PROCESS FOR ALCOHOL PRODUCTI ON BY SELECTI VE ETHER
DECOWPOSI TION Field of the Invention [0001] This

WO pwensi4eh relates to an integrated process foPCT/082006/012782
production of alcohols. Mre specifically this
invention relates to an integrated process for the
production of al cohols fromolefins by hydration and
thg slel ]Eect i ve deconposition of ethers to the al cohol
and ol efin. f ' The
and o ehin K FRYFORIALEOHAY. PiODUC ]enes and
al cohol s, prBvesELEZTAVERTHER DECOMPOSITION
al cohols, is an Inportant reaction in a nunber of
commerci al processes. Thus, for exanple, this reaction
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) o?e@';b'&ttb% AP gy de Haute Purete par
Deconposition du MIBE" by P.B. Meunier et al. in Revue

de LTnstitut Francais du Petrole, vol. 46, No. 3, My
1991 Pa %s 361 to 387, US Patent No. 5, 254,785, U S
iﬂékgﬁ!&—g—gﬁmg—, 101, S. Patent No. 5,1 17,920 and
g@ﬁ ublveshad oPatignt 6Pkl itdspbhd¥: alkenes and alcohols,
A- 06072904 [0004] U.S. Patent 4,352,945

dgsefetablysalkirotd, os esllpzhapc elcebds.fippn pnpmt,m rfglctlon in a number of

I SO anol co ont acting. wat er
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CQUPY hSisBSoBi e‘i‘ﬁér dprb@t!ﬂ:e@’é@ ARG LpIo88LE of Hlefin fh'yﬂx‘(ahon processes,
reacti on o e under hydration condltl ons to produce a

f isush asthe &xdratiohpf ptiopyldnaty frhduckiisopropaneleam i nto a

f ﬁgq%g]d S?%rré)i%rgec lALaI%Iﬁ Sgery\%rto%cr)se%nt%rlt OReS %Q&Lon 09 et%ers for
instance, in U.S. Patent Nos. 4,691,073; 4,254,290, 4,320,232; 4,521,638,
4398,051; 4,357,147. “Production D’Isobutene de Haute Puret¢ par

Décomposition du MTBE” by P.B. Meunier et al. in Revue de L’Institut Francais
du Petrole, vol. 46, No. 3, May 1991, pages 361 to 387, US Patent No. 5,254,785,
U.S. Patent No. 5,177,301, U.S. Patent No. 5,117,920 and Japanese Published
Patent Application No. JP-A-06072904.

[0004] U.S. Patent No. 4,352,945 describes discloses a process for producing
isopropanol comprising (a) contacting water and a feedstock comprising propylene
with a catalyst comprising an acid ion exchange resin in a first reaction zone under
hydration conditions to produce a first stream; (b) dividing the first stream into a
second stream comprising water and isopropanol and a third stream comprising
diisopropyl ether; (c) contacting the third stream with a reversion catalyst in a
second reaction zone under reversion conditions to produce a fourth stream; (d)
separating propylene from the fourth stream; (e) recycling the propylene to step

(a); and (f) recovering isopropanol from the second stream. The reversion reaction



di i sopropyl ether; (c) contacting the third stream

Wth a reversion catalyst in a second reaction zone
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(d) separating propylene fromthe fourth stream (e)

recycling the propylene to step (a); and (f)

recovering isopropanol from2-he second stream The
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processes for the manuf act ure of isopropanol include
1}evetsivn mgrtionluees psibpyhlemimacogelaatilst process, 2)

recycling the | PE back he. L I _
d&e Iggﬁgﬁéleg Ffémlupgﬁl%oth% S@@E@ﬁ%&éﬁgpﬁ%ﬂ? T élz’%Eg i grocesses

28(63% H%gﬁﬁl:ﬂﬁ?é' %s&%ph@ﬁi&ﬁ;dk%?@ﬁrﬁpﬁ@ a &ve pioplylent PAjversion

wever, | ow conversion processes create |arge
r eeyesse2 ptecpaing the tRE badigo termgecticazoner® depeippesing the IPE to
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puriftication step is required for the propylene return,
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unit is feasible becausfe trle . :
Jarge reactors, large amounts of catalyst, and fractionation of reactor effluent to
create a highly concentrated propane stream for purging. If dilute propylene is
used then a purification step is required for the propylene return stream.
[0008] Recycling the IPE back to the hydration unit is feasible because the
reaction of IPE to IPA and/or propylene can be equilibrium controlled and is
reversible in the hydration zone. Recycling IPE permits recovery of IPA and/or
propylene from the IPE, but it does not eliminate the formation of IPE. In some
cases it is not possible to recycle all of the IPE back into the feed and therefore
other dispositions for the IPE must be found. Additionally, recycling IPE to the
front end decreases the capacity of the unit by the amount of IPE recycled.
10009] Thermal decomposition of ethers typically occurs at elevated temperature
(typically > 350°C) and generates significant thermal side reactions that create

impurities that must be removed before recycling. The recycled impurities quickly



reaction of IPE to | PA and/or propyl ene can be
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dk&ﬁk es5.a process for selectively converting a

dial’kyl “ether to the correspondi ng al kene and al kanol ,

the process conprising cobudeZi®g a feed containing at

| east one dial kyl ether wt cat.al ys Iy Si
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oxides preferably contain sulfur, typically present in an amount of up to 5 wt%,
such as up to 1 wt%, of the final mixed oxide composition. The mixed oxides can
prepared by impregnation or by co-precipitation from a liquid mixture containing
a source of Group 4 metal ions and a source of Group 3 and/or Group 6 metal
ions. These catalysts exhibit both high selectivity and long catalyst lifetime when
used as ether decomposition catalysts.

[0012] The ether decomposition process integrated into a commercial alcohol
process, for example IPA, of the present invention enables high selectivity in the
conversion of propylene to IPA and provides high purity propylene in the recycle

stream.

Summary of the Invention.
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such as up to 1 wt% of the final m xed oxide
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Summary of the Inven tion. TA [6013] I n one aspect
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an acidic mixed metal oxide which comprises at least one metal selected from
Group 4 of the Periodic Table of Elements and at least one metal selected from
Group 3 (including the Lanthanides and Actinides) and Group 6 of the Periodic
Table of Elements and which is produced by co-precipitating oxide precursors of
the metals from a liquid medium and then calcining the co-precipitate.

[0015] Preferably, the at least one Group 4 metal comprises zirconium.

[0016] Preferably, the at least one metal selected from Group 3 and Group 6
comprises cerium, molybdenum, or tungsten, advantageously cerium.

[0017] Typically, the contacting is conducted at a temperature of about 50°C to
about 320°C, such as about 100°C to about 275°C, or about 125°C to-about
250°C. Alternatively, in certain embodiments the contacting is conducted at a
temperature of about 235°C to about 290°C, such as about 235°C to about 255°C,
or about 254°C to about 260°C, or about 250°C to about 265°C or about 250°C to
about 285°C. Typically the contacting is conducted at a pressure of about 0 kPa to
about 3500 kPa, such as about 0 kPa to about 2400 kPa, or about 100 kPa to about



converting a dial kyl ether to the correspondi ng al kene
and al kanol conprising contacting a feed containing at
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stream comprising the alcohol, the dialkyl ether, the olefin and the water; (d)
removing at least a portion of the olefin from the crude dialkyl ether
decomposition stream to form a substantially olefin-free dialkyl ether
decomposition stream and a recovered olefin; (e) recycling at least a portion of the
recovered olefin; (f) separating at least a portion of the dialkyl ether from the
substantially olefin-free dialkyl ether decomposition stream to form a second
crude alcohol stream; (g) recycling at least a portion of the dialkyl ether to step (c);
and (h) recycling at least a portion of the second crude alcohol to the first crude
alcohol stream.
[0019] Preferably, the at least one Group 4 metal comprises zirconium and the at
least one metal selected from Group 3 and Group 6 comprises cerium,

molybdenum, or tungsten, advantageously cerium.

[0020] In one aspect the invention resides in a process of improving the
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a dialkyl e%her r1tr;g)separating at least apI%'tig\Q% 'ﬁae><<:rllldc'e ALohol stream into an

alcohol-containing stream and a dialkyl ether stream; (c) contacting at least a

0.1, ..
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portion of the dialkyl ether stream with an ether decomposition catalyst, the ether
decomposition catalyst comprising a mixed metal oxide having the following
composition XnY,Z,Oq Where X is at least one metal selected from Group 4 of the
Periodic Table of Elements, Y is at least one metal selected from Group 3
(including the Lanthanides and Ac:cinides) and Group 6 of the Periodic Table of
Elements and Z is at least one metal selected from Groups 7, 8, and 11 of the
Periodic Table of Elements; m, n, p, and q are the atomic ratios of their respective
components and, when m is 1, n is from about 0.01 to about 0.75, p is from 0 to
about 0.1, and q is the number of oxygen atoms necessary to satisfy the valence of
the other components, to form a crude dialkyl ether decomposition stream

comprising alcohol and olefin; (d) recovering at least a portion of the olefin from
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[0026] Figure 3 shows yield per pass versus temperature at 200 psig (1379 kPag).
[0027] Figure 4 shows yield per pass versus temperature at 50 psig (345 kPag).
[0028] Figure 5 shows the weight % of heavy impurities as a function of

temperature.

Detailed Description

Introduction

[0029] The present invention is directed to an integrated process for the hydration
of an olefin and the selective decomposition of by-product ethers to the

corresponding olefins and alcohols. In one embodiment, the process converts
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around 6% by recycling the recovered olefin versus purging.

Mixed Metal Oxide Catalyst Composition

[0031] The mixed metal oxide composition used as the catalyst in the processes of
the invention comprises at least one first metal selected from Group 4 of the
Periodic Table of Elements and at least one second metal selected from Group 3
(including the Lanthanides and Actinides) and Group 6 of the Periodic Table of
Elements. It is to be appreciated that Periodic Table of Elements referred to herein
is the TUPAC version described in the CRC Handbook of Chemistry and Physibs,
78th Edition, CRC Press, Boca Raton, Florida (1 997).

10032] Suitable Group 4 metals include titanium, zirconium and hafnium, with
zirconium being most preferred. Suitable Group 3 metals include scandium,

yttrium and lanthanum, and metals from the Lanthanide or Actinide series, such as
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| Pl tPNNGEPSHRE Odre the atomic ratios of their respective components and,
when m is 1, n is from about 0.01 to about 0.75, such as from about 0.02 to about
0.6; p is 0 to about 0.1, such as from about 0 to about 0.05; and q is the number of
oxygen atoms necessary to satisfy the valence of the other components. Thus in
this embodiment, the mixed metal oxide compositions do not contain the silicon
and/or aluminum present in the prior art catalysts disclosed in, for example, US
Patent No. 5,171,920 and Japanese Published Patent Application No. JP-A-
06072904.
[0035] The mixed metal oxide composition employed in the processes of the
invention is produced by chemical interaction of a Group 4 metal oxide with an
oxide or oxyanion of a Group 3 and/or 6 metal. The catalysts selected for the
purposes of the present invention exhibit very high selectivity for ether
decomposition, while minimizing side-reactions. While the authors do not wish to

be bound by any theory, it seems that the selection of the particular metal elements
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Svnthesis of the Mixed Metal Oxide Catalyst Composition

[0038] In one embodiment, the catalyst composition may be prepared by
impregnation, for example by impregnation of a hydrothermally treated hydrated
oxide of the Group 4 metal with an aqueous solution containing a source of ions of
a Group 3 and/or Group 6 metal, followed by drying. The resulting catalyst
precursor is then calcined in the manner described below.

[0039] In such an embodiment, a preferred source of the Group 4 metal oxide is
hydrated zirconia. The expression, hydrated zirconia, is intended to connote a
material comprising zirconium atoms covalently linked to other zirconium atoms
via bridging oxygen atoms and further comprising available surface hydroxyl
groups. Without being limited to any particular theory, the available surface
hydroxy! groups are believed to react with the Group 3 and/or Group 6 species to

form the present acidic catalyst component. Hydrated zirconia can be formed by
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a (g¥8d) " Wheré the catalyst composition also contains a further metal selected from

Groups 7, 8 and 11 of the Periodic Table of Elements, the further metal can be
incorporated in the catalyst by impregnation at the same time as or separately from
the impregnation with the Group 3 and/or Group 6 metal.

[0042] Suitable sources of ions of the Group 3 and/or Group 6 metal and the
further metal include compounds such as oxychlorides, chlorides, alkoxides,
sulfates and nitrates. Preferably, the Group 3 and/or Group 6 metal is present as a
sulfate.

[0043] In another, more preferred embodiment, the catalyst is prepared by co-
precipitation from a liquid mixture containing a source of Group 4 metal ions and
a source of Group 3 and/or Group 6 metal ions followed by calcination of the
resulting catalyst precursor in the manner described below. The liquid mixture
can be prepared by combining a first liquid solution comprising a source of Group

4 metal ions with a second liquid solution comprising a source of Group 3 and/or
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[0045] Where the catalyst composition also contains a further metal selected from
Groups 7, 8 and 11 of the Periodic Table of Elements, the further metal can be
incorporated in the catalyst during coprecipitation of the oxide precursor of the
Group 4 metal and the Group 3 and/or Group 6 metal.
[0046] Again, suitable sources of the metal ions for the coprecipitation include
compounds such as oxychlorides, chlorides, alkoxides, sulfates and nitrates.
Preferably, at least one of the metals is present as a sulfate and/or a source of
sulfate ions is added to the liquid mixture from which the catalyst precursof is
precipitated. Where the Group 4 metal includes zirconium, the preferred source of
zirconjum is zirconium nitrate, and where the Group 3 metal includes cerium, the

preferred source of cerium is a cerium sulfate.

[0047] Calcination of the catalyst precursor is effected, typically in an oxidizing
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the resulting catalyst precursor in the manner

descri bed bel ow. The liquid mxture can be prepared by
combining a first Iiqui 1sol uti dpt conprising a source
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conpri sing a sour c®,ef—Cretio-3—ehe-oRG oup 6 net al

i ons, wherein the conbi r'atl on takes pl ace under

condi ti ons Rs Re

wherein R;, Ry, Rs, Rs, Rs and Ry are the same or different and are selected from
hydrogen, alkyl, arylalkjrl and alkylaryl species, each preferably having up to 20
carbon atoms. Alternatively, the dialkyl ether may have from about 2 to about 10
carbon atoms in each alkyl moiety, alternatively from about 2 to about 8 carbon
atoms in each alkyl moiety, alternatively from about 2 to about 4 carbon atoms in
each alkyl moiety, alternatively from about 3 to about 4 carbon atoms in each alkyl
moiety. In one embodiment, the dialky] ether comprises isopropyl ether, sec-butyl
ether or mixtures thereof.

[0049] Although the dialkyl ethers used in the processes of the present invention
are typically symmetrical, i.e., RjRoR3C is the samé as R4RsR6C, the present
invention also encompasses unsymmetrical dialkyl ethers, 1.e., RiIRoR3C i1s
different from R4RsR¢C. The unsymmetrical ether may arise from inadvertent or
deliberate introduction of two or more olefins into the hydration step. For

example, propylene used to make IPA may contain small amount of butenes.
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hr',

[0052] In a practical embodiment, the ether-containing feed contains isopropyl
ether (IPE) and is produced as a by-product of propylene hydration, in a process
for the manufacture of isopropyl alcohol (IPA). Some IPA processes involve
contacting propylene with sulfuric acid. This can be accomplished with gas/liquid
absorption or liquid/liquid extraction. While these processes have been utilized
for several decades, some improvements have been made. The improvements
include a process configuration that utilizes a unique combination of plug flow,
bubble column, and closed stirred tank reactor reaction sections to achieve high
conversion of dilute or concentrated propylene. Also spargers custom designed

for the propylene/sulfuric acid absorption/extraction section can be used. Further,

Joop reactors may be preferred to improve mixing integrity.
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4 iGAhRORN aft ARVt PREBmPbIYIPEMREG g thRedRfl8n (1) while reducing
enbodi nent, the dial kyl ether conprises isopropyl
etlRardehgdetibueyd patplytene ofigpmstzation. thyeleebty, the conditions used
to effect IPE decomposition include a temperature of about 100°C to about 320°C,
such as about 200°C to about 300°C, for example about 210°C to about 280°C; a
pressure of about 100 kPa to about 3550 kPa, such as about 400 kPa to about 1800
kPa, for example about 700 kPa to about 1500 kPa, a weight hourly space velocity
(WHSV) of about 0.5 hr'" to about 250 hr”', such as about 3 hr to about 10 hr”,
for example about 5 to 7 hrl. or 20 hr! to 100 hr', where the higher space
velocities are preferred at higher tefnperature. Conveniently, the feed to the
catalyst includes water in addition to the IPE, with the molar ratio of water to IPE
typically ranging from 0 to 3, such as about 0.5 to about 2, for example about 0.7
to 1.5.
[0057] In yet another practical embodiment, the ether-containing feed contains
sec-butyl ether (SBE) and is produced as a by-product of the hydration of butene
to produce sec-butanol. One possible method of disposition of the SBE is as a

fuel, for example by addition to motor vehicle gasoline, but, not only may this be

subject to environmental regulation, it also leads to a loss of butenes as a lower-
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[0059] The processes of the invention may be conducted in a stationary or
fluidized bed, and may take place continuously or batch-wise.

[0060] The processes of the invention may be conducted using pure ether
feedstocks, or they may include a diluent such as nitrogen, argon, carbon dioxide,
alkanes, and the like. In a preferred embodiment, water may be added together

with the ether feed to minimize dehydration of the resultant alcohols.

Integrated Olefin Hydration and Ether Decomposition

[0061] The integrated olefin hydration and ether decomposition is discussed with
reference to Figures 1 and 2. The integrated process may be used for any of the

embodiments described above. The following description of certain embodiments



[0052] In a practical enbodiment, the ether-containing
feed contains isopropyl ether (IPE) and is produced as
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to about 4, and the catalyst selected from sulfuric acid and phosphoric acid.

[0064] Direct hydration processes typically use solid acid catalyst or
heterogeneous catalyst for the hydration of the propylene directly to IPA. In the
direct process, the hydration of the olefins to alcohols is carried out directly and in
a single step, by contacting the olefin with the hydration water in the presence of
an acidic catalyst. Direct hydration processes typically require chemical grade
propylene or higher to decrease impurities produced and maintain catalyst life.
Direct hydration may be carried out in vapor-phase, liquid-phase or mixed phase.
IPE is also the major by-product from direct hydration processes but usually it
forms in lower amounts than indirect hydration processes. Examples of indirect
hydration of olefins are disclosed in U.S. Patent Nos. 4,469,903 and 4,456,776,
which are incorporated by reference.

[0065] In one embodiment, the direct hydration process typically operates at a
pressure ranging from about 200 psig (1 379 pKa) to about 2000 psig (13,790 kPa),
a temperature ranging from about 80°C to about 180°C, a WHSYV ranging from
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[0068] In a conventional IPA process, the concentrated IPE stream, comprising
IPE, IPA and water, is transferred via line 18 to a receiving vessel, not shown, to
be blended with gasoline to serve as an oxygenate. In one embodiment of the
present invention the concentrated IPE stream is transferred via lines 18 and 20 to
an ether decomposition system comprising an ether decomposition reactor 22, a
flash drum and condenser 38 and a wash tower 30.

[0069] In one embodiment concentrated IPE stream from line 18 enters line 20,
which is connected to line 21 to provide additional water. The concentrated IPE
stream and co-injected water, if any, which is vaporized upon entering the ether
decomposition unit 22, which has a fixed bed reactor of the mixed metal oxide
catalyst described above. In one embodiment, the mixed metal oxide catalyst

comprises CeQ/ZrQ,. In one embodiment, the ether decomposition reactor
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[0070] In one embodiment, the ether decomposition unit 22 provides the
distillation tower 26 with a feed stream, via line 24, comprising water, IPE, and
propylene and IPA, from cracking IPE. The propylene is separated in the
distillation tower 26 and recycled, via line 34, to the hydration unit 4 via the
propylene/propane feed line 2. In one embodiment, the distillation tower 26
typically operates at a pressure ranging from 0 psig (0 kPag) to about 200 psig
(1379 kPag), preferably at a pressure greater than about 150 psig (1034 kPag). In
another embodiment, the distillation tower 26 typically operates at a pressure
ranging from about 0 psig (0 kPag) to about 500 psig (3448 kPag), or from about
50 psig (345 kPag) to about 250 psig (1724 kPag), or from about 150 psig (1034

kPag) to about 210 psig (1448 kPag). In one embodiment, the distillation tower
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by- product of these processes is the correspondi ng
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unit 22 and the wash tower 32 are generally operated the same as for the

embodiment described above having a distillation tower 26. The flash drum and
condenser 38 is typically operated at a pressure less than about 100 psig (690
kPag) or less than about 150 psig (1034 kPag) or less than about 180 psig (1241
kPag). The propylene is condensed to a liquid form and recycled via line 34 to the
hydration unit 4.

[0074] Table 4 shows typical, i.e., non-limiting, operating conditions for an ether
decomposition reactor 22 processing IPE using a catalyst having about 17 weight
% cerium based on the total weight of the CeO/ZrO, catalyst. Table 4 exemplifies
certain embodiments of the present invention using either the distillation tower 26
or the flash drum and condenser 38.

[0075] In one embodiment, an aspect of the invention relates to a process for the

production of an alcohol, the process comprising (a) reacting an olefin and water



to about 20, and the catal yst selected fromacid
catal ysts such as acidic resins, solid phosphoric acid
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catal ysts, m xed netal oxides, and silicotungstate

catal ysts. [0066] Further details regarding direct and

i ndirect hydration processes.may be found in

I ndustrial Organic Chem stry, 2nd Revi sed and Extended
Edition, Section 8.1.2 pp..194-97-(.199 .
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wherein the crude dialkyl ether decomposition stream comprises residual dialkyl
ether, and the process further comprises the step of recycling at least a portion of
the residual dialkyl ether to step (c). In another embodiment an aspect of the
invention relates to the process wherein at least a portion of the alcohol from the
crude dialky] ether decomposition stream is combined with the alcohol obtained at
step (b).
[0077] In another embodiment an aspect of the invention relates to a process of
improving the selectivity of olefin conversion in an olefin hydration process, the
process comprising (a) contacting a dialky] ether stream from the olefin hydration
process with an ether decomposition catalyst, the ether decomposition catalyst
comprising a mixed metal oxide having the following composition X YnZpOq
where X is at least one metal selected from Group 4 of the Periodic Table of

Elements, Y is at least one metal selected from Group 3 (including the

Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z
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Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z
is at least one metal selected from Groups 7, 8, and 11 of the Periodic Table of
Elements; m, n, p, and q are the atomic ratios of their respective components and,
when m is 1, n is from about 0.01 to about 0.75, p is from 0 to about 0.1, and q is
the number of oxygen atoms necessary to satisfy the valence of the other
components, to form a crude dialkyl ether decomposition stream comprising a
second mixture of alcohols and a second mixture of olefins; (d) recovering at least
a portion of the second mixture of olefins from the first crude dialkyl ether
decomposition stream; and (e) recycling at least a portion of the olefins recovered
in step (d) to step (a). In another embodiment another aspect of the invention
relates to the process wherein the crude dialkyl ether decomposition stream

comprises at least one dialkyl ether, and the process further comprises the step of



di sti!l_ation tower 26 with a feed stream via |line 24,

conprising water, |PE, and propylene and I PA from
wee@ehsxgs | PE. The propylene is separated in tPET/US2006/012782

distillation tower 26 and recycled, via line 34, to

the hydration unit 4 via the propyl ene/ propane feed

Ilng 2. I n one enbodi nent, -the distillation tower 26

typically operates at a pressure ranging fromO psig

0 kPag), .to, about 2 j 79,. I
by baeieyaa iy orah Sbato ERi e B S ER  Fother
%ﬁﬁb@ﬁrfen?%od%é@ RF thd HRerlist tdldtad ithet r08dss 2fherein at least a
typica 'y operates at a pressure ranging fromabout 0
pﬁrtg)n( ggkﬂ’ag)sedood abxitres 08 plophpls 3a@ K gyrude rdiphkyly ether
about . pSi 345 kPaq), t o, about. 25 [ :
epaorgion s eiay 1oh g fetiad PRl o e S g of
Rdofofs 1 4480k 8t bodilenOAE a§Fiee af MRNinvehtidh £Hlabd kd #id process
tower 006/ 012782 -20- 26 typically operates at a

gﬂmg ateufirst maxtgiernf olefom cabpuises3nde@st tvaelsiins hayingformulae
ependi n th : .

R0 o8, (e LSRR 58 0T Aol LS R
Y@%ﬁ’?“ﬂdf)ﬁf fefaVigp Idafe & t QiafyMaethetOWadlectl | Rrowhi Edimilae

quid extraction with water renoves the | PA
;F@&izjﬁmleymxﬁé GyHs ) OGyHoyipi sl CyHne®sHegh,vind Whereingp and y
0 e line 6, ich caonveys crude | PA to. the ]PA
Sasrepdsaty gandsk em oot doeul L0 lemplieIS o aRoH A g gbout
t : i Al ;
ChE TR ETnaD e o SulR, PPyl St BRUE ik chtRe bclls of he
e;sr‘e@g ﬁiﬁmﬁtioﬁ heaydbpdrate| atdeonhe owetitid®s tlgssribed [apove for other
provides high purity propylene having a purity greater .
temabpdygeRsi ght % preferably greater than 98 wei ght %

ef er h ' d r
BERLPEET S SRy AR SRed o deppenturecy e o

t ptiGalonyofiae alcoht] fremuir elefiurdndewateyr the ipretdscomptising (2)

Soyelng o the TyohokLon okt 2 TIe M P Bhon

t08aLEEE" RO iRkt hiR BLIASI stream comprising the alcohol, the water
and a dialkyl ether; (b) separating the first crude alcohol stream into a water-
alcohol mixture and a dialkyl ether stream; (c) contacting at least a portion of the
dialkyl ether stream with an ether decomposition catalyst to form a crude dialkyl
ether decomposition stream comprising the alcohol, residual dialkyl ether, the
olefin and the water, wherein a molar ratio of the water to the residual dialkyl
ether is less than 3.0; (d) recovering at least a portion of the olefin from the crude
dialkyl ether decomposition stream; () recycling at least a portion of the olefin
recovered in step (d) to step (a); (f) recovering at least a portion of the dialkyl
ether from the crude dialkyl ether decomposition stream to form a second dialkyl
ether stream and a second crude alcohol stream; (g) recycling at least a portion of
the second dialkyl ether stream to step (c); and (h) combining at least a portion of
the second crude alcohol stream with the first crude alcohol stream.

10079] The invention will now be more particularly described with reference to

the following non-limiting Examples. Unless otherwise stated, all percentages are



deconposition process into the propyl ene hydration

process. [0073] In another enbodi nent, as shown in
wWo-2@anss42y t he et her deconposition system conpPCBHES20861012782

et her deconposition unit 22, a flash drum and

condenser 38, instead of a %i‘,f_sti |lation tower 26, and

a wash tower 30. The ether deconposition unit 22 and

the wash tower 32 are generally operated the sane_as

fwghﬂwr@n‘b otherpitin d@ eHo WG expapies RuyiaAipsted to the desired pH

| I I |on r T lL.ash. d
RS s e e T ey

]iggr(ﬁﬁdlegd g&n?%ﬁ@ﬁe @itial pHSOfthagelabout 150 psig (1034

ag) or less than about 180 psig (1241 kPag). The
propyl ene is condensed to a liquid formand recycl ed
via line 34 to the hydration unit 4. [0074] Table 4
ml?%/pi cal, i.e., non-liniting, operating
RO tTl%qaatg%%tsa;ﬂoﬁéd”'ﬁf FRAFRMOS iahH FhiraBA mddeled usmg a
processing I'PE using a catal yst having about 17 \NEIE
%cﬂyamommi ttgmsion nechhiue ¢o atovwéa g%htly Uiewehietrmzls@ft e data.

al yst e 4 exenplifi

A Suisnon (308 APt o 4TS FGBICH e TE BTG Lhd Pole gfes by o
t QN&krs n‘ﬁ)% dﬁf:to} le fdo3s UM AR hlICangReRtred e Fgﬁ)g%fﬁheésﬂres,
one e ment, an aspect of the invention relates to
ancptrabsxﬂmﬁrmsulteme production of an al cohol, the
process conprising (a) reacting an olefin and wat erin
the presence of a catal yst under conditions sufficient
t . ri sing al cohol, and
Sl e O PR 8 act Ja porti on of
t fvesigr Ode }aindmldodmdstwamyrﬁmtgnamm 0d| Z3 6K 1. SHzﬁht?emdnﬁ% grams of

stream and a di er.strea
] esim gulfde pe ‘teﬂémﬂ PHiRyF el Rl of BRES pfgnAnoter
(%lﬁ{loﬁj ggﬁgﬁ o %oﬁ@éntra%elaeNHE@ﬁr afiE ¢ SRS bf dixtilled
yst conp ISI g a m xed netal oxide having the

f olated wias premngad sThéso mwfz(rmlmﬁpﬁsqwtee&roenb(nq:ct atatoolre@ytperatere at
met al sel ect ?d from G ou

eriodi c Tabl.e
Ehie i, SOvny ¥ H B A e P BEIRECRS AoPP ORGP Lpe ™
e e
om@s Nisdraputsial pdym@dpylemenbottles and placed in a steambox (100°C) for 72
hours. The product formed was recovered by filtration, washed with excess water,
and dried overnight at 85°C. The composition of the product was analyzed using
X-ray fluorescence. The elemental analysis for the as-synthesized material was:
Ce - 26 weight %, Zirconium - 47 weight %, and Sulfur - 1.54 weight percent,
corresponding to a mixed metal oxide of formula Zr;CenOqgS: in whichm =1.0,n
=0.36 and r = 0.19. A portion of this material was calcined to 700°C in flowing

air for 3 hours to produce a solid containing a nominal 30% Ce on zirconia.

Elemental analyses indicated that the cerium content was 26% by weight.

Example 2. IPE Decomposition over Ce/ZrO;
[0082] The decomposition of isopropyl ether (IPE) was investigated in a fixed-bed

microreactor. 0.5 gram of the calcined catalyst of Example 1 was loaded into a



Goups 7, 8, and 11 of the Periodic Table of Elenents;
m n, p, and q are the atomc ratios of their
WO e®pasrve conponents and, when mis 1, n i s PCDOS2006/012782
about 0.01 to about 0.75, pis fromO to about 0.1,
and g is the nunber of oxyggg atons necessary to
satisfy the val ence of the other conponents, to forma

crude di al kyl ether deconposition stre cao .sin

ladeatsi stegh a%’a@r%fhaﬁi,ng(a@) oqrigéeoélém% 0§ 0-37e86h Lo-pa); g} was

ggiet hv%th e];f ﬂ)d%@.) %3#8%3ﬁr Hl?? @"’/@,%ﬁﬁkic@t\bg fed to the reactor at a
écgn”poy tifon stiea ng es recycling at Teast a

PWEHSVOBE 6fhrt h®eadief prssuee ome kmebspherit eProfiagts twers teglyzed by
(a). |0076] In another enbodi ment an aspect of the
i onlingt iGps Chtomasegrephyt hel bl de SYNMAEES: e Rerfermanee of the

di al kyl ether .dec Lt t I: | dual
o B R ATR R RS PR A R Bet b
step of recycling at |east a portion of the residual

di al kyl ether to stepé}&g). I n anot her enbodi nent an
dPpeCenvessiartie (IPHrent - dRExefEEes t 0 t he process wherein

at. le a por.tion, of e al cohpl m t he crude
dW}é?fR;?ép@ﬂlﬁ*éF hc?e‘_?f‘o(?p"&f? T e protbict oA ™ i ned with
t NRer@IBNOls RO LARNBLIPE ingheRedD) . [0077] 1 n anot her
enbodi nent an aspect of the invention relates to a

piPdc Egsvension iR icagict ABAg@b-a€tH Atictngicadf ol ef i n ;
' i | ef i dr.at i .pr.
cOhgF Ay hestediel FhAPEaR Ry PhBFRaRaUl Mo IRIER

t A& oRip8bdgn hydration process with an ether

deconposi i on catal yst, the ether deconposition
caheakJBA aamsrtheswhip ef IfiAxiadhemrodictoxi de havi ng t he

foll gwi ng.cor Iti mYnZROg where X is at | east one
n@@gwggg’é@tggp Péﬁ‘&g‘%ﬁﬁe%ﬁof the Periodic Table of
Eipeend g _erhs%%atIPEf@ﬁﬁve@r& Btakelsahest ed from Goup

3 (1 ncluding the Lant hani des and Actinides) and G oup

6 of theI Peri odi E : me _'ﬁioia OﬁmHCIa'/'MO E | east

Por | oci|d HRSIG 51 @ enent 5. m nl p. AN o dre 110

at oni ¢ |Hine@s Nfeata@i) respective con@dnents andplwhen

m LT RS (o oo O e s Trom

necessgrropydensat i sfy the val ence|of ¢h&6ot her 55.69
Isopropanol 31.09 27.21
Isopropyl ether 24.16 10.00
C¢’s 0.07 0.09
Co’s 0.03 0.00
Ci2’s 0.00 0.00
Water 3.55 6.96
IPE Conversion (%) 75.8 90.0
IPA Conversion (%) 30.3 48.6
Propylene Selectivity (%) 99.7 99.8
IPA Selectivity (%) 69.8 514
IPA Yield 52.9 46.3

[0083] As the data of Table 1 show, the ceria-zirconia catalyst achieves high



conponents, to forma crude dial kyl ether

deconposition stream conprising an al cohol and an
wWo@b@hilsg47§ b) recovering at |east a portion of PE¢EUS2006/012782

olefin fromthe crude dial kyl ether deconposition

stream and (c) using at least a portion of the olefin

recovered in step (b) in the&o6el efin hydration process

used to make the dial kyl ether deconposed in step (a).

0 Q08 G RASE R 1&99?%5] BEED OfPrM?.féubH‘()?'ﬁ%ﬁ%f‘fbne dlmers
q Ares 1o a process e production of alcohols by
daln@' tiﬁ&ﬁerﬁ& i, wheh: exipasictitenions hethpradesd 800 ppm Hr ty dimer.

(a) reacting a mxture of olefins an
O BT eSSt BPOETG 6 POHE St OB oS TPE.

a first_cprud h
GRS L oD AL SR IBATY iy giak e
MhaviatiaBesOdf il @bkyeksigt HEIPE to (ﬂﬁdpyﬂﬁﬁomﬂucﬁm@realucﬂlceﬁmtseparatlon
portion of the first mxture of d| al ky I et hers; S

comuplexibngf the Ieé@l§flg étrﬁfém foRropylepg éalf ibe gnote; readitse Separated
g\lé%%g@é o@ﬁ E]h ! S r € %rtleo% aotluﬁsi%her ( g%chEdt Qac@ntoeﬁlg QSopropanol

composi t
cgltaﬁﬁﬁégﬁmﬁgmch@ ng a m xed netal oxide havi ng the
foll owi ng conposition XmynZpOg where X is at | east one
nmetal selected from G oup 4 of the Periodic Table of

ted f G
e e YD br e NE S 2F0R b0 o & oup
[0@55]t t1’1%e P@Jcbﬁ%bﬁtla_@tﬂfe s@bbdeleeant S(SBM %at Snedstig@tadton the

one netal selected from Goups 7, 8, and 11 of the
Pealcindd &e‘[&ﬂﬁ)zecaﬁalyﬁl erepared at rﬁxamplq)l af#e prapesuge, described at

raomcrtlos eir respective co t

mamgle' fwsS TpflgmrdBetiet 6 e BB R TRa a8, 3 dep BT ether
éﬁ]@E Q\QﬂhtthQ b&lanamen?% ndsthhes RUWTRE! waf fedxy @lﬁﬁreacttefmt a WHSV
cesdary to sati sf he val ence of the ot her

c ofipdwenRsacterpressurg \aascimp@g (343 4Bae). ePredpcts were analyzed by on-

osition streamc i.sing a sec
STEETERS RS T 7 My TR i f s, 0
81?%?1{13)19& B Al8a%He ButRRkicofividbs thBffeesOmRdctitnttmperanires.
ns fromthe first crude dial kyl ether

deconp03|t|on stream and (e) recycling at least a
poron of they i e oeoer i L1 159, (g <1 o
i nvention




relates to the process wherein the crude dial kyl ether

deconposition stream conpri ses at | east one dial kyl
werdven3s4zind t he process further conprises the BCEPS2006/012782

ofrecycling at least a portion of the at |east one

di al kyl ether to step (c). In another enbodi nent an

aspect of the invention rel@Ues to the process wherein

at |least a porti on of the second m xture of al cohols

fromt ct uu,Ec' u<¢ | cthgr—dgrormn USIztlbon STT >
conbi ng GWFHUSQ aparti'on off the fidst mxte

of al cnﬁuhsonsheaméhrénbodl nent2an dspe#t of| théS

i nvent MBILAT Hfositthnt N€ prjocess wherern the Tirst
m xture ' at—l-east—two—gl-efths
havi ng| i dmimeae CxH x and %H’&‘SO at| | & thwo APRohol s
havi ng[TQbHIK h@e Q(H2x+| OH a|nd 2(3/3—|2y+| G4 and a3.91 eas

two di & !\ H—ethers—seleeted ot
Oxhx+] GXSPRIETe oy pye 10Oy AB08 | ahfo0 | 1896
CxH2x+1 Oy Bitdne and whereip X1388d y ilﬁ].dlépendéﬁt(]Oy

range fron ouf—2 o apout| 1q; @ ter vary
about SF%BEIE 4 _and wher kfl)(lg:-'ln‘l \r/]ja'zgrp not nmlgj__

Thi s efiS®®# ment of the process&a&oof t He3br dsent.26
I nvent i %téﬁ%o gfate under|thg ggon 1| tsoqgs desggrggbec

above flor other enbodimentsl— 00781 H-n—yet—anet

Q0-78] et—ARe
enbodi re¥eter t he i nvention rkl a% é3 to processéégr tlhe
pr oduct |gy]gggn@§g1@ﬂ gﬁol frpm ggnsol (=fi917.@nd Wa9R6, tlhe
proces‘ cepf+Sth feacttn retToteftmjerd

wat er i{r® Q%Y%%glﬁbéj of a catalyst |untie mnd??e Pon
suf fi ci| SBA Beledtbiitn (Bo)f i r st £r ude7al ohtl.4 sty ear®.7
conpri stng—tte—atconot;,the water and a di al Kyl et her;
(b) separating the first crude al cohol streaminto a
Wab& alhgoiReldatd ¥t dubleal Ghawd IrﬁislkxgIthettdsrﬁpersmlrcepmmcétes) higher
contacting at |east a paortion of the di al ky

seaarsion ©hSBR wingdhe gadd Aot caalysh él“i'/léfﬁlstog tg"opm@mers
d | kyl t .
RGO BT REA SRB m

t hpeHRher didWast eiafy amgﬁiﬁeernﬂlyamm Ofmd hm smjaar dro tenhgerature,
resi dual dial kyl ether is less than

r sugspelingifatdhere dnkitle Asomesrizaiion ‘OKIDERISKS 1A thss 5PPEES-
crude di al kyl ether deconposition stream (e)

recycling at least a portion of the olefin
Example 4. Synthesis of Ce/ZrO; (24 wt.% Ce)

—*

[0087] A Ce/ZrO, mixed oxide catalyst having a nominal 24% Ce on zirconia was
prepared by a procedure similar to that of Example 1. The elemental analysis of
the as-synthesized material was: Ce - 23.2 weight %, Zirconium - 46.3 weight %,
and Sulfur - 2.82 weight percent, corresponding to a mixed metal oxide of formula
ZrmCenOgS; in which m = 1.0, n = 0.33 and r = 0.35. A portion of this material
was calcined to 700°C in flowing air for 3 hours to produce a solid containing a

nominal 24% Ce on zirconia.

Example 5. SBE Decomposition and SBA Recovery over 24% Ce/ZrO;
10088] The decomposition of SBE and recovery of SBA were investigated for the
Ce/ZrO2 catalyst of Example 4. The procedure of Example 3 was followed except



recovered in step (d) to step (a); (f) recovering at
| east a portion of the dialkyl ether fromthe crude
waele@bl§d478t her deconposition streamto form a BEDUSH06/012782
di al kyl ether stream and a second crude al coho
stream (g) recycling at least a portion of the second
di al kyl ether streamto stepg(c); and (h) conbining at
| east a portion of the second crude al cohol stream
with the first crud | cohaol strea 007 T
R CHIEC e, Aot e lég‘ng‘?*Pwyaﬁsy“’afg%éP e tragior e =
{ﬁﬁ/‘i‘?@% 120 rdtfdCof 100.| RUARG f1efutd Wad $mﬁsi§>@4ﬂﬂk}§aﬁ‘g?{ Products
Al 858 Ot Ner W se stated, all percentages arewei ght
peecentalyZEde bptbi-ting Heasf 6lhkramitngraphoanpTeblewd sswaiperstes dthe
to the desired pH with the addition of either _—
cemmyeisiona pe PR | g rsRvEEiog 8? %?oAhc%THf fhg E’B&Bﬁr&?ﬁ’%““’ at
hy. ' dependin the initial pH of the gel. :
lg%%ﬁgggr1gsﬁfuﬁﬁgnggta sets plotted in Figures 3, 4,
and 5 have been nodel ed using a pol ynom al regression
technique to provide easily viewed trend |ines of the
data. Al pressures in kPag units were cal cul ated by
mul tiplying the psig values by a conversion factor of
6. 895, which neans all kPag pressures are gauge
pressures, not absolute pressures. Exanple 1.
Synthesis of Ce/ZrO 2 (30 w.% Ce) [0081] One hundred
and twenty-five grams of ZrOd 2.8H20 and 52 grans of
ceriumsulfate were dissolved with stirring in 1.5
liters of distilled water. Another solution containing
65 gram of concentrated NHAOH and 1.5 liters of
distilled water was prepared. These two solutions were
conmbi ned at roomtenperature at the rate of 50 mM/mn
using a nozzle mxer. The pH of this conbined m xture
was adjusted to 8 with the addition of concentrated
sul furic acid (H2SO™) . This slurry was then put in
pol ypropyl ene bottles and placed in a steanbox (100C)
for 72 hours. The product forned was recovered by
filtration, washed with excess water, and dried
over ni ght at 85C. The conposition of the product was
anal yzed usi ng




X-ray fluorescence. The elenental analysis for the

as-synthesi zed material was: Ce - 26 weight %
wQ@reoe08840N - 47 wei ght % and Sul fur - 1.54 weP@hUsS2006/012782

percent, corresponding to a m xed netal oxide of

formula ZrnCenOqSr in which m= 1.0, n = 0.36 and r =

0.19. A portion of this mategial was calcined to 700C

inflowng air for 3 hours to produce a solid

taini | 30% Ce
anal y BB #n GPECD oL B SBA RTFCEOH U s SRy
wei ghtr. %I%p%{#&hge 'PE"DeCQnpoghg | onj oves OCe/ ZrO 2

| 0082] ﬂ Ltion- of soepr npy at hgr E) was

CTTCTITCT

i nvest| Haeeah $team firked- bed ni i QPor ealctor 650.5 yr am of
the c rﬂoggg&ﬁ\ﬁlﬁjsﬁ%(g,ftcygxanpl e 1 was |oaded {nto
ast ai nl-ess—steel—+reaetor ey ﬁ"' opt-st di—afret er of
0.375 | hBAEPS. 5nm) _and was i Bdtw Nzoinga)c.

| sopr opbbh@bker (99% Al dri ch)lv‘l«ﬁs fad tb87he feactor

at a Sv—of—6—hr"—t—Readtor essure
at nosph WEZWWUMS wer e anapg;pd ny n%\@?l nel Gas

Chr oma} CgraBlajene Tabl e 1 surlmar #@s t he p&PPor mpnce of

t he caldgl & drfferent [reagfhigon {e ret ures,
usi ng Eepcy n?alnn\/\n ng definitl nng 9! RPE Ccn‘gg’aﬂl 8 =
(1 PEp [8BEct - | PEf eed)/ | HEf edPWhefe | PRLpr Ouct is
the wt [F ﬁlCag} fing the pro uct45m;1| wher et REf ¢ed i s

the wt Hi—the—feed: €on clb.kd = :
(1 PAt he W%%rl cal -1 PAp roduCt) At heor e?i gal ) _Iwher e
| PAt hepRBE (g@ivemdxh(%)r etical | A\6pr ofluce@4.2 '
stoi ch —Cat T nTter T PEX] comre | PA

pr Qduc g é?ﬂléveﬁl&%‘yf | PA | n 1"& gselnr H"III(‘S 1I P A
Sel ect | 8By SeledtPiyrtduct / (| PAt B4 et il cai PHBPA Yi el d

(per pass) = rPE Conversion x TPA Selectivity. Table 1
- | PE Decom position over Ce/ ZrO? | 0083] As the data

{ %ib!l"ﬁe dats 3PWa I?IE ReLERI thﬁt BLIEERRE Vafed bappteiseatieidelpdration

onversion o conver si | PA.
Pp ¢ Bricps %ﬁr@mxn@ﬁéﬂag FPé?rss CEhg Dt PP o[ls.s‘l%@ | ow,
with exit concentrations on the order of 800 ppm for
t ﬁ?aﬂbfﬁeﬁ’. ‘Decomposition of commercial IPE in pilot plant testing

[0090] The decomposition of isopropyl ether (IPE) was investigated in a pilot
plant with a fixed-bed reactor. 40 grams of a calcined catalyst similar to the
catalyst of Example 1, except that the cerium loading was 17 wt.%, was loaded
into the pilot plant reactor and was dried with N, at 200°C. Isopropyl ether, from
a commercial IPA manufacturing process, was fed to the reactor under conditions
shown in Table 4. The feed IPE composition was about 93 wt.% IPE, less than 1
wt.% water, about 5 wt.% IPA, with the remainder including Cs hydrocarbons
compounds, and light oxygenates including n-propyl alcohol and ketones. Water
was added as needed to provide the desired water to IPE ratio. Products were
analyzed by on-line Gas Chromatography. Table 4 summarizes the performance
of the catalyst at different reaction temperatures, pressure, WHSYV, and water to

IPE molar ratio.



[0084] By raising the tenperature, it is possible to
achi eve full conversion of IPE, but this comes at the

W@ o®b/18%473 ncr eased conversion of | PA to propyl BOIEUSZhe012782

advant ages of full conversion of |IPE to propyl ene
include a reduction in separation conplexity of the
resulting stream as propyl ejpe can be nore readily
separat ed using a flash drumor distillation colum

and recycled b e anol facturing
pr ocess. ﬂ@B&‘ﬂﬁ Sﬁsﬂﬁgeﬁf%ﬁ@é’\?@w%’ﬁ% Cel Zr O
2 1T8088] i Se @/FPE ST Tier: VTR
was zﬁr}lé}est ga?rgg on th Wplhm M d]_g{ % b5§t
pr| &P Exanpl e 1. The prqcedure esc gat
amle 2 was foll owed 3 feed—strepm f‘unta A ng
S eH5e ot 355 elber | SHEY S i 1103 hd2nal hacd) nGb ng
mlst90/6238 ¢l eRiths26@vas| f &t § o |t hed.8 edét or| at4&- §HSV| of

5 [hri2d/827 Réachen - peEsslr g was |50 @8k @.2( 34p k&agho
Priog €ogpahyzed| Dy: N rp ge@phy.
T b&wéﬁBUIlllu??gcgy%ilﬁ LUSII\?@BI ST Uﬁ) giagb(g; [wﬁlé@
conversion of SBA and the butane selectivities at
d'[dcogﬁr TRt FiBRES B QRJ LR Mellsqser pheidl@sd tendpBfature data. The
onposi tion over 30% CezZr O 0086] As the data of .
Tdbﬂaefoﬂ tlshd0q peigi (slBﬁsg kPhg) eempdifiss anethardinspEpOsighseacting

Con er§%|§ itk 1(1){ Hg\E’;V gﬁﬂbg?ogﬁtg&%g Ih;cgu {11 b% u%gltufll MBL data for

C%C%Ot pak | Q§ Rba ft)h&eg)pﬁﬁ@é Nt Bihker |deb@ﬁ<19@§tl@ﬂdeactmg under
2,3,3-trine pent ene did not varé significantl

vvlcblhdmormemowhlsh raeﬁashodrutnemleuatdan@r ostusefgl-t Ae dhta for
there i tle nme n taki ng place anong these
5 Sés a@%ﬁfﬁﬂlé&sﬁe%% “LL? s of Ce/ZrO 2 (24 w.% Ce)

|0087] A Ce/ ZrC2 m xed oxi de catal yst having a

nom nal 24% Ce on zirconia was prepared bé a procedure
si[epotjain Tebleh &tand 6, Encdﬁﬁlcemlerswh@s edladatpd asegmtyg difference

of .the as:-s e |aI

oot e wORn AR PR B el Bhe s it QL IP jp 1 y0giR B ppgomes
PeL4 SRE mAAO Bf 9P ANGh D& tddo BnBin¥se oW@'an@ ¥hélenhddd of propylene
formula Zr 1CenQqSr in which m= 1.0, n = 0.33 and r_ =

0.13%.1IPA sebactivioy im$onnd casesraxasedsnl 00% since this value is based on the

moles of IPA in the product divided by the difference in the number of moles of

IPE in the feed and the number of moles in the products. However, since some
IPE can also decompose by hydration of the IPE to give two moles of IPA and no
propylene, this hydration of IPE can result in the IPA selectivity exceeding 100%.
The IPA wt.% yield is calculated by multiplying the IPA conversion and the IPA

selectivity.



was cal cined to 7000C in flowing air for 3 hours to

produce a solid containing a nomnal 24% Ce on
wQRoensi4zs Exanpl e 5. SBE Deconposition and SBECT/US2006/012782

Recovery over 24% Ce/ ZrO 2 | 0088] The deconposition of

SBE and recovery of SBA were investigated for the

Cel/ Zr Q2 catal yst of Exanple.#A- The procedure of

Exanpl e 3 was foll owed exceptwater (HPLC gr ade,

Co f .
e B PG DR I W R iy 20 Sy L] TOGhEFcfe
psi g (B2hekPa JTen%Eér Idts yere apal yzed Oy oealijne Gas
Chr ongt ogr aphy Q@mgd Ed%l%onvgeﬁ; on of
SBE, tijhe conver si on of " [ e wi.o,
sel ectlivities at—diff renL?:ac i of
t enperjat udes ] ahP899 - |spEbBconbosi$8an 2.
Recovelry Bver | 2494@87zrlcp [0889] | Th2dht al ofi5Bah) e 3
show tlhat 3co-{eed@B0g wat er 78.8ppr ess€8.7t he| déhpdr it i on
of SBA togbut ¢gnep7pher gby Bagreasi ngozhe sebgoti pity

tovar ds—SBA.xanghg 6.| Degonpos| tipiy.@f Ccoaywr c| al
| PE i nfpi I6UI. ptar L7 test] ng79§wu THe. deconggﬁlt on of

i sopro 1 -0

pl aﬁt witHa f i xdd Ued mn'gé i 43a 4@150 of 1§'3ca ci ned
cat al ypt Si millar 2168 t he i‘()\/ct of F(&gnrp 4@-0 ekcept
that the Qeri um I288&i ng %8.8as oagiZd nt o

the pi) ot 1l ant réact or anéOx&as dri 8. nith M28t POOC.

| sopropyl 1et her, 2700m a| como®r ci al [7RA maphufSact ufi ng
procesS, was Ted to the reactor under conditions shown
in Table 4. The feed | PE conposition was about 93 w. % -
| Fabld s30 PRHG Dhtwt‘mommv\ér% WéblﬂJPestaﬁs Vi $usAl empperpture

the re i nrh:r | nr\l udl ne f‘ﬁ e an

B A o€ oRs—eprpaurds, and
|i ght ox;ﬂjg’nat estemit Gidilng :[rlﬁ% T onbl BAy
ket ones. Waterl was added Vﬁ@é,fd’easecl"c?t%% |Héelf1he
desirefd water |to | PE ratli 0. WhRbodubts were|aidl%zed by
on-ling Gas Chronm®o@r aghy. 6d0.abl e| 4 Budmari 2ZBD t he
per f or fance of] t hesgatallystsab di ffegrat feawii on
t enper gt UrEs, |Presegig e, [VHSY, 7and| waber 10 g mpl ar
rati o. fabte41tP4&yietd v Us Re r—Congig1ons
St WRR 2.8 g5 922 2
E gg‘gél |||C5 L \\,_uu Czﬁl](ﬁgall '-l- Zi,I]I\éVV yr<i éllbzpCI 9) _)b_ vYer sus
6 240.0 32.6 101.7 33.1
7 255.0 81.0 67.6 54.8
8 270.0 81.4 51.7 42.0
9 240.0 37.8 81.7 30.9
10 239.9 32.4 103.9 33.6
11 270.0 94.6 33.6 31.8
12 270.1 96.5 25.0 24.2

[0093] The data in Tables 5 and 6, see Figures 3 and 4, show the relationship of
temperature to conversion and selectivity for the decomposition of IPE. As the
ether decomposition temperature increases, the conversion of the ether
decomposition increases, but selectivity of the ether decomposition to IPA
decreases. A maximum single pass yield of IPA from IPE of between about 50
weight % and about 60 weight % can be obtained by controlling the temperature,

pressure, flow rate and water injection ratio. Alternatively, a lower single pass



data for the 200 psig (1379 kPag) exenplifies an ether

deconposition reacting under conditions in which a
waele®bisd423 i on tower 26 woul d be useful. The dap@r/i/82006/012782

the 50 psig (345 kPag) exenplifies an ether

deconposition reacting under conditions in which a

flash drum and condenser wodRd be useful. The data for

Figures 3 and 4 are in Tables 12 and 13. [0092] In

o . | .
T o Bpcy RN il 34
taaunei ghiecpdle lditeri 8 inkeeapgdodue tto alvtveds®un@Sidnhat tigs ¢ower

mole of IPE is converted to one nole of | PA and one
Aemeet8fer opyl ene. The | PA selectivity in sone cases

N I R
rMahey, @mpshés f@m HREether townipedioand IPHenbtbabe ks fe ether

nol es in the products. However, since sone | PE can
aleeempesibrmpisswernurp yireasednHewevere cyemmt dlee highestitomperatures

| es o and no..propyl ene, .t his hydrati-gn.of .1 P
R BPuCn e R e R BB 3 Sl RO pfar the
lefifdr WecStoydsaloh resctionlat 0 @Ce dFiBire Mbhbive kit g ﬁé}g)abs%ei ht %
conversion and the | PA selectivity. Table 5 -~ 200 PSIé
Od impfuties IPAbayt 105 Weight!VFera Papsraiwre ofigbopé BBEFGt Thedata for

ble . 6 . 50.PS| ta for |PAW.%Yield Per Pass
3§$§ﬁg1%3%%%?5?%&%;?0093] The data in Tables 5 and 6,
§6s)F BH4e® Sn Ih@Qdkadn TAHRWT! Berhfdratuk OB HsP 11dn about 280°C is
tenperature to conversion and selectivity for the

dlesivahpo vithirespeefto mpintaingng total émhenitiasde desp dlaAnt erogqual to about

t.enperat yre inc ses, the ion of 1he .ether.

dev il Vo PesiORh S e dnet M SR RURGRR (S Rl Btinato s
dﬁcﬁp@ﬂoa}fﬁhu QibotiO1.h RRki S0k SRS RSabIN ¥R M UBLE! DAI°E tB&Sintai
yield o .!SA ?ron1|PEggf %@?m@%ﬁﬁébou€'50 meightt%aadgmn
abteliimpOitigsite hess dhanaer eaiabby abawd. byvetghn p,aptiefangply bess than

t fl d t I nj ' .
AR TG U CE PRI QP Pt rd AR e RaBGh te Hhoa 0F Weight
logWerefdr 1P @68 thide a1 2d 0BE 16l @sdial @tdl qm'tpuﬁﬁesl%@ 1ds8®han or
selectivity, but the amount of recycle ether is

iequaletasahguti0€ weigholie rand aneierahily tesatthanhabdup\i$0°C to maintain
ttgtgpl%gpautrllflires? to less than or equal to about 0.6 weight %.




[0094] Figure 5 shows that certain inpurities,

typically a mxture of C,
WO e sd3es et her deconpositi on of
et her deconposition tenperature increases.
even at the highest tenperatures of about 28C0C,

t

C6, C7 and C + compounds,
| PE i ncrease BRT/UBZ06/012782
However ,

he

inpurities were generally lggs than twice their val ues
for the ether decorrposi tion reacti on at 2300C. Figure

5 shows t hat [ %.0 ies is
about 1.5 M@W&ﬁgf)‘pﬁaﬁt Iﬁ%a" AL se BB bocnc
Netemat[avEiabe BEOUr €| SOuferldsst @dOtker @RI ¢ OtherUORO]| Other C9s+
Based qeehpecdata ip Table, 7, |a twaperaturewghb,l esls  wt%
tnarf agout ZBPT TS desTTaphp Wi Th TgSPECT 1O N 0.00
Y A 5T Al A 11 S A
tto i ntai nzflf pal i mllrl t |QBQ11tn less $9An or annliﬁ to 0.45
dbodt 1. 1 waBBRt % |prefer®®ld) | ess thfi] about @30C 0.43
tto ai ntai n2600al i fpuri ti®@80%fo | ess A1HN or equah| to 0.35
gboyt 0.7 werglgt Oo preferppigl | ess tgmy) about gpsoC 0.37
qo [Hll[dlll dl UH[I 0|ess n or e L0
'bC"?t —F ”289%+ n/q pret ci‘(iﬁgé ess— 'li2 auuutq&as‘ 8€ 0.37
loain | : #l o 036
dbodt Q.7 wertdwlt % [and pre®Hably | €535\t han ab@udy 0.41
230DC tjo mai2dvai n total i nMpOl{ti es t dD.24ss t han0.37 0.39
gqua] tlo abouy 70. 6 \wei ght goddbl e 7 -0.24|l ot Pl aope| - 0.40
ljeayj es| ver sus jTenperat ur e, 96] AlTg sigcunentsg o7 0.40
ic M ¥ T llt,uréjmft ed Uy (525 :—)L?ilus’ﬁﬁ‘llul m, 0.93'
d o aront Dl s ho (02tos g 8Bl 042
q ion Zéﬁc? t he|speci f9-80%nbodi meh?4, while008kpng - 0.43
aof the | nverdn haye been0.D10ust r at edi2Hnd desciOBed, 0.38
var ipus| nodigiizoat i ons can ¢peogade W thosit depar 9j18p 0.35
froq@tJne SpifskTy and scope @pig[ne Tnvembijon. 0.28] 0.38
frI R M%_%i% PN 7 AR ]
rodtictli o rﬁsﬁ’n al dohol ¢ %rl Si nq\()g a)‘ 0.58
rleaé?ing an 25#éf in and wat@P19ln th 83lence of 0#9 0.54
dat 2B yst unded.9 0.012 0.27 0.06 0.46
24 254.8 0.012 0.26 0.03 0.46
25 270.1 0.035 0.43 0.07 0.75
26 269.9 0.008 0.37 0.05 0.37
27 270.0 0.026 0.38 0.05 0.63
28 270.1 0.027 0.41 0.07 0.65
29 280.0 0.034 0.49 0.19 0.78

[0096] All documents described herein are incorporated by reference herein,

. including any priority documents and/or testing procedures. As is appatent from

the foregoing general description and the specific embodiments, while forms of

the invention have been illustrated and described, various modifications can be

made without departing from the spirit and scope of the invention. Accordingly, it

is not intended that the invention be limited thereby.




conditions sufficient to forma crude al cohol stream
conprising the al cohol and a dial kyl ether; (D)
waeepansi4rhg at | east a portion of the crude al PONUE2006/012782
streaminto an al cohol -contai ning stream and a di al kyl
ether stream (c) contacting at |east a portion of the
di al kyl ether streamw th an4et her deconposition
catal yst, the ether deconposition catalyst conprising:
a_mxed netal oxide having the follow ng conposition:
:is at | east one netal selected from Goup 4 of
the Periodic Table of Elenents, Y is at |east one
netal selected from Group 3 (including the Lanthani des
aNd CAditri: ni des) and Group 6 of the Periodic Table of
El ements and Z is at | east one netal selected from

oups, 7, 8, and 11 of .t he.Per.i odic, Tabl e of FEl nts;
3 °nP % prossss " theatodhting B TEAF AR Gbd BRbeFssioppr R
r SSptec(%}. ve LOMMENENbRARNMAd WP iMthe pleseritel 6f &re@flyst under
abou :

01 to about 0.75, pis fromO to about 0.1, .
and q is thenditivoesuffitieokipform atandse slechwd seam geomprising the

satisfy the val enc f the. other conponents, to forma
crude di al @Fﬁ@?ﬂ%‘fag’égﬁ'ﬂﬁ%hi on stream conpri sing
the al gohol Ste?%qgf)%%t ‘ri]’éa?{ hborfidh of ARO¥RHE Rcokbl k@&SH ifto an

portion’ of romthe crude dial kyl ether
deconposi t i loolsilceatainimndrepm)andecialkygghatstieamst a

PO o, S SheTL L PCNered 1 SLeR. (Lo, i o
L 2 A G s e carppaan, s
conpri ses témmmigm:of recycling at | east a portion of
the res duaél mixed metal oxide having the following composition:
XmYnZpOq
where X is at least one metal selected from Group 4 of the Periodic
Table of Elements, Y is at least one metal selected from Group 3
(including the Lanthanides and Actinides) and Group 6 of the
Periodic Table of Elements and Z is at least one metal selected
from Groups 7, 8, and 11 of the Periodic Table of Elements; m, n,
p, and q are the atomic ratios of their respective components and,
when m is 1, n is from about 0.01 to about 0.75, p is from 0 to
about 0.1, and q is the number of oxygen atoms necessary to satisfy
the valence of the other components,
to form a crude dialkyl ether decomposition stream comprising the
alcohol and the olefin;
(d)  recovering at least a portion of the olefin from the crude dialkyl

ether decomposition stream; and

(e) recycling at least a portion of the olefin recovered in step (d) to step

(a).



di al kyl ether to step (c). 3. The process according to
Claiml1l, wherein at |east a portion of the al cohol

wo e@ansdaes crude di al kyl et her deconposition stPEHDS1086/012782
conbined with the al cohol obtained at step (b). 4. The
process according to any one of the preceding clains,
wherein the dial kyl ether ha&s-a fornmul a
CxH2x+] OCxH2x+], wherein x ranges from about 2 to
about 10. 5. The process according to Claim4, wherein.
x ranges from2 to 4. 6. The process according to any
dhe ofTHeh@rquesc edidrding! & Haimmierehareiat dr Cajdei diatkyl ether
direct ol efin_hydration process. or. an_indirect olefin
hydr atdespmppges stream cm&%%tﬂ@%ﬁb@@l%i«yaie#&r{ andoithg pyocess

6. wherei . . . et _ ‘
pr ocegﬁgﬁgnda%rﬁlgﬂ%?zﬂé%:? tegloglfr Fﬁ}ehﬁ r gﬁ%agtngg}ragg@sgpthe residual

oper atdisikal etherfito 8&pYE)e rangi ng from about 200 psig
(1379 kPag) to about 2000 psig (13790 kPag), a :
tenperature rangi ng from about 800C to about 12Q0C, a

i f . . ;
it or TR BB aPOHBRENS chish bt PR ity S5 fogh

about 26n e erideedisiaiBbtiat d&ompoiiton fsiredh d€icdinbined with the
resins, solid phosphoric acid (SPA) catal ysts, acidic
zeol i tadeohod ebtathedwt sep 6Xi de catal ysts, mi xed net al

oxi des, and silicotungstate catal ysts. 8. The process
according to Claim6, wherein step (a) is an indirect

of ef i Ty PFoRbdsOfchFIREE 86 adNdnd BE the didcedihg Wighdsh wherein the
hydration process operates at a pressure ranging from -
about cs@lkpgﬂger(lgma maglp GblaldatH500Vhereig X Bagekber)about
ate {Oatuqlﬁ 6angi ng from about 650C to about 12Q0C,

a WHS aarpé)i b'from about 0.2 hr 1 to about 0.8 hr 1,

a water to al cohol nolar ratio ranging fromabout 1 to
about 4, and the catal yst selected fromsulfuric acid

ahd phblspreesss agesirding %0 Clpire dprbersisx sanges Bomg2 taot-any
one of the preceding clains, wherein step (d)
6. The process according to any one of the preceding claims, wherein step (a)

is a direct olefin hydration process or an indirect olefin hydration process.

7. The process according to Claim 6, wherein step (a) is a direct olefin
hydration process and the direct olefin hydration process operates at a
pressure ranging from about 200 psig (1379 kPag) to about 2000 psig
(13790 kPag), a temperature ranging from about 80°C to about 120°C, a
WHSV ranging from about 0.1 hr”! to about 5 hr”*, a water to alcohol molar
ratio ranging from about 0.1 to about 20, and the catalyst selected from
acidic resins, solid phosphoric acid (SPA) catalysts, acidic zeolites, solid

metal oxide catalysts, mixed metal oxides, and silicotungstate catalysts.

8. The process according to Claim 6, wherein step (a) is an indirect olefin
hydration process and the indirect olefin hydration process operates at a

pressure ranging from about 50 psig (345 kPag) to about 500 psig (3448



conprises a distillation. 10. The process according to

any one of the preceding clains, wherein step (c)
wWo@p®sAasa3s at a pressure rangi ng from about 0 pRCTUSI06/012782

kPag) to about 500 psig (3448 kPag). 11. The process

according to Caim 10, wherein step (c) operates at a

pressure rangi ng from about -0 psig (345 kPag) to

about 250 psig (1724 kPag). 12. The process accordi ng

to an ' = ' %}aée
a pr egéﬁ&g’ ?ger?gé e%ﬂ%r%rﬁglg \gﬂﬁ %@t?gﬁg t% %%‘%p ag) %tvgﬁs.v
about 2h@inpst@n aBAAD. KREg) abdR.0.The', promeass adwbol tohg ratio

to any one of the preceding clains, wherein step (c) .
oper at Baging HomEbout hrigiakgult 4.0mdathe wetalyst selecigd fiony sylfuric

hr 1 .. 14. Th ofs) according to Caim10, wherein
step (%Slégﬁipg s@égrg gczd'V\HSV rangi ng fromabout 1 hr 1

to 100 hr 1 . 15. The process according to any one of
the preceding clains, wherein a nolar ratio of water
t 8. di allky praseiseaccordingds any ons elbbe prageding glaiggsuvheseip sieg (d)

step (Q. 16. The..pr.ocess according to Caim 15,
wher ei ﬁgr{lﬁréselsr&lé;ﬁ?ﬂ]laﬁ?l?‘o of water to dial kyl ether

ranges from about 0.5 to about 2.0.17. The process
according to any one of the preceding clains, wherein
am0.al cdhelprogessl atcgrdinggassy pangbtheprensdiagslaimsovhestighstep ()

% t bout. 90 weight % 18.. Th i .
0 oSt e e Bl B J550) gl o i
from appm;lgjag%y\ei ght % to about 60 weight % 19. The

|

process accor g to any one of the preceding clains,
wherein the olefin recovered in step (d) has a purity

t t about 95 ight 9 . _.Ih
adbor ditht P oo e e §0-Tasipg el &) Aoe igh PR
the at ranging from about 50 psig (345 kPag) to about 250 psig (1724 kPag).

12.  The process according to any one of claims 1-9, wherein step (c) operates
at a pressure ranging from about 150 psig (1034 kPag) to about 210 psig
(1448 kPag).

13.  The process according to any one of the preceding claims, wherein step (c)

operates at a WHSV ranging from about 0.1 hr! to 250 hr'.

14.  The process according to Claim 10, wherein step (c) operates at a WHSV
ranging from about 1 hr! to 100 hr'.

15.  The process according to any one of the preceding claims, wherein a molar

ratio of water to dialkyl ether ranges from about 0.1 to about 5.0 in step

(c).

16.  The process according to Claim 15, wherein the molar ratio of water to

dialkyl ether ranges from about 0.5 to about 2.0.



| east one netal selected fromGoup 3 and G oup 6 of
the Periodic Table of Elenments conprises cerium the
wW@rookeswrs one netal selected from Goup 4 of tPEI/US2006/012782
Periodic Table of Elenents conprises zirconium n is
fromabout 0.02 to about 0.06, and p is from about O
to about 0.05. 21. The prog@ss according to any one of
the preceding clainms, wherein the m xed nmetal oxide
further conprises sulfur, and has the conposition X
1YnZpQgSr where X, Y, Z, m n, p and gq have the sane
feanifg aﬁ,cggg ddasrdmiee eedhy @ne | odi the praveding ¢lsinsw[vherein an
and r is"the atomc ratio _of sulfur. Z%ﬁo)'he r S Seicht
accoralcagl yieldber pase 1angah EPBY #PoUhH a0 FHFH 70 ilQ aﬁ?‘ﬁ? nY o8
in an anount up to 5% by weight of the total m xed
net al "°oxi de conposition. 23. The process according to
Claim?22, wherein Y is cerium X is zirconiumand p O.

24. The process according to according to any qne of
¢$.ai NBhel peocess 2@oRriing whdrlainh 141 Bperei %@F%‘ﬁﬁl‘gﬁ RgT pass
pressure rangi from.abqut QO [ Bag) to about
500 pgapge%f%al%@gg‘fﬁa Yvelgﬁﬁéﬁ%r&?(ﬁﬁg?é& e?%}ﬁg/?'ng from about
1500C t oabout 3500C, a WHSV ranging fromabout 0.5 hr

1 to about 250 hr 1, a nolar ratio of water fo ether.
1angi Me franesabourdidg to tapy apsue! the preesdingaplaiims grisrein the

yi el d per pass ranging.from about ' ut

60 wePlghn rggoversd “Tg@p gﬁl)ol@é§§u51 c%ﬁ%?%ag%%%gg%%%hﬁggt 0

any one of Clainms 1-9 or 20-22, wherein step (c)

operates at a pressure ranging from about 50 psig (3%5 ‘
win the at

kBag) The padrest a@bMlips tgaiyl dugokbagyecedingeqipaisa e
rangi ng from about 200QC t o about WHSVeriodi
rangi Agst ?léﬁﬁnéﬁgé?lecie‘???mf’ gﬁé%%ﬁ?g%%&%?%{ ) aer%ql%gable
ratio ongééﬁ\@érﬂ c&rﬁpﬁ%e@ QEritndN@le 1dak Ot séledted from Group
about 2.5, and an al cohol Yyield per pass ranging fromb
about 446f theiPgtibdiesTiableadfdtiemets weinghisesygirconium, n is from about

0.02 to about 0.06, and p is from about 0 to about 0.05.

21.  The process according to any one of the preceding claims, wherein the
mixed metal oxide further comprises sulfur, and has the composition
XmYnZpOqS: where X, Y, Z, m, n, p and g have the same meaning as in the

preceding claims, and S is sulfur and r is the atomic ratio of sulfur.

22.  The process according to Claim 21, wherein the sulfur is present in an

amount up to 5% by weight of the total mixed metal oxide composition.

23. The process according to Claim 22, wherein Y is cerium, X is zirconium

and p = 0.

24, The process according to according to any one of claims 1-9 or 20-22,
wherein step (c) operates at a pressure ranging from about 0 psig (0 kPag)

to about 500 psig (3448 kPag), a temperature ranging from about 150°C to



26. The process according to according to any one of

the preceding clains, wherein the dial kyl ether
w@epnsses one or nore of isopropyl ether, seckulr/ys2006/012782

ether, and m xtures thereof. 27. The process according

to any one of Clains 1-8 or 10-26, wherein step (d)

conprises a flash separatiof8at a pressure |ess than

about 180 psig (1241 kPag) to obtain the recovered

ol efin 8. nbhe n -0 [

15 ombgd 30 e g R PR PR el ookt 0 e O P @

at | eaﬁélalara@l@rdﬂ \in’texofo dther tagioy dioad abode 0l Ntd ebat 3iQywnd an

state. 29. A process of inproving the sel ectivj
ol ef i raleshal/wiekst o PRss TARZBE dMhalpil 28 teasnt op & é}é%}/ 68%61%1“

process conprising: (a) contacting a dial kyl ether
stream’fromthe olefin hydration process with an ether
deconposi tion catal yst, the ether deconposition

catal yst conprising: a m xed netal oxide having the

281 oﬁhagpmgmce@pondm tohegcerding t ary peadf (dagsniPagr 20-22,

sel ecte fro up 4 . of the Peri

El enent85 § %p &‘8 cﬁ’&ﬁ%‘fs Yt PIRET AT ?Q'lg? fr% %f‘ ?B)Jut Sg‘rpsu% (345
3 (i nglpyd FB& ab&i@ 43N si‘@falmsmadggi Dedohporatete) raapichg Gan mbout
6 of the erlodlc Tabl e of Elenments and Z is at _|east
one Me2QPCswel eMIEcQWGWGNdiﬁ)‘é rangigg frera abpubf2 fipe to about
Peri od

et o ol Rt o8 hit Fiy o vaisel rlbr RueflnaRp it 03 o apou

mis 1y Snaridsanfaﬂ@dﬂoﬁg’félﬂ p&pids Iﬁﬁ’glﬁ@ﬁ‘éh 593021540 veight B4 about
0 to about 0.1, and q i's the number of oxygen atons

necessél yetght ¥ati sfy the val ence of the other
conponents, to forma crude dial kyl ether
deconposition stream conprising an al cohol and an

Obgf i NTpe process according to according to any one of the preceding claims,
wherein the dialkyl ether comprises one or more of isopropy! ether, sec-

butyl ether, and mixtures thereof.

27.  The process according to any one of Claims 1-8 or 10-26, wherein step (d)
comprises a flash separation at a pressure less than about 180 psig (1241

kPag) to obtain the recovered olefin.

28.  The process according to any one of Claims 1-8 or 10-26,, wherein step (d)
comprises compressing at least a portion of the recovered olefin to a liquid

state.

29. A process of improving the selectivity of olefin conversion in an olefin
hydration process, the process comprising:
(a) contacting a dialkyl ether stream from the olefin hydration process
with an ether decomposition catalyst, the ether decomposition
catalyst comprising:

a mixed metal oxide having the following composition:



(b) recovering at |least a portion of the olefin from

the crude dial kyl ether deconposition stream and (c)
wa@giong3ars | east a portion of the ol efi n recoveP@€USI006/012782

step (b) in the olefin hydration process used to nake

the di al kyl ether deconposed in step (a). 30. The

process according to Caim.z28§ wherein the crude

di al kyl ether deconposition stream conprises residual

di al kyl ether, and the prgixff further conprises the
step of recycling at |ea %;gﬂti on of the residual

di al kyl ethgr 4 az 1§5€1@a4t%he mtel sdiB&ed FORLSFOURCLON i Periodic
to any one 9-30, wherein at least a portion

of the al cdlable (ﬁﬂl@)lmrteh‘e ¥r ische Ietisabheymeiad rselpcted from Group 3
deconp03|t| on stre m rocessed thro al cohel
recovery stieBidH %‘ %‘ﬁ%t%ﬁ?lgﬁsegg a’%%lélilcgegﬂ %Oﬁ\}? of the

of dains Ent®'a8l 170 id B QUSY 61% hfeuats%cted
(b) has a é%rlél Egrbggﬁg?l%‘ﬁan a? bout 195 wei ght % 33

The procesgras oahsy & andilaiofti32Perddes Eabple toff Elgshestts;m, 1,
recovered in step(b) has a urlty reat er .t han about

98 wei ght % 284 4 alfﬁéh‘i)?@%§§at§’é it ‘ﬁ@esf’%wé’ﬁfom?é’ng?ts and,

clainms 29-3 e ( B oSARDuR0.75, p is from 0 to
distillati o%‘ecr)lr a{sf ﬁstgfg%a?)gtu?on 35. lIl'he prgcess

accordi ng tabold @il rﬁrﬁl“q iswhe nemberstfey gd) atbms hheassary to satisfy
conpri ses condensin at | east a portion of the
recovered dhevilangepighe pler PaRAFCR'S, 36. The process

according tg éa BX L0839 eﬁ}ér ggcoﬁgbosmtﬁrs%ﬂegm%%ﬁ)rkmg an

operates at ressure ra rom-about 0 psig
kPag) to abgwhozaﬁ)dasc)gﬁﬁ,lsm kPag). 37. The process

according to any one of Clains 2 ste (
oper at @3 WI 1epOCETINESY 1pash i RRYtPR 821“ BK?\fMj OTIr%mhtlhe £ ‘?)“lk}’l
250 hr™ 8. . The ding to any one of
q aims 29- 3e}§er V%:compgglﬁ&?ét ea?r{:‘;égg |
(c) using at least a portion of the oleﬁn recovered in step (b) in the

olefin hydration process used to make the dialkyl ether decomposed

in step (a).

30. The process according to Claim 29, wherein the crude dialkyl ether
decomposition stream comprises residual dialkyl ether, and the process
further comprises the step of recycling at least a portion of the residual

dialkyl ether to step (a).
31.  The process according to any one of Claims 29-30, wherein at least a
portion of the alcohol from the crude dialkyl ether decomposition stream is

processed through an alcohol recovery stream.

32.  The process according to any one of Claims 29-31, wherein the olefin

recovered in step (b) has a purity greater than about 95 weight %.

33.  The process according to Claim 32, wherein the olefin recovered in step



of water to dialkyl ether ranges fromabout 0.1 to

about 3.0 in step (a). 39. The process according to
waeopsosa7df C ai ns 29- 38, wherein an al cohol yPEl/USIe6/012782

pass ranges from about 40 wei ght %to about 60 wei ght

% 40. The process according to any one of C ains

29-39, wherein the at | east.ggne netal selected from

Goup 3 and G oup 6 of the Periodic Table of Elenents

conprises ceri the.at le on tal selected from

G oup (E) ]g*?s atmlé#&rreﬁtgﬂf}@nfg@?@%o‘?m%té@ fents conprises

zirconium n is fromabout 0.02 to about 0.06, and p

is fromabout O to about 0.05. 41. The process

aec or ditreg ptovesingccorsengfio tamy piree O dilaigs c2 %P ds Wi istep (b)

the m xed netal, oxide further conprises sulfur. 42.

The pr@%@esa%@éﬁl@?tw& qrﬁféshléﬁﬂaﬂngnv\her ein the sul fur

is present in anamount up to 5% by wei ght of the total

m xed metal oxide conposition. 43. The process )

a5C or ditgpiocess! @icondiy, toridaimi B¢, Ywhereimesteuilp) forther comprises

zirconiumand p.= 0. 44. T proces ording.to any

one ofConfensing B deagir Borigp -C’Eg“,e THERY] F’?ﬁr??éfnetﬁ atlé‘%lé Staf?’

operates at a pressure ranging from about 150 psig

(1034 kPag) to about 200 psig (1379 kPag), a

t Frper Blidl peocess géoogdifig am atyoone 260 aings 2Bt VEBBIC, step (D)

VWHSV ranging fromabout 5 hr 1 .to abaut 0 .hr .
nol ar PREFFSS Ffa REBISHIC IARSIBE E@Fﬂ %@Hb&ﬁ@‘gf@ %ﬁ?%?gB @f%%t_azé)o psig
to abo t’7§k9%g and an al cohol yield per pass ranging

from abou wei ght % o about 60 weight % 45. The

process according to any one of Cains 29-44, wherein
the dial kyl ether conprises one qr re_of_Jjsopropyl
ether , Theerongsy peerfiae, 0oty APkt r@g?rf“h é%%’.wﬁ%?f%AStep @)
process, fars LAk a%ﬁ@%}%k@iﬂ Plon?hicRi 85 ¥o d5@hky |

et her d%corrposml on, the pgocess conprising: (a)

reacting a mxture of olefins and water in the

p?r’gsen%ﬁe ?)Iocgssca%tcgrld}/nsgt to any one of Claims 29-37, wherein a molar ratio

of water to dialkyl ether ranges from about 0.1 to about 3.0 in step (a).

39.  The process according to any one of Claims 29-38, wherein an alcohol

yield per pass ranges from about 40 weight % to about 60 weight %.

40.  The process according to any one of Claims 29-39, wherein the at least one
metal selected from Group 3 and Group 6 of the Periodic Table of
Elements comprises cerium, the at least one metal selected from Group 4
of the Periodic Table of Elements comprises zirconium, n is from about

0.02 to about 0.06, and p is from about 0 to about 0.05.

41.  The process according to any one of the preceding claims wherein the

mixed metal oxide further comprises sulfur.

42. The process according to Claim 41, wherein the sulfur is present in an



under conditions sufficient to forma first crude

m xed al cohol stream conprising the water, a first
worzoosns®7Hf al cohols, and a first mxture of dP@i/ky1006/012782

ethers; (b) recovering at |east a portion of the first

m xture of dialkyl ethers; (c) contacting at |east a

portion of the first m xturg.of dialkyl ethers

recovered at step (b) with an ether deconposition

catal yst, the ether deco siti.on. catal yst.conpri si-ng:

o I XBEORRIRIO G4 VRS %t%? e TBE D R Oéb%pcgg}pt"?%lﬁg'
where X is at |east one netal selected from G oup 4 of
the Periodic Table of Elenments, Y is at |least one
get al TaelpesdeadadcoriingrooGmiB 42, mdleteith Ygistdesiumant HefT(@BEM
and Actinides) and G oup 6 of thePeriodic Table of

El enesedépari Z is at | east one netal selected from
Groups 7, 8, and 11 of the Periodic Table of Elenents;

m n, p, and q are the atomc ratios of their )

1as pe%%gﬁo&@mﬁm@foaﬁ@ onshefClaims29-35 or i46-43;, avherein step
about 0.01 to about 0.75, p.is_fromO tg about (%41H "
and g (@)sopdraten ahBepreBireiapgile APonboyhded g (1 ag) to
satisfy the val.e fo1he ept t °@ o
crude %P‘éﬁ%ﬂpsé% Kg’?%‘é%a %gl |oar;[ﬁ%{qr&g %gcfgon%ra?g?ngma
secongppipdaore, PWHE ey fod sbostethridorabrtt(d I, a molar
ol efins; (d) recovering at |east a portion

f th .
secondatio xf watsr &f ctbprernansiiabeH G§ fosgooy g&e Q‘Ef? g glpphol
S e S PEP O etk OE ABbu i t%QGXGédt?g)v@%igﬂte/@.St

a porti s‘recovered in step 0 step
(a). 47. The process according to Caim46, wherein

the crude dial kyl ether deconposition streamconpris
245, ecBie procest] asbiylingcion@n, ornal GRS Bedbewherpinie Gkl

f gg‘p ;It estﬁ%afg‘{]nggrﬁt S pon%f of GSYE! & gsoﬁltoplyi3 Agfer asRObtl OBiHRE, and

mixtures thereof.

46. A process for the production of alcohols by dialkyl ether decomposition,
the process comprising: '

(a) reacting a mixture of olefins and water in the presence of a catalyst
under conditions sufficient to form a first crude mixed alcohol
stream comprising the water, a first mixture of alcohols, and a first
mixture of dialkyl ethers;

(b) recovering at least a portion of the first mixture of dialkyl ethers;

(c) contacting at least a portion of the first mixture of dialkyl ethers
recovered at step (b) with an ether decomposition catalyst, the ether
decomposition catalyst comprising:

a mixed metal oxide having the following composition:

XmYnZpOq
where X is at least one metal selected from Group 4 of the Periodic
Table of Elements, Y is at least one metal selected from Group 3

(including the Lanthanides and Actinides) and Group 6 of the



di al kyl ether to step (c). 48. The process according

to Cdaim47, wherein at |east a portion of the second
worRoobsa7of al cohol s fromthe crude dial kyl etP@r/US2006/012782

deconposition streamis conbined with at |east a

portion of the first m xture of alcohols. 49. The

process according to any ong.of C ains 46-48, wherein

the first crude m xed al cohol stream conprises at

| east two gl efi.n ' fornula

| east two gF@%ﬁLlBSr?B%;{)/fﬁbenﬁ S g &ﬁfx%éﬁgﬂgﬁba&ted
y+ OH, and Ts 7 80atH &1 k¥iheatchiofr Bedle6f Blénfentm, n,
formul ae xFI2x+ I, CyH2y+i OCyH2y+i, and

CxH2x +i OQ/IﬂZyrtd qsaraﬂnt albumi cefatiox oﬁﬂwnyrersm@p@ geReRgats and,
range from about 2 to ab a an

not equal vefign 1 ipl oéle’ésfo‘?”ara%f’“t &g} g? tno )55 qs froftl § o
al cohol %H{)&)rb P16l g s AR of oi}tg%ﬂramﬁecessary to satisfy

conpri si ng reactlngthe olefin and the water in

t he presenake oflerreoftlal othér congpenerdsyndi ti ons suffi ci ent
to forma first crude al cohol stream conpri,sing the..

al cohol , t He forp @rcradgydig Ty §Fh9§|de%‘llﬂ%951“n¥‘o§‘re§8g8?‘8¥’“%‘ég 2
the first crud Md NLRoAd Wak@fe & Qo

m xture anasegonglrg# &RFB élﬁ(ﬁgt ream 0(c) contacting at

| east (@) pordetdrifg at h:astda porkiph of theesecend maxtuwi ofolghns from
et her deco osition catalyst to forma crude %}%I kyl

ether deco @ﬁrtﬁ coe §tqu@élrﬁth?6 ﬁﬁ‘iqng?%ﬁlopﬁge%fpc
residu ﬂ ad:{%lﬁ‘g ing a% &l NSk ?tptaﬁno%l &f B Adh< REoVREL N step (d) to

wher ei e water to the residual
di al kyl et hggp (a¥. Iess than 3.0; (d) recovering at
| east a portlon of the olefin fromthe crude dial kyl
et her deconposition stream (e) recycling at |east a

PRJ 1 | OPhe of rct)crégs %lcceofrlhﬁgrﬁ)c el RutdR thé) crh@e &Ryl ether
decomposition stream comprises at least one dialkyl ether, and the process
further comprises the step of recycling at least a portion of the at least one

dialky1 ether to step (c).

48.  The process according to Claim 47, wherein at least a portion of the second
mixture of alcohols from the crude dialkyl ether decomposition stream is

combined with at least a portion of the first mixture of alcohols.

49.  The process according to any one of Claims 46-48, wherein the first crude
mixed alcohol stream comprises at least two olefins having formulae
CyHax and CyH,y, at least two alcohols having formulae CyHzy1OH and
C,Hzy+1OH, and at least two dialkyl ethers selected from formulae
CHoxt10CHox+1, CyHoy+1OCyHay+1, and CyHox+1OCyHay+1, and wherein x
and y independently range from about 2 to about 10 and wherein x and y

are not equal.

50. A process for the production of an alcohol from an olefin and water, the



(a); (f) recovering at least a portion of the dialkyl
ether fromthe crude dial kyl ether deconposition

W@ Rieass4rd form a second dial kyl ether stream BeU82006/012782
second crude al cohol stream (g) recycling at |east a
portion of the second dialkyl ether streamto step
(c); and (h) conmbining at Lgast a portion of the
second crude al cohol streamw th the first crude
al cohol stream. .

process comprising:

(a) reacting the olefin and the water in the presence of a catalyst under
conditions sufficient to form a first crude alcohol stream
comprising the alcohol, the water and a dialkyl ether;

(b)  separating the first crude alcohol stream into a water-alcohol
mixture and a dialkyl ether stream;

(c) contacting at least a portion of the dialkyl ether stream with an
ether decomposition catalyst to form a crude dialkyl ether
decomposition stream comprising the alcohol, residual dialkyl
ether, the olefin and the water, wherein a molar ratio of the water to
the residual dialkyl ether is less than 3.0;

(d)  recovering at least a portion of the olefin from the crude dialkyl
ether decomposition stream; '

(e) recycling at least a portion of the olefin recovered in step (d) to step
(a);

® recovering at least a portion of the dialkyl ether from the crude
dialkyl ether decomposition stream to form a second dialkyl ether
stream and a second crude alcohol stream,;

(2) recycling at least a portion of the second dialkyl ether stream to
step (c); and

(h) combining at least a portion of the second crude alcohol stream

with the first crude alcohol stream.



