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PCT/ US99/ 07311 - PROCESS FOR PRODUCI NG LI GHT
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15 feedstocks can be substanttally more expensive than methane, making it desirable to

provide efficient means for converting methane to olefins.

Conversion of methane to methanol foliowed by conversion of methanoi to light
olefins is among the most economic routes to make light olefins from methane. In this
respect, it is known that methanol or methyl ether can be catalytically converted to oiefin-

20 containing hydrocarbon mixtures by contact under certain conditions with particular types of
crystalline zeolite materials. U.S. Patent Nos. 4,025,575 and 4,038,889, for example, both
disclose processes whereby methanol and/or methyl ether can be converted to an olefin-
containing product over a Constraint Index 1-12 zeolite catalyst, particularly ZSM-5.

ZSM-5, in fact, converts methanol and/or methyl ether to hydrocarbons containing a

25 relatively high concentration of light olefins with prolonged catalyst lifetime before catalyst
regeneration becomes necessary.

It has also been reported that other types of zeolite catalysts can be used to convert
methanol and/or methyl ether to olefin-containing hydrocarbons products containing even
higher proportions of light olefins than previously obtained with ZSM-5. For exampie, U.S.

30 Patent No. 4,079,095 discloses that zeolites of the erionite-offretite-chabazite type, and
especially ZSM-34, can usefully be employed to promote conversion of methanol and/or
methyl ether to products comprising a major amount of ethylene and propylene. However,
while erionite-offretite-chabazite type catalysts are highly selective to light olefins
production, such smaller pore zeolites tend to age rapidly in comparison to ZSM-5 when
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Dt casur o, 275 t o geppent 4988 394 BlseeRt Hah SUllfon of variof STBRBINS, ifciudng ¢
Pat ent No 4areg@tigdomphiunds,caeis as toluenehaccatihite theconfersian |06 mtl"plnohtot ers,
i ncl uding hydrocarbons over zeolites, such as ZSM-5, which have a pore size sufficient to permit
15 sorption and diffusion of the promoter. In particular, the '314 patent teaches that the
increased conversion resulting from the addition of the promoter allows the use of lower
severity conditions, particularly lower temperatures, which increase the yield of lower olefins
(column 4, lines 17-22). Thus, in Example 1 of the patent, the addition of toluene as a
promoter reduces the temperature required to achieve full methanol conversion from 295 to
20 288°C while increasing the ethylene yield from 11 to 18 wt.%. In the Examples of the '314
patent the methanol feedstock is diluted with water and nitrogen such that the methanol
partial pressure is less than 2 psia.
In spite of the existence of methanol conversion processes utilizing a variety of
zeolite catalysts and process conditions, there is a continuing need to develop new
25  procedures suitable to convert an organic charge comprising methanol and/or dimethyi
ether selectively to light olefin products and in particular ethylene. An object of the present
invention is therefore to address this need.
The present invention resides in a process for converting methano! and/or dimethyi
ether to a product containing C, - C, olefins which comprises the step of contacting a feed
30  which contains methanol and/or dimethyl ether with a catalyst comprising a porous
crystalline material, the contacting step being conducted in the presence of a co-fed
aromatic compound under conversion conditions including a temperature of 350 to 480°C
and a methanol partial pressure in excess of 10 psia (70 kPa), the porous crystaliine
material having a pore size greater than the critical diameter of the aromatic compound and
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Preferably, the porous crystalline material has a Diffusion Parameter of 0.2-5 sec't,

Preferably, the catalyst contains coke or an oxide modifier selected from oxides of
boron, magnesium, silicon and most preferably phosphorus.

20 Preferably, the catalyst contains 0.05 to 20 wt.%, and more preferably 1 to 10 wt.%,
of the coke or the oxide modifier on an elemental basis.

The present invention provides a process for selectively converting methanol and/or
dimethyl ether to C, - C, olefins, particularly ethylene, over a porous crystalline catalyst and
in the presence of a co-fed aromatic compound co-feed which has a critical diameter less

25 than the pore size of the catalyst and which is capable of alkylation by the methanol and/or
dimethyl ether under the conditions of the conversion. The process of the present
invention is distinguished from that of U.S. Patent No. 4,499,314 discussed above in that a
substantially water-free methano! feed is contacted with a zeoclite catalyst, such as ZSM-5,
in the presence of a reactive aromatic compound at a relatively high temperature of 350°C

30 to 480°C and a relatively high methanol partial pressure in excess of 10 psia (70 kPa). The
methanol can contain various amounts of water but, unlike other processes, steam co-feed
is not necessary and has no deleterious effect. In addition, the process conditions are
preferably controlled so that the methanol conversion is less than 90% and more preferably
less than 80%. In this way it is found that ethylene selectivities in excess of 30 wt.% can be
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excess of 3Jfteydurd(903ssid)cand >50% methanol conversion produces little or no olefins. In
contrast, the process of the invention unexpectedly maintains nearly constant ethylene
selectivity at 80% methanol conversion out to reactor pressures approaching 100 psia.
In addition the invention described here unexpectedly shows that co-feed aromatics
25 can be used as a novel control handle for ethylene yield. Increasing the amount of co-feed
aromatics from 0 to 5 wt.% increases the selectivity to ethylene at constant conditions and
conversion. Because only a small amount is required, using an aromatic co-feed as a
control handle is easily accomplished at low cost to the operator.
Any methanol feed comprising at least 60 wt.% of methanol may be used to provide
30 methanol for the use in this invention. Substantially pure methanol, such as industrial
grade anhydrous methanol, is eminently suitabte. Crude methanol, which usually contains
from 12 to 20 wt.% water, or even a more dilute solution, may also be used. However, the
presence of water as a diluent to reduce the methanol partia!l pressure is not required.
Trace amounts (< 1% by weight) of non-aromatic organic impurities, such as higher
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which have a critical diameter less than the pore size of the catalyst so as to be able to

15 easily diffuse into the catalyst pores, is suitable for use as the aromatic co-feed in the
process of the invention. These include, but are not limited to, benzene, toluene, xylenes,
Co* reformate streams, light reformates, full-range reformates or any distilled fraction
thereof, coker naphtha or any distilied fraction thereof, FCC naphtha or any distilled fraction
thereof, and coal derived aromatics. Part of the required aromatic compound can also be

20 produced in-situ by aromatization of the methanol feed. The presence of impurities, such
as nitrogen and sulfur compounds, dienes and styrenes, in the aromatic component can be
tolerated with little impact when fluid or moving bed embodiments of the invention are
employed.

In a preferred embodiment, toluene comprises some or all of the aromatic portion of

25 the feedstock.

The molar ratio of methano! and/or dimethyl ether to aromatic compound will
normally be greater than 5:1, since higher concentrations of aromatic compound lead to
excessive coking, increased volumes of separation and recycie traffic and minimal gains in
total chemical selectivities. Moreover the molar ratio of methanol and/or dimethyl ether to

30 aromatic compound is nomally maintained below 300:1, since lower concentrations of
aromatic compound lead to little or no noticeable improvement in the ethylene selectivity of
the process. However, the amount of aromatic compound required deceases as the
pressure increases so that at high pressure it may be possible to achieve a significant
improvement in ethylene selectivity with molar ratios of methanol and/or dimethyi ether to
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Zeolite ZSM-5 and the conventional preparation thereof are described in U.S.

Patent No. 3,702,886. Zeolite ZSM-11 and the conventional preparation thereof are
described in U.S. Patent No. 3,709,979. Zeolite ZSM-12 and the conventional preparation
thereof are described in U.S. Patent No. 3,832,449, Zeolite ZSM-23 and the conventional

20 preparation thereof are described in U.S. Patent No. 4,076,842, Zeolite ZSM-35 and the
conventional preparation thereof are described in U.S. Patent No. 4,016,245. ZSM-48 and
the conventional preparation thereof is taught by U.S. Patent No. 4,375,573. MCM-22 is
disclosed in U.S. Patent Nos. 5,304,698; 5,250,277; 5,095,167; and 5,043,503.

In order to increase the concentration of aromatics in the catalyst pores without

25 increasing the aromatic to methanol molar ratio, it may be desirable to use a catalyst having
increased diffusional barriers. In particular, it may be desirable to employ a catalyst which
comprises a porous crystalline material having a Diffusion Parameter for 2,2-
dimethylbutane of 0.1-20 sec™, preferably 0.1-15 sec™ and most preferably 0.2-5 sec™ when
measured at a temperature of 120°C and a 2,2-dimethylbutane pressure of 60 torr (8 kPa).

30 As used herein, the Diffusion Parameter of a particular porous crystalline material is
defined as D/r2x106, wherein D is the diffusion coefficient (cmzlsec) and ris 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, the value Q/Q.,, where Q. is the equilibrium
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steaming the catalyst so as to effect a controlled reduction in the micropore volume of the
catalyst to not less than 50%, and preferably to 50 to 90%, of that of the unsteamed
catalyst. Reduction in micropore volume is derived by measuring the n-hexane adsorption
capacity of the catalyst, before and after steaming, at 90°C and 75 torr n-hexane pressure.
20 Steaming of the porous crystalline material is effected at a temperature of at least 850°C,
preferably 950 to 1075°C, and most preferably 1000 to 1050°C for 10 minutes to 10 hours,
preferably from 30 minutes to 5 hours. To effect the desired controlled reduction in
diffusivity and micropore volume, it may be desirable to combine the porous crystalline
material, prior to steaming, with a phosphorus modifier. The total amount of phosphorus
25 modifier, which will normally be present in the catalyst in oxide form, as measured on an
elemental basis, may be between 0.05 and 20 wt.%, and preferably is between 1 and 10
wt.%, based on the weight of the final catalyst.
Where the modifier is phosphorus, incorporation of modifier in the catalyst of the
invention is conveniently achieved by the methods described in U.S. Patent Nos.
30 4,356,338; 5,110,776; and 5,231,064. Similar techniques known in the art can be used to
incorporate other modifying oxides into the catalyst of the invention.
The porous crystalline material employed in the process of the invention may be
combined with a variety of binder or matrix materials resistant to the temperatures and
other conditions employed in the process. Such materials include active and inactive
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Zirconia, silica-thoria, silica-beryllia, silica-titania as well as temary compositions such as
silica-alumina-thoria, silica-alumina-zirconia silica-alumina-magnesia and silica-magnesia-
zirconia.
25 The relative proportions of porous crystalline material and inorganic oxide matrix
vary widely, with the content of the former ranging from 1 to 90% by weight and more
usually, particularly when the composite is prepared in the form of beads, in the range of 2
to 80 wt.% of the composite.
Preferably, the binder material comprises silica or a kaolin clay.
30 Procedures for preparing silica-bound zeolites, such as ZSM-5, are described in
U.S. Patent Nos. 4,582,815; 5,053,374; and 5,182,242. A particular procedure for binding
ZSM-5 with a silica binder involves an extrusion prdcess.
The porous crystaliine material may be combined with a binder in the form of a
fluidized bed catalyst. This fluidized bed catalyst may comprise clay in the binder thereof,
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n- hexane pressure.
15 high temperature is essential to the skeletal isomerization and cracking of the

polymethylbenzene intermediates produced, whereas higher temperatures iead to
excessive coking.

The process of the invention is advantageous in that it is found that the lower olefin
selectivity of the product is generally independent of methanol partial pressure so that the

20 necessity in prior art processes to reduce the methanol pressure by the addition of diluents
or by operation at reduced pressure can be avoided. The ability to operate at higher
methanol partial pressures aiso aliows the absolute yield per pass of olefin product to be
increased. A suitable methanol partial pressure for use in the process of the invention is in
excess of 10 psia (70 kPa), preferably 15 to 150 psia.

25 In addition, it is desirable that the conversion conditions are controlled so that the
methanol conversion level is less than 90% and preferably less than 80% since, at higher
conversion levels, competing reactions to aromatics methylation, such as olefin alkylation
and/or oligomerization to produce Cs+ isoolefins and/or olefin conversion to aromatics and
paraffins, lower the selectivity to ethylene and propylene. Suitable contro! of the methanol

30 conversion can, of course, be achieved by variation of the weight hourly space velocity,
which typically can vary between 0.1 and 100, preferably between 0.1 and 10.

The process of the invention converts methanoi and/or dimethyl ether to a light
olefin stream in which ethylene comprises over 40 wt.%, and typically over 50 wt.%, of the
C, - C4 olefins and in which ethylene comprises more than S0 wt.%, preferably more than
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controlling the rate of reactign. These materials may be incorporated into
natural |y methanol to toluene molar ratios; and
15 Figure 5 is a graph comparing ethylene selectivity with methanol conversion for the
catalyst of Example 1 at a methanol to toluene molar ratio of 55:1 with that for the catalyst
of Example 4 at a methanol to toluene molar ratio of 26:1.

Figure 6 is a graph comparing olefin selectivity with temperature at methanol partial
pressures of 15 and 90 psia for the catalyst of Example 5.

20 Figure 7 is a graph comparing the effects of methanol partial pressure on olefin
selectivity.at different temperatures using the catalyst of Example 5.

In the Examples, micropore volume (n-hexane) measurements were made on a
computer controlled (Vista/Fortran) duPont 951 Thermalgravimetric analyzer. Isotherms-
were measured at 90°C and adsorption values taken at 75 torr n-hexane. The diffusion

25 measurements were made on a TA Instruments 2950 Thermalgravimetric Analyzer
equipped with a Thermal Analysis 2000 controller, a gas switching accessory and an
automatic sample changer. Diffusion measurements were made at 120°C and 60 torr 2,2-
dimethylbutane, Data were plotted as uptake versus square root of time. Fixed bed
catalytic testing was conducted using a 3/8" (1 cm) outside diameter, down-flow reactor

30 using equipped with a thermocoupie. Methanol, water, and aromatics were all pumped to
the reactor by way of a vaporizer equipped with a static mixer to thoroughly gassify and mix
the feedstocks upstream of the reactor. The reactor was equipped with a backpressure
regulator to enable examination of the products at a wide variety of temperature, pressures

and WHSV's. The total reactor effluent was analyzed, on line, by gas chromatography.
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a 3:1 molar methano!l: water feedstock at 0.5 to 10 WHSV, 430°C, and 1 atm pressure. A
wide range of methanol conversions was obtained. The hydrocarbon product ethylene
selectivity is plotted against methanol conversion in Figure 1.

20 A third 0.5 gm sample of the steamed catalyst of Example 1 was used to convert a
26:1 molar methanol: toluene feedstock at 0.5 to 5 WHSV, 430°C, and 1 atm pressure. A
wide range of methanol conversions was obtained. The hydrocarbon product ethylene
selectivity is plotted against methanol conversion in Figure 1.

A fourth 0.5 gm sample of the steamed catalyst of Example 1 was used to convert a

25 3:1 molar methanol: toluene feedstock at 0.5 to 5 WHSV, 430°C, and 1 atm pressure. A
wide range of methanol conversions was cbtained. The hydrocarbon product ethylene
selectivity is plotted against methanol conversion in Figure 1.

Figure 1 clearly demonstrates that addition of one mole of steam for each 3 moles
of methanol to the feedstock leads to a negfigible change in ethylene selectivity. In

30 contrast, the addition of toluene in amount as littie as 1 mole of toluene for 26 moles of
methanol! leads to a large improvement in ethylene selectivity, particularly if the methanol
conversion is maintained below 90%.
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produce Cs+ isoolefins and/or olefin conversion to aromatics

paraffins, |ower Afampleoftha Rhospharys-tieated, dpsteamad caialyst mExgﬁPlPe?B’!’?
control of t §8arfiBd BEEYICC for 6 hours in 1 atmosphere steam to produce a catalyst having a

20 Diffusion Parameter of 31 sec’’ and an n-hexane sorption of 34.9 mg/g. 0.5 gm of this
catalyst was used to convert a 26:1 molar methanol:toluene feedstock at 0.5 to 10 WHSV,
430°C, and 1 atm pressure. A wide range of methanol conversions was obtained and
ethylene selectivity of the hydrocarbon product is plotted vs. methano! conversion in Fig. 5.

By way of comparison, a further sample of the steamed catalyst of Example 1 was

25  used to convert a 55:1 molar methanol; toluene feedstock under the same conditions and
again ethylene selectivity is plotted vs. methanol conversion is plotted in Figure 5.

Figure 5 demonstrates the relationship between the amount of aromatic co-feed and
the diffusivity of the catalyst. The 55:1 feed data with the diffusion restricted catalyst of
Example 1 is essentially the same as the 26:1 molar feed data with the less diffusion

30 restricted catalyst of Example 4. This shows that less aromatic co-feed is required to
achieve a given product distribution with a more diffusion restricted catalyst than is required
with a less diffusion restricted catalyst.
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now be nore particul a escr |

i nvention w in the | ow ng Exanpl e

and 5 t hecatalysbhacbgempredsteameddpt 1450 QQ?C) for 4 hours and hadﬁ'tﬁl?'&a vialyesof3,

h plaqtt
Cat ol yot Sor EAHPL PRRTAS 25 gl ok WAL LoRor GHAS mafy T Eutdtis usplo
varyi ng anouwoeheert a mixturefof @ame.% methanclland19;wt.% toluene (methanpl.iglueae mojas ratio

oy oo or e BEm Y ARl R a4 e o REBFAR 4 fd Rociely s e

t ol uene at memanmwn level tob BOSS Narivuls dsmpertiuces hftwddh 210zamnt 4906C Were
Figures 3 and 4 are gra t ol uene

but
conversi on used and thergsu t%aé? R@#@&@/%gwﬁﬁe?&m}&%%‘éﬁ%%? r}??m?rrper ature
usi ng ”1% Sadaavé‘fa:bﬁbv%tr@ﬁdl in the prese?kbaﬂfuuehe id mbmyseseaweao olefihs ats; and 15
Figure 5is a ra npari n ylene sel ecti qutr}/ anol conver si on
for the temealia f%?‘“ﬂﬁeﬁg‘hﬂ‘b §0°Gangd that theeleh ?%e’{t'?ﬁ%'éﬁé Mr ratio of
55:1 with t hﬁ?eﬁ%@&%ﬂtr&?nﬁﬁaﬂbb’ﬁéﬂlai pressur8espedidlly o€ tefnpiratared=i00 aR@ 1450, t ol uene

molar ratio o
Example 6 (Comparative)

An alumina-bound ZSM-5 catalyst, containing 65 wt.% ZSM-5 with a silica to

15 alumina molar ratio of 26:1, which had been steamed at 515°C for 1 hour was used in this
Example. The catalyst had an alpha value of 100, a Diffusion Parameter of 1000 and an n-
hexane sorption of 77 mg/g. The catalyst was used convert (a) a mixture of 90 wt.%
methanol and 10 wt.% toluene (methanol:toluene molar ratio of 26:1) and (b) pure
methanol at a temperature of 270°C and a methanol conversion level of 50% and the

20 results are listed in Table 1. From Table 1 it will be seen that at this low temperature the
light olefin yield is marginally less with the toluene co-feed than with the pure methanol
feed.



Fi‘gur"e 6 is a graph conparing olefin selectivity with tenperature at

nmet hanol pagti al
Exanpl e 5. W8 99/51548
met hanol partial pressure on

olefin

tenperatures using the catal yst of Exanple 5.

m cropore vol une (n-hexane) neasurenents
controlled (Vistal/ Fortran) duPont 951 The

| sot her s

re made on a
al gravinetric anal yzer.

pressures of 15 and 90 psia for the catal yst of
Figure 7 is a graph conparing the ePEBESY/EHI
selectivity at different

In the Exanpl es,
conput er

wer e neasured at 900C and adsorption val ues taken at 75

torr n-hexane. The diffusion 25 measuf: dts were made on a TA
| nstrunent g ' (') Run (0) PPed with a Ther mal
Anal ysis 2 ; ' ﬁgm-y-a-n-d—a"l automati c
sanpl e cha FusToTTEaggg eent S weregmce—at—1+26—€¢ and 60 torr 2, 2-
di met hyl but thu-s—s-eru-a-re root of tine.
Fi xed bed ToS S \,Gndng“‘:d #s+Ag—ea—3{ 8" (1 cm outside
di anet er, - HSHRrg—egui-Hped—wi--h—a—thEr nocoupl e.
Met hanol , T d—ar-ofat+els—wer-e—a-—purRped—toe +he reactor by way
of a vapori ~G-ftih —-h—ia 5* pr-e—Rer—-o—thereughidH gassify and m x
the feedst ke P a6 t-er—the ui pped with a
backpressur guene egtH-at-ar ek hable—exani) products at a
wi de vari etp—ot—i-enperat-tH-e; Bqﬂv,urns 1080 s s frhe total reactor
ef fl uent — Ao, Ea.t_gg.ua.p.h.y..__
11 m v L_based on-hydrocarbon formation
only. Sele e898 oo t o \12-': ocarhbon pr 48330 were calbul ated on a
Twater fre Qs Exanpdfe | 4170 _phosphor| ¢ acid, kaolin
clay, and 45%@e g Qorr /A [P o] 70 H0888 e slurredlin water 5  and
spray dri edPlRY®I e o tyni cal1VOP9) 4 hed cat 4483 The cathlyst was cal ci ned
in air at |Propane 1.362 1.730

[Methanol/DME 43,438 42.644

Butenes 1.211 1.473

Butanes 1.388 1,956

ICs —~ Cg nonA 4.014 5.503

[isopentane 1.504 2.309

|Benzene 10.000 0.000

|Heptane }0.000 0.000

Toluene 4.538 0.108

EB 0.023 10.029

{M+p-xylene 2.141 1.220

{o-xylene 1.823 0.159

|p-ethyitoluene 0.313 10.334

1,2,4 TMB 2.543 1.362

Ciot 3.951 1.748

Water 26.300 32.369

100.000 100.000

Methanol Conversion 1.7 574

[Methanol to :

|Ethylene 14.2% 15.5%

[Propylene 8.7% 8.3%

[Butenes 5.4% 5.5%

ICs—Co nonA 24.8% 28.1%

ICy - C4 Paraffins 14.0% 15.2%

|Feedstock 10.9% 0.0%

New rings 21.9% 25.4%

Total olefins 28.4% 30.3%




510[érr]C. The finished catal yst contained 40 wt.% ZSM5 and 4.5 wt. %

phosphor us. L mat eri al has an n-hexane sorption of 5. a
di f fusion pvgirl;ta}?r,é%sé‘? of 27, and an al pha of 7. The cat 5& 9948431 hen

steanmed at 1050[err]C for 0.75 hours in 1 atnosphere steamto produce

a final catalyst having a D ffusion Paranmeter of 0.46 sec[err] and an

n- hexane sorption of 30.6 10 ng/ g. Exanple 2 A first
0.5 gm sanpl e of the steaned catal yst of‘E§aane | .was used to convert a
pure net hanol feedstock at 0.5 to 10 WHSV, 430[err]C, and | atmpressure. A

wi de range %}(am o7 el hanol conversions was.obtai ned. The hydrocarbon
product ethy ame selectivity is 15 plotted vs. nethanol conversion in
Figure 1. The catalyst of Example®. asuseddopbrevetia mibvteires ofca0neicle adthanct and f

Ex | | t t 3: th | : f eedst ock
P50 130 W HbeRe fBPRRStolyene marafio BEeS ) ATSRASATempdiBl b5 4 0°1 0°
me]t ha?pl 5 ;:opyassm]es.?fh%\&mal o_lﬂﬁaiselect:v;?bﬂ?éneimcm@m qbamit:b_lhanoetdhlmleés(f)m level
sel ectl Vvl (0] e a | NS no conver si | | re .
Athird 0.5obE0% 20 NoWSN Figure T.o T folire clsthe shonss st aliowe EmpetatyEs dhe
Sl g 8\[/er t | ?; effect lo?: ﬁu;eksuira loanotaméfﬁrwe'cﬁwigl Heeo® ¢ eé ﬁﬁﬁ&émkorﬁ]pr&lctimt@dﬁ VHSV,
err . . I ess e. . wdae. r e o1, . ano onvyer sl ons
nool oht b e Aadgonai ThBis B2l renmehasize tutt 1 BLASI Selctivilys Baong KOG off o ¢ e

agai nst net kegmpdrata@iver sion in Figure 1. A fourth 0.5 gm
sanpl e of the steamed catal yst of Exanple 1 was used to convert a 25 3:1
nol ar net hanol : tol uene feedstock at 0.5 to 5 WHSV, 430[err]C, and | atm
pressure. A wi de range of nmethanol conversions was obtai ned. The
hydr ocar bon product ethyl ene selectivity is plotted agai nst net hanol
conversion in Figure 1. Figure 1 clearly denonstrates that
addition of one nole of steamfor each 3 noles of nethanol to the
feedstock | eads to a negligible change in ethylene selectivity. In 3 0
contrast, the addition of toluene in anmount as little as 1 nole of tol uene
for 26 nol es of met hanol |eads to a |large inprovenent in ethylene
selectivity, particularly if the nethanol conversion is maintained
bel ow 90%



12 Exanpl e 3 A further 0.5 gmsanple of the steaned
cat al yst of@gﬂgﬁl 1 was used to convert a 12:1 nol ar nét hanol :
tol uene fee S8 1 atmopressure, 0.5 to 5 WHSV and var i REI/US99/07311
t enper at ures between 380 and 4800C. A w de range of nethanol conversions
was 5 obtained. Fromthis data the ethylene selectivity, toluene
~conversion, and w. % et hyl ene/ p- xyigne at 70% nmet hanol conversion
were extracted at each tenperature-and the’results are - ‘plotted in
Figures 2 to 4. The test was then repeated with a feedstock having a 155:1
met hanol : t SkfME: ol ar ratio and again the data is plotted in Figures 2 to
4, Figures 2 to 4 denonstrate that the 155:1 nethanol:tol uene
f eedst ock does not 10 have enough aromatic co-feed at any tenperature to
produce as nuch €&k hyl érgoeass for-cenverting methanel spi/or dmethdethezios protuct

Mo , he.. Y i . td i . .
decr eases r SAAEEPFEHang wbich Bmplists b Bep BF Cofcai'd thbd picn cgnipips, .,
show t hats f onethanol and/nedic@thyl etbertwithcd catalysteompfisiagia pomiis etyistaliiea enaterial, the

lectivity j W t but h ti f
L T e
t enpe (r]I at ur eicoilﬁehrsioifbu?dimﬁridﬂdir@fa tefipatatre dof 85010, 4@ ahé awamét ol partiginabl es
a roaucer 0O Choose rom W de ran 0 r Ct, .
P e e R abdse B 15358 g pg), e porous cAtiing matadal Arvive.a pprecsize

phosphor us- tgrégtéeiflan thesdrigearardmetdrat \hatardmaie donipobh@ add WSaromatic coripdap@d at
870[err] for hours i re steamto produce a catalyst having a

6 n 1 at nosphe \
20  Di f¥0usitsinasapabieof alkyationbydhe methapalandir dimethyl sther yodesithe eonyersinp, o
my/ 9. 0.5 graophitddy. s catal yst was used to convert a 26:1 nolar
met hanol : t ol uene feedstock at 0.5 to 10 WHSV, 4300C, and 1 atm
pressure. A wide range of nethanol conversions was obtai ned and
ethyl ene sel ectivity fhe pR2ely 6oy atbrdh B hiblat fuiB oPinbfidnyiSanbe LR
conversion in Fig. 5. y Way Of conparison, a further sanple
of the stearfpréiaammalic compeundipgreater thap 52band lesethan@00dnvert a 55:1 nol ar
nmet hanol,« tol uene feedstock under the sane conditions and again
ethylené selectivity is plotted vs. nethanol conversion is plotted in
Fi gure 5. 3. Theprpsess o diimdvitarein 8w moler ratid af methahol@nidér disethyl he
amount of ar&@ﬁéﬁroﬁ%ﬁégﬁq?@%‘aisfmmS-ﬁﬁﬁsfwf“Si vity of the catalyst. The

h e diffusion restri

55:1 feed data w ricted catal yst of

4, The process of claim 1 wherein the aromatic compound is selected from the
20 group consisting of benzene, toluene, xylenes, Cg+ reformate streams, light reformates,
full-range reformates or any distilled fraction thereof, coker naphtha or any distilled fraction
thereof, FCC naphtha or any distilled fraction thereof, and coal derived aromatics.

5. The process of claim 1 wherein the conversion conditions include a
25 temperature of 400 to 480°C,

6. The process of claim 1 wherein the conversion conditions are such that the
methanol conversion rate is less than 80%.

30 7. The process of claim 1 wherein the porous crystalline materiat has a pore
size between 5 and 7 Angstrom.

8. The process of claim 1 wherein the porous crystalline material is ZSM-5.

ML



Exanple 1.is essentially the same as the 26:1 nolar feed data with the |ess
di ffusion 3wo9s1648t ri cted catal yst of Exanple 4. This showsdmhdaisohBsp

aromatic co-feed is required to achi eve a given product distribution
with a nore diffusion restricted catalyst than is required with a

| ess diffusion restricted catal yst.

13 Exanpl e 5 A commerclal ly available FCC additive
catal yst, containing 25 w.% ZSM5 with a ' silica to alum na nol ar

ratio of 26:1 an@, 3 WrhépRitesobrdaim, 100@&&?1%%1% drbug EryStalinémBterial e
catal yst had _been pre-steaned at 1450[err]E (790C) jfor 4 hours and had an

al pha val ue Qjfiusion Paramgtanfori2,2-digiethy of 0. b‘f2°2§?°é when measuseddasor pti on
of 25 nyg/g. o lmd f 90 wt. %
ot oo onddBeratirdl t?oug%gd( Zaldnfethyioutane REWEHS ofsdolf @kPaR’ 90 W, 1)
at net hanol partial pressures of 15 psia (103 kPa) and 90 psia (620 kPa)
and at a han | eVdrein r

bet ween 210 and 48000%\/%?%%%&&%@% argﬂtt?l%&r{ge’ %{?'{ag%gr eﬁhg{%ﬁ‘%eﬁtﬁ |gure
6. FromFigure 6, it will be seen that the 10 conversion of nethanol in
the presence of toluene is highly selective to olefins at

t enper at ures between 350 and 480C and that the olefin selectivity is
generalily i ndependent of methanol partial pressure especially at
tenperatures 400 and 450[err] C. Exanpl e 6 (Conparative)

An al um na-bound ZSM 5 catal yst, containing 65 w.% ZSM5 with a silica to
15 alum na nmolar ratio of 26:1, which had been steamed at 51 5@ for 1
hour was used in this Exanpl e. The catal yst had an al pha val ue of
100, a iffusion Paranmeter of 1000 and an n- hexane sorption of 77
ng/ g. The catal yst was used convert (a) a mxture of 90 w. % met hanol
and 10 wt. % tol uene (nethanol:toluene nolar ratio of 26:1) and (b) pure
nmet hanol at a tenperature of 2700C and a met hanol conversion | evel of 50%
and the

AR



20 résults are listed in Table 1. FromTable 1 it will be seen that at

this lowte

erature the
the tol uene W33 t han with the pure nethanol

f eed. PCT/US99/67311

14. Tabl e |

Run (a) Run (b) Bed Tenp, [err]C 263

Furnace T 260 265 WHSV

0.3 . .0.7 TCS, nin 1/4. 120

Feed Conp., w.% Met hanol / DVE 90. 000 100. 000
Tol uene 10. 000 0. 000 _

100. 000 100. 000 Product Conp., w. % Met hane

0. 275 0. 330 Ethyl ene 3. 167 F{QZ ]
4.170 Et hane 0. 081 0. 058 Propyl efie
1.929 40 —2- 1. 362

1.730

Ethylene Selectivity
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light olefin yield is marginally-less with

282
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Mgt hanol UDVE 43. 438 42. 644 Butenes
1.211 WO 99/51548 1.473 Butanes 1.388
1.986 Cs - C nonA 4.014 5.503 | s&pantany31
1.504 2.309 Senzene 0. 000
0. 000 Hept ane 0. 000 0. 000 Tol uene
4.538 0. 106 EB 2/4 _ 0. 023
0. 029 Mtpxyl ene : 2.141 : ~,1. 220 o-xyl ene
1.823 0..159 p-ethyl tol uene 0. 313
0.334 1,2,4 TMB 2.543 1.382 G 3.951
1.748 Water 26. 300 32. 369
100. 000 100. 000 Met hanol Conver si on 51.7 ng j
57.4 Met hanol to: Ethylene 14. 2% ‘&)
Pr opyl ene 8. 7% 9. 3% But enes
5. 4% 8859t cferri—tfert—ronA 24804
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15 Exanpl e 7

convert a mﬁéure of 90 w.

The catal yst of Exanple 5 was used to
% net hanol and 10 wt % t ol uene

"( et hanol : el ar ratio of 26: 1) at various tenperaturBCI/HSa0Z1E
pressures. The total olefin selectivity under each condition at a nethanol
conversion |evel of 80% are shown in Figure 7. The figure clearly shows
that at | ower tenperatures the ef fect ,of pressure on total olefin

sel ectivity becones nore and nore pronodntéd. Addi tionally, these
results reenphasize. that total olefin selectivity is a strong function of
t enper at ur e. 16
CLAI V5. . A process for converting nethanol and/or

~di methyl ether to a product containing CJerr] olefins

the step of contacting a feed which contains

nef‘ﬁr i ses

5 nmet hanol and/

ether with a catalyst conpr|5|ng a porous crystalllne naterlal

contacting step [Tg-Tomductet—Tm—the—presence—~of—a—co—fed—aronatrc
conmpound under conversion.conditions including a tenperature of 350
to 480[err] C and a |net hanol rtial
3
5 ® 261 551
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preessture in excess of 10 psia (70 kPa), the porous crystalline materi al

havi ng a po(rﬁ gsrglg greater than the critical dianeter of the aromatic
compound and' & B mati ¢ conpound 10  bei ng capabl e of al RAAYFSM7Y the
met hanol and/or dinethyl ether under the conversion condi tions.

2. The process of claim1 wherein the molar ratio of methanol and/or

di net hyl ether to aromatic conpoug s greater than 5:1 and | ess than
300:1..-15 - _ 3. The -proces //ﬁ'cla|n1l wherein the nolar ratio-
of net hanol and/or di nethyl ether to aromatic conmpound is fromb5:1 to
250: 1. 4. The process of claim1 wherein the aromatic
conpound is selected fromthe 20 group consisting of benzene, tol uene,

xyl enes, C, + reformate streans, |ight refornates, full -range
reformates or any distilled fraction thereof, coker naphtha or any
distilled fraction t hereof, FCC naphtha or any distilled fraction

t hereof, and coal derived aronatlcs The process of
claim1 wherein the conver5|on condi tion a 25 t enperature of 400
to 480[err]C. . The ngzgg? claim1 wherein the
conversion conditions are such t hat the nethanol conversion rate is

| ess than 90% 30 7. The process of claim 1 wherein the porous
crystalline material has a pore -si ze between 5 and 7 Angstrom

By g, e Process of clal gyl e PRk BR At O SeldbisByer 1l i
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177 ° . 9. , The process of claim1 wherein thebporous ‘.ﬁa’ff\:u Izg;"x%
ial h Inff USI P ter for 2 2-di methyl butane of QM3 e -
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