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SELECTIVE DEHYDRATION OF ALCOHOLS TO DIALKYLETHERS
ANDINTEGRATED ALCOHOL-TO-GASOLINE PROCESSES

FIELD OF THE IMVENTION

6801} This disclosure relates to the sclective dehydration of slcohols to dialkyl
cthers, as well as integrated processes for alcohol-to-gasoline formation including such

sclective dehydration as a first step.

BACKGROUND OF THE INVENTION

[6002] The selective dehydration of methanol to produce dimethyl ctheris a
commercially important reaction as the first step in the conversion of methanol to gasoline
and diesel boiling range hydrocarbons. Similarly, the selective dehydration of higher
alcohols, such as ethanol, is important in the synthesis of a number of commercially
significant dialkyl ethers, such as dicthyl ether.

[3603] As discussed in, for example, U.S. Patent No. 4,536,485, current processes for
the selective dehydration of alcohols employ a solid acid catalyst, such as alumina, silica,
alumina-silica mixtures and crystaliine aluminosilicates, e.g., zeolites. However, these
solid acid catalysts frequently produce undesirable by-products, such as coke, methane,
carbon dioxide, and hydrogen, in addition to the desired ether product. By-product
formation typically reduces selectivity and can trigger potentially dangerous temperature
excursions within an adiabatic reactor. Therefore, by-product formation can be kept low
by adjusting the water concentration of the alcohol feed to control reactor outlet
temperature. However, increasing the water concentration of the alcohol feed can reduce
the equilibrium conversion of the alcohol per reactor pass and can lower overall selective
dehydration process efficiency.

[6004] According to the present invention, it has now been found that C;-Cy alcohols,
such as methanol, can be selectively dehydrated to dialkylethers without significant
byproduct formation or reactor temperature excursions even at relatively low water
concentrations in the alcohol feed by selecting as the selective dehydration catalyst a form
of y-alumina that is substantially free of terminal hydroxyl groups on tetrahedrally
coordinated aluminum sites, as determined by the substantial absence of an absorbance

band at ~3770 e’ in the IR spectrum of the catalyst.
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SUMMARY OF THE INVENTION

[B065] In one aspect, the invention resides in an integrated process for converting a
C;-C4 alcohol to gasoline and/or diesel boiling range product, said process comprising:
contacting a -4 alcohol feed under selectively dehydrating conditions with a catalyst
comprising y-alumina which is substantially free of terminal hydroxyl groups on
tetrahedrally coordinated aluminum sites of the catalyst to form a dialkylether dehydration
product; and contacting the dialkylether dehydration product with a zeolite conversion
catalyst under conversion conditions to form the gasoline and/or diesel botling range
hydrocarbon product.

[6006] Conveniently, the y-alamina of the selective dehydration catalyst can exhibit
an IR spectrum having a normalized absorbance at ~3770 cm™ of less than 0.010 cn/mg.
{3807} Additionally or altemnately, the selective dehydration catalyst can have an
alpha value of less than 1.

[GO08] Additionally or alternately, the selective dehydration catalyst, when used to
isomerize 2-methyl-Z-pentene at ~350°C, approximately atmospheric pressure, and a
weight hourly space velocity of ~2.4 hr'!, can produce an isomerized product in which the
weight ratio of 2,3 dimethyl-2 butene to 4-methyl-2-pentene 1s less than 8.2,

13609) Additionally or alternately, the dehydration conditions can include a
temperature frovo about 250°C to about 500°C and a pressure from about 100 kPa to about
7000 kPa.

G016} Additionally or alternately, the C,-Cy alcohol feed can comprise less than 15
wi% water.

{HIIRY In a particular embodiment, the alcohol can comprise or be methanol, and the
diallcyl ether can thus comprise or be dimethyl ether, in which case the conversion step
advantageously forms both gasoline and diesel boiling range hydrocarbons in its product.
(8081} It should be noted that this application is related fo U.S. Provisional
Application Nos. 61/548,015, 61/548,038, 61/54K,044, 61/548,052, 61/548,057, and
61/548,064, cach filed on October 17, 2011, the entire contents of cach of which are
hereby incorporated by reference herein, to the extent necessary to describe any portion of
the instant invention detatled therein. This application 1s also related to five other co-
pending international (PCT) applications, cach filed on even date herewith and claiming

the benefit to the atorementioned U.S. provisional patent applications, and which are
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entitled “Process for Producing Phosphorus Modified Zeolite Catalysts”, “Process for
Producing Phosphorus Modified Zeolite Catalysts”, “Phosphorus Modified Zeolite
Catalysts”, “Phosphorus Modified Zeolite Catalysts”, and “Phosphorus Modified Zeolite
Catalysts”, respectively, the entire contents of each of which are hereby further
imncorporated by reference herein, to the extent necessary to describe any portion of the

instant invention detailed therein.

BRIFF DESCRIPTION OF THE DRAWINGS

[3002] Figure 1 shows a graph plotting methano! conversion and dimethyl ether and
methane production agaimst temperature 1o the wethanel dehydration process of Exarple
i

(8083 Figure 2 shows a graph plotting the weight fraction of roethane produced
against temperature in the methanol dehydration process of Example 1, with and without
the addition of ~10 wt% water to the methanol feed.

66064} Figure 3 shows a graph plotting the weight fraction of methane produced
against temperature for the different v-alumina catalysts employed in the methanol
dehydration process of Exaropie 2.

[B005] Figure 4 shows a graph comparing the product slates obtained with the
different y-alumina catalysts employed 1n the 2-methyl-2-pentene isomerization process of
Example 3.

[5806] Figure 5 shows a graph comparing the concentration of Lewis acids sites for
the different v-alumina catalysts employed in the methanol dehydration process of
Exarapic 2.

[8667| Figure 6 compares the difference IR spectra for the y-alumina catalysts
employed in the methanol dehydration process of Example 2 after pyridine adsorption at
~150°C, followed by evacuation for ~30 minutes at ~1530°C, and after outgassing for ~2
hours at ~450°C under vacuum.

[B8308] Figure 7 shows a plot of methane formation at ~440°C against concentration
of hydroxyl groups at ~3771 e’ for the different y-alumina catalysts employed in the

methanol dehiydration process of Example 2.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[B009] Described herein 18 an integrated process for converting a C-Cy alcohol to
gasoline and/or diescl boiling range product. As a first step, the integrated process
comprises selective dehydration of an alcohol to a dialkylether using a catalyst comprising
y-alumina that is substantially free of terminal hydroxyl groups on tetrahedrally
coordinated aluminum sites of the selective dehydration catalyst. The second step can
advantageously include contacting the dialkylether dehydration product with a zeolite
conversion catalyst under conversion conditions o form the gasoline and/or diesel boiling
range hydrocarbon product.

[6016] The alcohol dehydration can generally take place at a temperature ranging
from about 250°C to about 300°C and at a pressure from about 100 kPa to about 7000 kPa,
At higher operating temperatures, i has been found that the presence of strong Lewis
acidity on the selective dehydration catalyst can lead to non-selective alcobol
decornposition to coke, methane, carbon dioxide, and hydrogen by-products, tending to
result in loss of yields, deactivation, and potentially dangerous temperature rise in
commercial reactors. By selecting an alumina without strong Lewis acidity and
substantially free of terminal [OH-] groups ou the tetra-coordinated alumina sites
{(indicated by an absorbance band at ~3770 cm in the pyridine IR spectra}, alcohol
decoraposition can be sigmficantly reduced without significantly negatively iropacting the
alcohol dehydration reaction. In particular, it has been found that advantageous results
were obtained when the y-alumina of the selective dehydration catalyst has a normalized
IR absorbance at ~3770 em™ of less than 10 cov/g.

(6011} As used herein, the term “normalized absorbance at ~3770 e’ is used
herein to mean a difference between the absorbance centered at about 3770 em’™' in the
pyridine FTIR spectrum of the selective dehydration catalyst comprising y-alumina and
the corresponding absorbance centered at about 3770 e’ in the background spectrum of
the selective dehydration catalyst comprising v-alumina, divided by the weight of the
sample per unit arca o this test, the background FTIR spectrum is taken at a temperature
T between ~20°C and ~80°C after outgassing the sample at about ~450°C under vacuum,
wcluding a pressure P of about 1.3 mPa or less for at least ~1 hour. The pyridine FTIR
spectruny is taken at the same temperature T after (i) outgassing the sample at about 4506°C

under vacuurn, inchuding a pressure P of about 1.3 mPa or less for at least ~1 hour, (i1)
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cooling the sample to about 150°C, (1) allowing the sample to adsorb pynidine under a
pyridine partial pressure of about 18 torr (about 2.4 kPa) at about 150°C for at least ~20
minutes, (1v) evacuating the sample at about 1530°C and said pressure P for at least ~20
minutes, and (v) then cooling the sample to said temperature T.

6012} The absence of strong Lewis acidity in the preferred catalysts eraployed herein
can be conveniently demonstrated by tnvestigating the product slate when the catalyst is

used to isomerize 2-methyl-2-pentene:
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[6013] Thus, as discussed by G.M. Kramer and G.B. McVicker, 4dec. Chem. Res. 19
{1986}, p. 78, the presence of strong acid sites on the catalyst can tend to favor the

production of 2,3 dimethyl-2 butene:
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[814] in particular, it has been found that advantageous results can be obtained in the
present selective dehydration process using an v-alumina, which, when employed to
isomerize 2-methyl-2-pentene at ~330°C, atroospheric pressure, and a weight hourly space
velocity of ~2.4 hr”', can produce an isomerized product in which the weight ratio of 2,3~

dimethyl-2-butene to 4-methyl-2-pentene can be less than 0.2, e.g., less than 8.05.
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[6615] Preferably, the selective dehydration catalyst employed in the present process
can have an alpha value less than 1. Alpha value can be a measure of the acid activity of a
zeolite catalyst, as compared with a standard silica-alumina catalyst. The alpha test 18
described in U8, Patent No. 3,354,078, in the Journal of Catalysis, v. 4, p. 527 (1965}, v.
6, p. 278 (1966); and v. 61, p. 395 {1980}, cach incorporated herein by reference as to that
description. The experimental conditions of the test used herein included a constant
temperature of ~538°C and a variable flow rate, as described in detail in the Journal of
Catalysis, v. 61, p. 395,

[016] The selective alcohol dehydration process described herein may be conducted
i the presence of water, but generally the water concentration of the alcobol feed can be
lower than that required with conventional catalysts, thereby advantageously increasing
the equilibrium conversion of the alcohol per reactor pass and/or vaising overall process
efficiency. Typically, the ;-4 alcohol feed can comprise less than 15 wit% water, for
exarnple less than 10 wi% water, less than 7 wi% water, or less than 4 wi%, water.
Additionally or alternately, the C;-Cy4 alcobol feed can comprise at least 0.5 wt% water,
tor example at least 2 wi% water,

[6617] The present process can be used to selectively dehydrate a wide variety of
alcohols to their corresponding dialkylethers, although generally the process can be
eraployed with n-alcobols baving from 1 to 6 carbons atoms, preferably 1 to 4 carbons,
especially methanol and/or cthanol. By using the selective dehydration catalyst described
herein, it can be possible to reduce the amount of alkane by-product to less than | wt%s of
the selective dehydration conversion products. In a particular embodiment, the alcohol
can comprisc or be methanol, and the dialkylether can comprise or be dimethylether.
Generally, the integrated process can further comprise a conversion step of contacting at
least part of the dialkylether (e.g., dimethylether) selective dehydration product with a
zeolite conversion catalyst under conversion conditions to form a gasoline and/or diese]
boiling range hydrocarbon product.

[6018] The invention can additionally or alternately inclade one or more of the
following embodiments.

[6619] Embodiment 1. An integrated process for converting a C-Cy alcobol to
gasoline and/or diesel boiling range product, said process comprising: contacting a £1-C4

alcohol feed under selectively dehydrating conditions with a catalyst coraprising -
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alurmna which is substantially free of terminal hydroxyl groups on tetrahedrally
coordinated aluminum sites of the catalyst to form a dialkylether dehydration product; and
contacting the dialkylether dehydration product with a zeolite conversion catalyst under
conversion conditions to form the gasoline and/or diesel botling range hydrocarbon
product.

16826 Embodiment 2. The process of embodiment 1, wherein the v-alumina of the
selective dehydration catalyst has a normalized IR absorbance at ~3770 cm! of less than
10 em/g.

6821} Embodiment 3. The process of any one of the previous embodiments, wherein
the selective debydration catalyst has an alpha value less than 1.

16622} Embodiment 4. The process of any one of the previous embodiments, wherein
the selective dehydration catalyst, when used to isomerize 2-methyl-2-pentene at ~350°C,
approximately atmospheric pressure, and a weight hourly space velocity of about 2.4,
produces an 1somerized product in which the weight ratio of 2,3 dimethyl-2 butene to 4-
methyl-2Z-pentene is less than §.2.

[6023] Embodiment 5. The process of any one of the previous embodiments, wherein
the selectively dehydrating conditions mclude a teraperature froma about 250°C to about
500°C and a pressure from about 100 kPa to about 700 kPa.

[6024] Erobodiroent 6. The process of any ove of the previous embodiments, wherein
the C-C, alcohol feed compriscs less than 15 wit% water.

[B025] Embodiment 7. The process of any one of the previous embodiments, wherein
the dialkylether product contains less than 1 wit% of the corresponding alkane.

[6026] Ernbodiment 8. The process of any one of the previcus embodiments, wherein
the ;-C4 alcohol comprises or is methanol, and wherein the dialkylether comprises or is
dimethylether.

1827} Embodiment 9. The process of embodiment &, wherein the conversion step
results in a product comprising both gasoline and dicsel boiling range hydrocarbons.
[6028] The invention will now be more particularly described with reference to the

following non-limiting Examplics and the accompanying drawings.
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EXAMPLES
Example 1
[6629] ~50-gram sarapics of a commercially available y-alumina designated herein as

catalyst 1 were tested in the dehydration of ~100% methanol at ~35 psig (~380 kPag}, ~10
hr't WHSV, and a variety of temperatures of ~380°C, ~400°C, ~420°C, and ~440°C. The
results are shown in Figure 1. In ecach case, the methanol was dehydrated to an
cquilibrium mixture of dimethylether and methanol. However, a significant amount of
methane was forroed from macthanol decomposition, particularly at higher temperatures.
[6030] The process was repeated with the addition of ~ 10 wit% water to the methanol
feed, and the results are shown in Figure 2, which also plots the results for a silicon
carbide control {no methano! dehydration or decomposition}. It can be scen that
wmereasing the water content of the methavol feed to ~10 wi% significantly reduced non-
selective methano! decomposition and methane formation. However, methane formation

was still higher than desired.

Example 2
{6631 The process of Example 1 was repeated, but using the three ditferent
commercially available y-aluminas summarized in Table 1 below to effect dehydration of
~100% methanol. The results are shown in Figure 3 and demonstrate that the best resulis
appeared to be obtained with Catalyst 3.

Table 1

Alumina Catalyst p, i 3 4

Shape Extrudate Extrudate 1/8” sphere 1716”7 Cylinder
Surface area, /g ~216 ~193 ~181 ~88
Particle deunsity, g/cc ~1.15 ~1.28 ~1.13 ~1.33
Pore volume, cc/g ~3.61 ~(.44 ~0.47 ~.43
Alpha activity ~3.7 ~2.7 ~0.91 ~2.2
TPAA*, meg/e ~{3.43 ~{3.44 ~(3.26 ~{3.15
Trace metals by XRF, wtl

Na ~.07 ~(3.07 ~.085 ned

51 ~0.02 ~0.023 ~(.033 ~0.036

5 nd ~0.003 ~0.0061 ~(.0048

Cl nd nd nd nd

Fe ~(.0026 ~0.015 ~0.01 ~(.0043

*TPAA = temperature progranmimed ammornia adsorption
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(6632} Samples of the y-alumina were screened for acidic activity with n-hexane
cracking measurements int a routine alpha test at standard conditions (~100 torr hexane
vapor pressure in a He carrier gas flowing through a reactor held at ~1000"F). The alpha
test counsisted of four evenly-spaced measurements over ~30 minutes. The data was
plotted, and the relative rate of cracking was calculated relative to silica-alumina, which is

defined to have an alpha value of 1. The results are shown in Table 1 above.

Example 3
(3033} The pas phase isomerization of 2-methyl-2-pentene (2MZP) over cach of the

catalysts eraployed in Example 2 was studied in a plug-flow reactor. An amount of ~0.1 g
of cach catalyst was pretreated in flowing helium for about T hour at ~723 K prior to the
reaction. The reaction was inmtially conducted at ~473 K for ~1 hour, while a flow of ~15
mb/min of ~7 vol% 2MZP in helium at approximately atmospheric pressure was passed
over the catalyst. The feed was then switched to hehium and the catalyst cooled to ~448 K
and then to ~423 K. The catalyst samples were taken ~10 minutes after switching on the
toed at ~473 K, ~448 K, and ~423 K. The products were analyzed by GC with an FID
detector, and the results are summarnized o Figure 4.

[8034] It can be scen that the Catalyst 1 appeared to be the most acidic alumina, with
about 530% of mediurn and strong acid sites, whereas the alumina of Catalyst 3 appeared to

have almost no strong acid sites, and less acid sites overall than the other aluminas.

Example 4

[6035] For IR measurerents of adsorbed pyridine, samples of the catalysts emploved
in Example 2 were ground and pressed into thin self-supporting wafers. Specific wafer
weights ranged from about 20-35 mg/cm”. Each wafer was placed in an IR transmission
cell equipped with CaF, windows. The IR cuvette could be heated and evacuated. For the
samiple treatment, the cuvette was connected to a high-vacuum manifold. A pressure of
~2x 107 torr (~0.3 mPa) measured by an jon gauge could be achieved in the manifold
using a turbo molecular pump. The adsorption of pyridine was carried out from a glass
vial attached to the manifold. The pyridine partial pressure was measured by a

Baratron™. For the IR measurement, the sample cuvette was transferred into a Nicolet™
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670 FTIR spectrometer. Spectra were taken at ~2 em™ resolution accurnulating
approximately 512 scans.

6836} Before loading cach wafer, the IR cuvette was outgassed in flowing air at a
flow rate of about 50 ml/min for ~2 hours at ~520°C in order to remove trace amounts of
pyridine that might be adsorbed on the walls of the cuvetie frorm the previous experiment.
The catalyst wafer was then placed into the regenerated cuvette and evacuated for ~2
hours at ~450°C in order to remove physisorbed water and to activate the sample. The
sarople cooled under vacuum to ~80°C under a final pressure of about 2x 107 torr (~0.3
mPa) In this state, the cuvette was disconnected from the manifold and a spectrum was
taken from the outgassed sample. This spectrum was referred to as background spectrur.
6837} For the adsorption of pyridine, the cuvette was reconnected to the manifold,
and pyridine was allowed {o equilibrate with its vapor for ~20 mnutes at room
temperature (~23°C) leading to pyridine partial pressures of about 18 torr (~2.4 kPa).
During this time the valve to the cuvette was shut, and the saropic was heated to ~150°C.
After the temperature of the cuvette reached ~150°C, the valve to the liquid pyridine vial
was closed, and pyridine vapor was expanded into the cell. The sample was exposed to
pyridine vapor at ~150°C for ~30 roinutes, then evacuated for another ~30 mainutes at
~150°C, and subsequently cooled to ~80°C under vacuum. The final pressure was
between ~5x107 and ~1x107 torr. A sample spectrurn was taken of the catafyst with
adsorbed pyridine. The amount of pyridine adsorbed on the sample after adsorption and
evacuation of pyridine at ~150°C was referred to as the total amount of weakly and
strongly bonded pyridine corresponding to the amount of weak and strong Lewis acid
sites, respectively.

6038 After the adsorption of pyridine at ~150°C and subsequent evacuation of the
cell at ~150°C, the cell was again reconnected to the manifold and continued to be
evacuated for ~30 minuies at ~450°C. After cooling down to ~80°C, another sample
spectrum was collected. The amount of pynidine left on the saraple after evacuation at
~450°C was referred to as strongly bonded pyridine corresponding to the amount of strong
Lewts acid sites.

[6639] The band for the 19b ring vibration of Lewis-bonded pyridine with peak
position between ~1450 em™ and ~1455 cm™! was chosen for the evaluation of Lewis acid

sites. The baseline for this band was defined as 4 linear curve between the minima to the
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high frequency and low frequency side of the band. The Lewis band was iontegrated
ctween limits at ~1470 cm™ and ~1420 cm’', and the integration limits were set to
coincide with the points defining the bascline. The band for the 19a ring vibration of
pyridinium ions with peak position between ~1540 em™ and ~1545 ™, which
corresponded to Bronsted acid sites, was not observed in the present study. The amount of
Lewis-bonded pyridine per gram of sample was calculated using Beer-Lambert’s law
given in equations 1) and 2}
1} Al g c*d
2) Ai / i =7 / Q
where
Ay integrated absorbance [em™]
gi: integrated roolar extinction coctficient [em/urnol]
¢ concentration of pyridine adsorbed in the wafer {umol/cm’]
d: wafer thickness {cm]
{3: geometric surface area of wafer forn’]
n: amount of pyridine | pmol]
[6840] The integrated molar extinction coctficient was adopted from the literature to
be e, = 2.22 em/umel for Lewis-bonded pyridine. Reformulation of eguation 1) and
dividing by the wafer mass, m [mg], yielded equation 3
3} n/m= (A *Q)/ (g *my
which expressed the amount of pynidine n munol adsorbed per gram of sample.
6041 The concentration of a particular Lewis acid-Bronsted base pair site containing
a hydroxyl group with an OH stretching frequency between ~3770 cm” and ~3772 em™
was determined from the change in absorbance at ~3771 e upon adsorption of pyridine.
Normalization by the specific wafer weight yielded equation 4:
4y ¢JOH ~3771cm )= A [~3771er, py ~150°C] = A [~3771 emt’h, vac ~450°CT / (m/Q)
[6042] The difference spectrum [py ~150°CH{vac ~450°C] produced a vnimum at
the position of the OH band at ~3771 cm’, relative to the high frequency region
neighboring the OH stretching regime. The intensity of the ~3771 em™ band was defined
as the difference in absorbance between the minimum at ~3771 em” and the baseline at
~3850 cm™. The corresponding concentration of the hydroxy! groups at ~3771 cmi™, as
defined in cquation 4, has units of [cnm/mg sample].
16843 Figure 5 shows the amount of the total number of Lewis acid sites after

pyridine adsorption and evacuation at ~150°C, and that of strongly bonded pyridine
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evaluated after subsequent evacuation at ~450°C. I can be scen that the total nurber of
Lewis sites increased n the order of Catalyst 4 < Catalyst 3 < Catalyst 2 = Catalyst 1,
while the amount of strong Lewis acid sites followed the order of Catalyst 4 ~ Catalyst 3 <
Catalyst 2 =~ Catalyst 1. No Bronsted acid sites were detected by IR of adsorbed pyridine.
(6044} Figure 6 shows the difference spectra in the range of OH streiching
frequencies of the alumina samples formed by subtracting the background spectra after
outgassing for ~2 hours in vacuum at ~450°C froro the sample spectra taken after
adsorption of pyridine and subsequent evacuation at ~150°C.

[8045] Pyridine was observed to interact by H-bonding with the hydroxyl group at
~3771 em™, preducing a new OH band for the perturbed hydroxyl group which was
shifted to lower frequencies. The H-bonding led to the disappearance of the band at ~3771
cm™. Consequently, H-bonding produced a negative band at the position of the
unperturbed OH stretching frequency at ~3771 em’™ in the difference spectrum between
the sample spectrum taken after pyridine adsorption at ~150°C and the background
spectrum taken after outgassing at ~450°C.

[B046] Figure 7 shows a correlation between the concentration of the hydroxvl group
at ~3771 e’ and the wt% methane made over the alurnina in the DME reactor at ~440°C,
The activity of the catalyst to convert methanol into methane inercased approximately

linearly with the concentration of the hydroxyl group at ~3771 e

6847} While the present invention has been deseribed and ilhustrated by reference to
particular emnbediments, those of ordinary skill in the art will appreciate that the invention
tends itself to vanations not necessarily ilustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope

of the present wvention.
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CLAIMS
What 1s claimed is:
1. An integrated process for converting a C-Cy alcohol to gasoline and/or diescl

boiling range product, said process comprising:

contacting a C-C, alcohol feed under sclectively dehydrating conditions with
catalyst comprising y-alumina which is substantially free of terminal hydroxyl groups on
tetrahedrally coordinated aluminum sites of the catalyst to form a dialkylether dehydration
product; and

contacting the dialkylether dehydration product with a zeolite conversion catalyst
under conversion conditions to form the gasoline and/or diesel boiling range hydrocarbon

product.

2. The process of claim 1, wherein the y-alumina of the selective dehydration catalyst

has a normalized IR absorbance at ~3770 ¢’ of less than 10 cnvg.

3. The process of claim 1 or claim 2, wherein the sclective dehydration catalyst has

an alpha value less than 1.

4. The process of any one of the previous claims, wherein the selective dehydration
catalyst, when used to isomerize 2-methyl-2-pentenc at ~350°C, approximately
atmospheric pressure, and a weight hourly space velocity of about 2.4, produces an
tsomerized product in which the weight ratio of 2,3 dimethy!-2 butene to 4-methyl-2-

pentene is less than 0.2

5. The process of any one of the previous claims, wherein the selectively dehydrating
conditions mmclude a teraperature from about 250°C to about 300°C and a pressure from

about 100 kPa to about 700 kPa,

6. The process of any one of the previous claims, wherein the C;-Cy alcohol feed

comprises less than 15 wit% water.

=~

The process of any one of the provicus claims, wherein the dialkylether product
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contains less than 1 wt% of the corresponding alkane\

8. The process of any one of the previous clairas, wherein the C-Cy alechol 1s

methanol, and wheretn the dialkylether ts dimethylether.

9. The process of claim 8, wherein the conversion step results in a product

comprising both gasoline and diesel boiling range hydrocarbons.



