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Description

FIELD OF THE INVENTION

[0001] The invention relates to isomerizing propylene
oxide to produce allyl alcohol.

BACKGROUND OF THE INVENTION

[0002] Allyl alcohol is used commercially for the man-
ufacture of 1,4-butanediol (see, for example, U.S. Pat.
No. 4,215,077). It is also used as a hydroxyl functional
monomer in the polymer industry (see, for example, U.S.
Pat. No. 5,444,141).
[0003] Allyl alcohol can be produced by the isomeriza-
tion of propylene oxide (PO). PO isomerization can be
performed by a slurry-phase process (see for example,
U.S. Pat. No. 3,274,121) or by a gas-phase process (see,
e.g., U.S. Pat. No. 3,044,850).
[0004] Isomerization is typically performed in the pres-
ence of a lithium phosphate catalyst. The preparation of
lithium phosphate catalysts is well known in the art. U.S.
Pat. No. 2,426,264 teaches preparing the catalyst by pre-
cipitating a crude lithium phosphate from the mixture of
an aqueous solution that contains phosphate ions and
an aqueous solution that contains lithium ions. The crude
precipitate is then washed with water and dried to form
catalyst powder.
[0005] Methods for improving lithium phosphate cata-
lysts are known. U.S. Pat. No. 2,986,585 teaches adding
alkali metal hydroxides such as sodium hydroxide and
potassium hydroxide during the precipitation of lithium
phosphate. The resultant catalyst has improved activity
and selectivity for allyl alcohol production. U.S. Pat. No.
6,803,491 teaches a further improvement to lithium phos-
phate catalysts, which comprises precipitating a lithium
phosphate from a mixture comprising a first aqueous so-
lution containing lithium and sodium ions and a second
aqueous solution containing phosphate and borate ions.
The resultant lithium phosphate catalyst has increased
activity and selectivity in the isomerization of an alkylene
oxide to the corresponding allylic alcohol. The lithium
phosphate catalyst is taught to preferably contain from
about 0.01 wt.% to about 1 wt.% of sodium, more pref-
erably from about 0.02 wt.% to about 0.8 wt.% of sodium.
[0006] As with any chemical process, it is desirable to
attain still further improvements in the PO isomerization
process. We have discovered a new process for the pro-
duction of allyl alcohol.

SUMMARY OF THE INVENTION

[0007] The invention is a process to produce allyl al-
cohol from propylene oxide. The process comprises
isomerizing propylene oxide in the presence of a lithium
phosphate catalyst at a propylene oxide conversion of
35 percent or lower. The lithium phosphate catalyst con-
tains from 0.1 wt % to 0.8 wt % of boron and from 2500

to 3500 ppm of sodium..

DETAILED DESCRIPTION OF THE INVENTION

[0008] The process of the invention comprises isomer-
izing propylene oxide in the presence of a catalyst to
produce allyl alcohol, wherein the propylene oxide con-
version is 35 percent or lower. The catalyst of the inven-
tion is a lithium phosphate catalyst, containing from 0.1
wt% to 0.8 wt% of boron and 2500 to 3500 ppm sodium.
Lithium phosphate catalysts are well known in the art,
and can be produced by the process of U.S. Pat. No.
6,803,491.
[0009] The lithium phosphate can be produced, for ex-
ample, by mixing an aqueous Li-Na solution which con-
tains lithium and sodium ions and an aqueous P-B solu-
tion which contains phosphate and borate ions. The
aqueous Li-Na solution is preferably prepared by dissolv-
ing a lithium compound and a sodium compound in water.
The Li-Na solution preferably has a lithium ion concen-
tration that is within the range of 1.0 M to 3.5 M, and more
preferably from 1.5 M to 3.0 M. The sodium ion concen-
tration is preferably within the range of 0.5 M to 2.0 M,
and more preferably from 0.75 M to 1.5 M. Preferable
lithium compounds for use in the Li-Na solution include
lithium hydroxide, lithium nitrate, lithium acetate, and mix-
tures thereof. Lithium hydroxide is particularly preferred.
Preferable sodium compounds include sodium hydrox-
ide, sodium nitrate, sodium acetate, sodium carbonate,
and mixtures thereof. Sodium hydroxide is particularly
preferred.
[0010] The aqueous P-B solution is preferably pre-
pared by dissolving a phosphate compound and a borate
compound in water. The P-B solution preferably has a
phosphate ion concentration that is within the range of
0.5 M to 1.5 M, and more preferably from 0.5 M to 1.0 M.
Preferable phosphate compounds include sodium phos-
phates, potassium phosphates, ammonium phosphates
and mixtures thereof. Sodium phosphates are particular-
ly preferred. The borate ion concentration is preferably
within the range of 0.5 M to 2.5 M, more preferably from
1.0 M to 2.0 M. Preferable borate compounds include
boric acid, sodium borates, potassium borates, ammo-
nium borates and mixtures thereof. Boric acid, sodium
borates, and their hydrates are particularly preferred.
[0011] When a sodium phosphate is used as the phos-
phate compound for forming the P-B solution, it is not
necessary to add a sodium compound to produce the Li-
Na solution. Thus, when sodium phosphate is the source
of phosphate ions, a Li solution only can be used in place
of the Li-Na solution.
[0012] Following formation, the Li-Na and P-8 solu-
tions are mixed to produce a reaction mixture from which
crude lithium phosphate will precipitate. Prior to mixing,
the Li-Na and the P-B solutions are both preferably heat-
ed to a temperature within the range of 45°C to 95°C.
More preferably, the solutions are heated to a tempera-
ture within the range of 60°C to 80°C. The mixing can be
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performed in a reactor or any suitable containers. Pref-
erably, the Li:P molar ratio in the reaction mixture is within
the range of 1 to 6, and more preferably, within the range
of 2 to 4.
[0013] Upon mixing, a crude lithium phosphate precip-
itates. The precipitate is isolated and washed with suffi-
cient water to obtain a washed lithium phosphate that
contains desirable amounts of sodium and boron.
[0014] The lithium phosphate catalyst useful in the
process of the invention contains from 2500 to 3500 ppm
of sodium. The lithium phosphate of the invention con-
tains from 0.1 wt.% to 0.8 wt.% of boron.
[0015] Depending upon the isomerization reaction
conditions, the lithium phosphate catalyst may be used
as a powder or may be spray dried, pelletized or extruded
prior to use in isomerization. If spray dried, pelletized or
extruded, the lithium phosphate may additionally com-
prise a binder (e.g., alumina or silica) or the like and may
be molded, spray dried, shaped or extruded into any de-
sired form.
[0016] The process of the invention comprises isomer-
izing propylene oxide to produce allyl alcohol. Isomeri-
zation processes are known, which include slurry and
gas-phase (also called vapor-phase) processes. For in-
stance, U.S. Pat. Nos. 3,238,264, 3,274,121, and
4,342,666 teach slurry-phase isomerization, and U.S.
Pat. Nos. 4,720,598, 5,262,371, and 5,455,215 teach
gas-phase isomerization.
[0017] It is preferred to perform the isomerization in
the slurry phase. In the slurry-phase process, a catalyst
slurry is formed by suspending the lithium phosphate cat-
alyst in an inert liquid. Preferably, lithium phosphate is
used in the powder form when used in the slurry phase.
Preferably the weight ratio of catalyst to inert liquid is in
the range of 0.05 to 0.7.
[0018] Propylene oxide is then passed through the
slurry at elevated temperature to produce allyl alcohol.
Preferably, the propylene oxide is vaporized by a pre-
heating step prior to the isomerization reaction. The allyl
alcohol product exits the slurry-phase reactor as a vapor
stream.
[0019] The inert liquid used in the slurry may be any
suitable hydrocarbon or mixture thereof which will remain
liquid, and is non-reactive and thermally stable, at the
reaction temperatures and pressures employed. Prefer-
ably, the slurry-phase isomerization is performed at a
temperature within the range of 200°C to 300°C, and
more preferably at a temperature within the range of
240°C to 280°C. Therefore, the inert liquid is preferably
a high boiling, high molecular weight (typically MW is
greater than 120) hydrocarbon, or mixtures thereof. More
preferably, the inert liquid is a C12 or greater alkylaro-
matic hydrocarbon such as dodecyl benzene or a mixture
of alkylaromatic hydrocarbons such as C14-30 alkylaro-
matic hydrocarbons (e.g., Therminol®55 a product of So-
lutia, Inc.).
[0020] The process may also be performed in the gas
phase. In the gas phase, propylene oxide is passed

through a lithium phosphate catalyst bed at elevated tem-
peratures, and the allyl alcohol product is formed. The
catalyst used in the gas phase is preferably spray dried,
pelletized or extruded prior to use. The gas-phase proc-
ess is performed at temperatures preferably within the
range of 150°C to 400°C, more preferably from 180°C to
360°C, and most preferably from 270°C to 320°C. The
allyl alcohol product exits the gas-phase reactor as a va-
por stream.
[0021] In the gas-phase process, the catalyst particles
are preferably contained in a packed bed or multiple
tubes, using a heat transfer gas or liquid to control tem-
perature to minimize over-heating or the development of
hot spots.
[0022] If desired, an inert gas may be used as a diluent
for the propylene oxide in the gas-phase process. Thus,
for example, a mixed vapor stream of propylene oxide
and nitrogen can be fed to the reaction zone. Suitable
inert gases include nitrogen, argon, helium, and the like,
and mixtures thereof.
[0023] The process of the invention can be performed
at any suitable pressure, and is most conveniently per-
formed at or slightly above atmospheric pressure.
[0024] Following isomerization, the allyl alcohol prod-
uct is recovered and purified from unreacted propylene
oxide, reactant gases, and other by-products. The recov-
ery and purification is preferably performed in one or
more distillation columns.
[0025] The propylene oxide conversion is calculated
by the equation: (moles PO reacted)/(moles PO fed) x
100.
[0026] Several side reactions compete with the desired
isomerization, leading to the formation of by-products
such as propionaldehyde, acetone, n-propyl alcohol and
acrolein. Selectivity of allyl alcohol formation is calculated
by the equation: (moles allyl alcohol produced)/(moles
PO reacted) x 100.
[0027] The process of the invention is characterized
by a propylene oxide conversion of 35 percent or lower.
I have found that the amount of sodium in the catalyst is
important when running the propylene oxide isomeriza-
tion process of the invention at low conversion of 35 per-
cent or lower. Catalysts having sodium content within the
range of 2500 to 3500 ppm maintain high selectivity at
PO conversion both higher and lower than 35 percent,
whereas catalysts having sodium content outside the
range show decreased allyl alcohol selectivity when run
at lower PO conversion.
[0028] The capability of maintaining high selectivity at
lower PO conversion allows for significant flexibility in the
PO isomerization process. Running at lower PO conver-
sion is sometimes necessary when allyl alcohol demand
is lower, or may be desired to reduce the energy require-
ments that are associated with running isomerization at
higher conversions and higher temperatures.
[0029] The following examples merely illustrate the in-
vention.
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EXAMPLE 1: PREPARATION OF LITHIUM PHOS-
PHATE CATALYSTS

[0030] Catalyst 1 A {2800 ppm Na): Lithium phosphate
containing 2800 ppm sodium is prepared by dissolving
sodium phosphate (380 g, 1 mole) and boric acid (53 g)
in 1 L of water at 70°C to make a P-B solution. Lithium
hydroxide (40 g, 1 mole) is dissolved in in 1 L of water at
70°C to form a Li solution. The P-B and Li solutions are
mixed with stirring to precipitate out a crude lithium phos-
phate. Following complete precipitation, the crude prod-
uct is collected by vacuum filtration, and then washed
three times with 1 L of water at 70°C to remove the excess
sodium. The lithium phosphate is then dried overnight in
a vacuum oven at 140°C to obtain Catalyst 1 A. Catalyst
1 A contains 0.406 wt.% B. Typical yield is 120-125 g.
[0031] Comparative Catalyst 1 B (700 ppm Na): Lithi-
um phosphate containing 700 ppm sodium is prepared
according to the procedure of Catalyst 1A except that the
crude lithium phosphate is washed five times with 1 L of
water at 70°C to remove the excess sodium. Compara-
tive Catalyst 1B contains 0.470 wt.% B. Typical yield is
120-125 g.

EXAMPLE 2: ISOMERIZATION OF PROPYLENE OX-
IDE

[0032] Allyl alcohol is produced by isomerizing propyl-
ene oxide using lithium phosphate catalysts 1 A and 1 B
according to the following procedure:

The isomerization is performed in a glass reactor,
consisting of a cylindrical tube (3.8 em ID, 17.8 em
length) that is connected to a 250-mL round expan-
sion flask that sits above the tube. The expansion
flask is fitted with a water-cooled condenser which
is connected to a 250-mL receiving flask. The receiv-
ing flask is maintained at a temperature of 10oc or
lower. The reactor is fitted with a porous frit at the
bottom of the cylindrical tube and an entrance port
below the frit. To initiate reaction, a lithium phosphate
catalyst slurry, consisting of 6-9 grams of catalyst in
65 grams of an appropriate heat transfer fluid (such
as Therminol® 55 a product of Solutia, Inc.), is
charged into the glass tube above the frit. Propylene
oxide, vaporized in a preheating zone, is introduced
into the bottom of the reactor at a constant rate (16.6
g/hr). The reaction is performed in the cylindrical tube
at temperatures varying between 244-274°C in the
presence of the catalyst slurry.

[0033] The isomerization product mixture is con-
densed and collected in the receiving flask for each
isomerization run. Product samples are periodically tak-
en from the receiving flask and analyzed by GC for the
propylene oxide conversion and allyl alcohol selectivity.
The results are shown in Table 1. The results show that
Catalyst 1A maintains a much higher selectivity to allyl

alcohol at less than 35% PO conversion compared to
Comparative Catalyst 1B which shows a steep decline
in AA selectivity.

Claims

1. A process to produce allyl alcohol comprising
isomerizing propylene oxide, at a propylene oxide
conversion of 35 percent or lower, in the presence
of a lithium phosphate catalyst which containsfrom
0.1 wt % to 0.8 wt % of boron and from 2500 to 3500
ppm sodium.

2. The process of claim 1 wherein the isomerization is
performed in slurry phase.

3. The process of claim 2 wherein the isomerization is
performed in the presence of a C12 or greater alky-
laromatic hydrocarbon.

4. The process of claim 2 wherein the isomerization is
performed at a temperature within the range of
200°C to 300°C.

TABLE 1: PO Isomerization Comparison

PO Conversion (%)
AA Selectivity(%)

Catalyst 1A Catalyst 1B *

58.6 92.6 -

55.7 - 90.5

45.6 92.5 -

44.7 - 89.2

38.2 91.5 -

37.1 - 88.4

34.8 - 87.5

34.7 92.0 -

33.9 91.7 -

32.7 - 86.0

32.2 91.8 -

30.4 91.7 -

30.1 - 85.0

28.6 88.4 -

28.2 - 82.3

27.7 80.3

27.3 88.3 -

26.8 - 78.1

25.8 87.6 -

*Comparative Example
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5. The process of claim 1 wherein the isomerization is
performed in gas phase.

6. The process of claim 5 wherein the isomerization is
performed at a temperature within the range of
150°C to 400°C.

Patentansprüche

1. Verfahren zur Herstellung von Allylalkohol, wobei
das Verfahren das Isomerisieren von Propylenoxid
bei einer Propylenoxid-Umwandlung von 35 Prozent
oder weniger in Gegenwart eines Lithiumphosphat-
Katalysators, der von 0,1 Gew.-% bis 0,8 Gew.-%
Bor und von 2500 bis 3500 ppm Natrium enthält,
umfasst.

2. Verfahren nach Anspruch 1, wobei die Isomerisie-
rung in Suspensionsphase durchgeführt wird.

3. Verfahren nach Anspruch 2, wobei die Isomerisie-
rung in Gegenwart eines alkylaromatischen Kohlen-
wasserstoffs mit 12 Kohlenstoffatomen (C12) oder
mehr durchgeführt wird.

4. Verfahren nach Anspruch 2, wobei die Isomerisie-
rung bei einer Temperatur im Bereich von 200 °C
bis 300 °C durchgeführt wird.

5. Verfahren nach Anspruch 1, wobei die Isomerisie-
rung in Gasphase durchgeführt wird.

6. Verfahren nach Anspruch 5, wobei die Isomerisie-
rung bei einer Temperatur im Bereich von 150 °C
bis 400 °C durchgeführt wird.

Revendications

1. Procédé pour produire de l’alcool allylique compre-
nant l’isomérisation d’oxyde de propylène, à une
conversion de l’oxyde de propylène de 35% ou
moins, en présence d’un catalyseur de type phos-
phate de lithium qui contient 0,1% en poids à 0,8%
en poids de bore et 2500 à 3500 ppm de sodium.

2. Procédé selon la revendication 1, l’isomérisation
étant réalisée dans une phase en suspension.

3. Procédé selon la revendication 2, l’isomérisation
étant réalisée en présence d’un hydrocarbure alky-
laromatique en C12 ou supérieur.

4. Procédé selon la revendication 2, l’isomérisation
étant réalisée à une température dans la plage de
200°C à 300°C.

5. Procédé selon la revendication 1, l’isomérisation
étant réalisée en phase gazeuse.

6. Procédé selon la revendication 5, l’isomérisation
étant réalisée à une température dans la plage de
150°C à 400°C.
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