 25-
2 90%.
1 6. The process of claim 1, wherein said catalyst contains an oxide of

2 phosphorus.

e

7. The process of claim 1, wherein said catalyst contains about 0.05 to about
20 wt% of an oxide of phosphorus on an elemental basis.

N

1 8. The process of claim 1, wherein said zeolite is ZSM-5 or ZSM-11.



MeCOH Conver si on 80 80 - . 99

Sel ectivity wenPpisét HC Et hyl ene PCT/US00/25901 17
20 17 Propyl ene 15

18 12 p- xyl ene + )o et hyl t ol uene 7 8
10 Q her 1/3 61 54

61 Total chem cal s 39 46

39 5 The exanpl es of Table 5 gpared§tractive targets for
commerci al i zati on. Exanpl e 6 pr odUTgs_'ﬁrpl e petrochem cal s at
attractive process conditions using a selectivated ZSM 5 .catal yst.
Most of the other hydr anﬁgns_px_aducgd_a;e cohvenhent|ly converted to
hi gh octane gasol i ne. Exafple 5 produces nore gasolji ne and | ess
chem cals, but uses a | es$ expensive catal yst. 10 Bxanple 7
(Conparati ve) 2 20 The caratysr gt mpre 6 wWas jused to convert

Light olefin
bdut 80% are shown in
omrercially
had been
bout 4, a
62 ny/ g, was used

met hanol to hydrocarﬁ)ns
selectivities at a gl han
Table 6. 15 Exa@pl €

avai | abl e ZSM 5 cat alyst,
steamed at 790C (145@ &Or
di ffusion paraneter § 18

aining 65 wt % ZSM 5, t hat

3, and a n-hexane sorption of

to 20 convert metha®ol _t¢ hydrocarbons at 430 [err]C arfjd 15 psia, Light
olefin sel ecti vt er"s at a nethanol conversion | evel} of about 80% are
shown in Table 6. 15
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'I:abl e 6 o Exampl e 7 8

[Preref]S c ps%m’zf%‘ 1z518o " ZSM 5 d/ r 2"‘”"?&*5?‘!’%{it e
0.5 1900 Oefin Selectivity, w%

Et hyl ene 7 2/3 4 Pr opyl ene

31 29 A+ 43

45 t ot al Fi Fm-e 2 81 78

The results reported in Table 6 confrrmthat the products from nethanol

conversi on at tygbdal nmet hanol to ol efin conversion conditions are not
| t

dramatically ifrerent when catal ysts of wdply different d/r2 val ues
are used. The re g)( S frbm t he Exanples repofted in Tables 2, 4 and 6
confirmthat ele ifon of essure 10 nornarly reads to dramatically
reduced |ight olgfi n sel gctw+y—The results of exanple 1 reported in
Table 1 are n@e | prior t eachi ng,

there is no | §8s i et hyl ene + 'opyl ene sel ectivity with increasing
pressur e out 5&) pste—and—the~gref+mrratto ¢~
dramatically @ tg favor the desihgd ethyl ene pfodycé— D/f2 = 26
16 CLAI @ 40
N —— D/r2 = 1900
g 30 N
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1 1. A process for converting nmethanol or dinethyl ether to a product 2

cont ai ni ng %611213(9 Clerr] olefins, the process conprisi ngﬁ,@ﬁwgﬁﬁn oh 4

contacting 3 a feed containing nmethanol or dineth
catal yst which 4 conpri ses a sol ite having 10-ring intersecting
channel s and which has a 5 usi on Paraneter for
2. 2-di met hyl but ane of |ess than 100 sec[err] when 6 neasured at a
tenperature of 120[err]C and a 2, 2-di net hyl but ane pressure 7 of 60

torr (8 kPa), the contacting step k6@ conducted at a tenperature of 8
370 to 480[err]C, a methanol partial pressure of 30 to 150 psia. 1 2.

The process of im1l, wherein said D ffusion Paraneter of said catalyst 2
is about 0.1-30 clerr]. 1 3. The process of cldim1l, wherein said
contacti ng stepg’r@ @owdycied at a 2 tenmperature of 400 to

450[ err] C and a™ret ~a

pressure of 60 to 120 3 psia. 1
2 contac g{step is conducted

is less than 95% 1

DNV eLYLOAS pass is

4, The proce 3
such 2 %L

5. The pr qge%e
25- 2 90% @ 6. saijd cat al'yst
contai ns an i hcegsmef 36020 1,
wherein sai d Batal y

3 ) . é&&%of an
oxi de of phosgh®is[on an el enent ag basis. 1§, he | phocd claim

1, wherein s%dsﬁaoiteis ZSM S _or M1 1, --320C
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