
EP0 562 139B1 Description 1. Field of the Invention 5     The present
invention relates to a process for preparation of a fatty acid ester with
remarkably good productivity (hereinafter referred to as space time yield)
by reacting a fatty acid having 1 to 5 carbon atoms and an olefin, having 2
to 4 carbon atoms (in the following also designated as "lower fatty acid"
and "lower olefin" respectively. 10 2. Description of the Related Art In
the past, as a process for preparation of such an ester by reaction of a
lower fatty acid with a lower olefin, there has been known the process, as
disclosed in Japanese Examined Patent Publication (Kokoku) No. 53-6131, of
using as a catalyst sulfuric acid, phosphoric acid, or other mineral acid,
phosphotungstic 15  acid, phosphomolybdic acid, or other heteropoly-acids.
Further, Japanese Examined Patent Publication (Kokoku) No. 47-42808 and
Japanese Examined Patent Publication (Kokoku) No. 56-30334 disclose
processes for a reaction in the liquid phase using as a catalyst
phosphotungstic acid, phosphomolybdic acid, or other heteropoly-acid or an
acid metal salt of phosphotungstic acid or silicotungstic acid. In these
conventional processes using a catalyst, however, the space time yield was
low and the life of 20  the catalyst was short, so the production process
was far from being of industrial use. SUMMARY OF THE INVENTION The present
invention was made in consideration of the above circumstances and has as
its object the 26  provision of a process able to easily prepare a lower
fatty acid ester with a remarkably higher space time yield compared with
the conventional processes and with discovery of a catalyst with a long
life. To achieve the above-mentioned object, there is provided a process
for the preparation of a lower fatty acid ester wherein a fatty acid having
1 to 5 carbon atoms is reacted with an olefin having 2 to 4 carbon atoms in
gaseous phase by using as a solid catalyst at least one heteropoly-acid
salt selected from cesium, 30  rubidium, thallium, ammonium, potassium,
barium, gold, sodium lithium, copper and magnesium salts of phosphotungstic
acid, silicotungstic acid, phosphomolydbic acid and silicomolybdic acid.
According to another aspect of the present invention, there is provided a
process for the preparation of a lower fatty acid ester wherein a fatty
acid having 1 to 5 carbon atoms is reacted with an olefin having 2 to 4
carbon atoms in the gaseous phase by using as a solid catalyst at least one
member selected from 36  heteropoly-acids and their salts represented by
the general formula, [err] wherein, H, W, Mo, and 0 respectively represent
hydrogen, tungsten, molybdenum, and oxygen, X 40  represents at least one
element or atomic group selected from the group consisting of potassium,
rubidium, thallium, cesium, and ammonium, A represents at least one element
selected from the group consisting of phosphorous and silicon, a represents
an atomic ratio or molecular ratio of the elements or atomic groups, b is
an integer of less than 12, not including 0, n is 3 when A is phosphorous,
and n is 4 when A is silicon. 46  DESCRIPTION OF THE PREFERRED EMBODIMENTS 



As the lower fatty acid usable in the process of the present invention,
mention may be made of a saturated or unsaturated fatty acid having up to
five carbon atoms, for example, formic acid, acetic acid, propionic acid,
valeric acid, acrylic acid, methacrylic acid, and crotonic acid. As the
lower olefin, mention 5o  may be made of olefins having up to four carbon
atoms, for example, ethylene, propylene, butene-1, butene-2, and isobutene.
If use is made of an olefin with five or more carbon atoms, the synthesis
reaction of the fatty acid ester becomes slower. If the reaction pressure
or the reaction temperature is increased to speed this up, not only do the
polymers and other byproducts increase, but the catalyst life becomes
remarkably shortened. 55     The reaction pressure preferably is 50 [err],
more preferably 0 to 10 kg/cm2G. The reaction temperature preferably is 50
to [err] more preferably 100 to [err] If the reaction [err] = bar, above
atmospheric pressure 2    EP 0 562 139 B1 temperature is less than [err],
the reaction rate becomes slower and the space time yield becomes
remarkably lower. Further, if It exceeds [err] the byproducts increase and
the catalyst life becomes shortened. The molar ratio of the lower olefin to
the lower fatty acid is not critical, but the ratio is preferably 1 to 5
30, more preferably 3 to 20 from the view point of the reaction rate. The
reaction may preferably be carried out in the presence of water vapor from
the point of view of increasing the catalyst life. If water vapor is
present in the reaction system, alcohol is synthesized. The reason is not
clear, but the catalyst life becomes longer if about 1 percent by volume of
water vapor is added to the material gas. 10    In the reaction, it is
preferable to pass the material gas, under standard conditions, through the
catalyst at a space velocity (SV) of 100 to 5000 [err] more particularly
300 to 2000 hr-1. The catalyst is an acid salt of a heteropoly-acid such as
phosphotungstic acid. The acid salt becomes better with a larger surface
area, a certain acid strength, and a larger amount of acid. The catalyst
may be used alone or supported on a carrier. The carrier may be a porous or
porous 15  grain-forming substance generally used as a catalyst carrier,
and may be of silica, diatomaceous earth, titania, activated carbon,
alumina or silica-alumina, or a mixture of two or more thereof. The
catalyst may be supported on the carrier by coating, impregnation,
evaporation to dry or kneading and molding. The catalyst may be prepared,
for example, by dissolving commercially available phosphotungstic acid or
the like in a suitable amount of water and adding and mixing into the same
a nitrate or carbonate of 20  cesium, rubidium, thallium, ammonium,
potassium, or the like as is in a powder form or as an aqueous solution.
The mixture is then evaporated to dryness to obtain a solid heteropoly-acid
salt. The catalyst may 



be supported on a carrier by any methods. For example, the above-mentioned
liquid mixture in a slurry or solution state is impregnated into a carrier
to be supported on the carrier, or is kneaded with  a carrier powder, or
the heteropoly-acid salt is deposited on the carrier, for example, by
coating. Then, the obtained 25  solid material is heat treated in the air
or a nitrogen or other inert gas atmosphere at 50 to 350 C, preferably 100
to 300 C. If the temperature is less than 50 C, the moisture content is not
sufficiently removed, while if over [err], the catalyst deteriorates. The
mixed coordination heteropoly-acid catalyst used in the second process of
the present invention is better when having a larger surface area, a
stronger acid strength, and a larger amount of acid and may be 30  used as
is or supported on a carrier. The carrier used may be a porous or porous
grain forming substance generally used as a carrier, for example, may be
silica, diatomaceous earth, titania, activated carbon, alumina,
silica-alumina, etc. The catalyst may be supported on the carrier as
mentioned hereinabove for the first process of the invention. The
above-mentioned mixed coordination heteropoly-acid catalyst may be prepared
by, for example, 35  dissolving commercially available
phosphotungstomolybdic acid or silicotungstomolybdic acid in water and
adding and mixing to the same a nitrate or carbonate of cesium, rubidium,
thallium, ammonium, or potassium as is as a powder or as an aqueous
solution. Next, the resultant solid is heat treated in the air or a
nitrogen or other inert gas atmosphere at 50 to [err] preferably 100 to
[err]. If the temperature is less than 50 C, the moisture content is not
sufficiently removed, while if over 350 * C, the catalyst 4o deteriorates.
The catalyst may be supported on a carrier by any methods. For example, the
above-mentioned liquid mixture in a slurry or solution state is impregnated
into a carrier to be supported on the carrier, or is kneaded with a carrier
powder, or the heteropoly-acid salt is deposited on the carrier, for
example, by coating. 45     The space time yield, selectivity, and degree
of conversion as described in this specification are defined as follows:
Space time yield = Amount of ester synthesized per unit time (g/h)/Amount
of catalyst ([err] or kg) Yield = Number of moles of ester
synthesized/Number of moles of acid supplied x 100 50    Degree of
conversion = Number of moles of reacted acid/Number of moles of supplied
acid x 100 Below, the present invention will be further explained using
examples, which do not however limit the present invention in any way. 55
Example 1 Fifteen grams (about 0.0438 mole) of commercially available
phosphotungstic acid (made by Wako Junyaku) and 60 cc of pure water were
placed in a 300 cc flask and the former dissolved in the latter. 3    



EP 0 562 139 B1 Separately, 21.5 g (0.110 mole) of cesium nitrate [err] was
dissolved in water. This was dropped in the above-mentioned aqueous
phosphotungstic acid solution, while stirring, using a dropping funnel. At
this time, fine white crystals of cesium phosphotungstate were precipitated
simultaneously with the dropping. The water in the flask where the white
particulates precipitated was evaporated off using a hot water bath. 6  The
solid mass obtained by removal of the water was taken out onto a laboratory
dish and placed into a dryer, where it was dried in the air at [err] for 6
hours. The dried product was pulverized and was sieved to separate out
particles of 1 to 2 mm size. Thirty-five cc of this was packed into a
reaction tube and used for the reaction. The reaction was performed while
maintaining a temperature of [err] and a reaction pressure of 5 10 kg/cm2G
and by passing a mixed gas of acrylic acid, ethylene, and water vapor of a
volume ratio of 1:18:1 under standard conditions at a flow rate of 35
[err]/hr. The effluent and the gas four hours after starting to pass the
mixed gas were sampled and measured by gas chromatography, whereupon the
degree of conversion of acrylic acid was found to be 87.1 percent and the
yield of ethyl acrylate with respect to acrylic acid was 79.3 percent. The
space time yield of ethyl acrylate obtained was 177 g/hr- I catalyst. 15
Example 2 The same procedure was performed as in Example 1, except that use
was made of 29.3 grams (0.110 mole) of thallium nitrate [err] instead of
cesium nitrate. 20 Example 3 The same procedure was performed as in Example
1, except that use was made of 12.7 grams (0.055 mole) of rubidium
carbonate [err] instead of cesium nitrate. 25 Example 4 The same procedure
was performed as in Example 1, except that use was made of 11.1 grams
(0.110 mole) of potassium nitrate [err] instead of cesium nitrate. 30
Example 5 The same procedure was performed as in Example 1, except that use
was made of 8.8 grams (0.110 mole) of ammonium nitrate [err] instead of
cesium nitrate. 36 Comparative Example 1 The same procedure was performed
as in Example 1, except that commercially available phosphotung- stic acid
(made by Wako Junyaku) was dried at [err] for 6 hours, then was formed into
a tablet, which 4o was in turn pulverized and sieved to obtain the
particles of 1 to 2 mm size, 35 cc of which was used as the catalyst. 



Example 6 46     The same procedure was performed as in Example 1, except
that use was made of propylene instead of ethylene, to form isopropyl
acrylate. Example 7 50     Using as a catalyst 10.7 cc of cesium salt of
the phosphotungstic acid used as a catalyst in Example 1 and at a reaction
temperature of [err] and a reaction pressure held at ordinary pressure, a
mixed gas of acetic acid, ethylene, and water vapor in a volumetric ratio
of 6.8:92.2:1 was passed under standard conditions at a flow rate of 10.7
I/hr. Four hours after the mixed gas was started being passed, the effluent
and gas were sampled and analyzed by gas chromatography, whereupon it was
found that the degree of 55 conversion of acetic acid was 52.6 percent and
the yield of ethyl acetate with respect to acetic acid was 50.0 percent.
The space time yield of ethyl acetate found from this result was 134 g/hr.
[err] catalyst. 4    EP 0 562 139 B1 Example 8 The same procedure was
performed as in Example 7 except that use was made of thallium
phosphotungstate as the catalyst. 5 Example 9 The same procedure was
performed as in Example '7 except that use was made of rubidium
phosphotungstate as the catalyst. 10 Example 10 The same procedure was
performed as in Example 7 except that use was made of potassium
phosphotungstate as the catalyst. 15 Example 1 1 The same procedure was
performed as in Example 7 except that use was made of ammonium
phosphotungstate as the catalyst. 20 Example 12 The same procedure was
performed as in Example 7 except that use was made of potassium
phosphotungstate as the catalyst and use was made of propylene instead of
ethylene. 26 Example 13 



The same procedure was performed as in Example 7 except that the reaction
pressure was made 5 [err] 30 Comparative Example 2 The same procedure was
performed as in Example 7 except that the same catalyst as in Comparative
Example 1 was used. 35     The results of the above-mentioned Examples 1 to
13 and Comparative Examples 1 and 2 are shown all together in Table 1. Note
that the results of Example 1 etc. are already shown, but are given again
for comparative purposes. In the above-mentioned Examples 1 to 13, the
operation was continued for 96 hours, but the yield and space time yield of
the target components of acrylic acid or acetic acid did not fall much at
all, while in Comparative Examples 1 and 2 the yield fell 2 to 5 percent in
20 hours. 40 45 50 55 5    EP 0 562 139 B1 [err] dissolved in the latter.
EP 0562 139 B1 Separately, 21.5 g (0.110 mole) of cesium nitrate [err] was
dissolved in water. This was dropped in the above-mentioned aqueous
phosphotungstic acid solution, while stirring, using a dropping funnel. At
this time, white particulate crystals of cesium phosphotungstate were
precipitated simultaneously with the dropping. To this was added and
stirred in 500 cc of silica of 1 to 2 mm diameter. The water in the flask 5
was evaporated off using a hot water bath. After the water was driven off,
the sample as placed in a dryer and dried in the air at [err] for 6 hours.
Thirty-five cc of the dried silica supporting the catalyst was packed into
a reaction tube and used for the reaction. The reaction was performed while
maintaining a temperature of [err] and a reaction pressure of 5 kg/cm2G and
by passing a gas of acrylic acid, ethylene, and water vapor of a volume
ratio of 1:18:1 in a 10 standard state at a flow rate of 35 [err]/hr. The
effluent and the gas four hours after starting to pass the mixed gas were
sampled and measured by gas chromatography, whereupon the degree of
conversion of acrylic 



acid was found to be 48.6 percent and the yield of ethyl acrylate with
respect to acrylic acid was 45.0 percent. The space time yield of ethyl
acrylate obtained was 100 g/hr- I catalyst. 15   Example 15 Using a 300 cc
flask, 60 cc of pure water was added to 150 g (0.0453 mole) of commercially
available silicotungstic acid (made by Wako Junyaku) to dissolve the same.
Separately, 22.1 g (0.1133 mole) of cesium nitrate [err] was dissolved to
make an aqueous solution, which was dropped into the aqueous 20  solution
of silicotungstic acid, while stirring, using a drop funnel. White
particulate crystals were precipitated simultaneously with the dropping.
The 300 cc flask was placed in a hot water bath and the majority of the
water in the flask was evaporated off in a boiling state. The solid mass
obtained was taken out onto a laboratory dish and placed into a dryer,
where it was dried in the air at [err] for 6 hours. The dried product was
pulverized and was sieved to separate out particles of 1 to 2 mm size.
Thirty-five cc of this 25  was packed into a reaction tube and used for the
reaction. The reaction was performed while maintaining a temperature of
[err] and a reaction pressure of 5 kg/cm2G and by passing a mixed gas of
acrylic acid, ethylene, and water vapor of a volume ratio of 1:18:1 under
standard conditions at a flow rate of 35 [err] The degree of conversion of
the acrylic acid 4 hours after the gas started to be passed was found to be
86.6 percent and the yield (gas chromatography 3o  analysis) was 78.1
percent. The space time yield of ethyl acrylate obtained was 174 [err]
catalyst. Example 16 The catalyst was prepared by the same method as in
Example 15, except that use was made of 30.2 35  grams (0.1134 mole) of
thallium nitrate (TI NO) instead of cesium nitrate, and the reaction was
performed under the same reaction conditions as in Example 15. The results
are shown in Table 2. Example 17 40     The catalyst was prepared by the
same method as in Example 15, except that use was made of 13.1 grams
(0.0566 mole) of rubidium carbonate [err] instead of cesium nitrate, and
the reaction was performed under the same reaction conditions as in Example
15. The results are shown in Table 2. Example 18 45 The catalyst was
prepared by the same method as in Example 15, except that use was made of
9.1 grams (0.1133 mole) of ammonium nitrate [err] instead of cesium
nitrate, and the reaction was performed under the same reaction conditions
as in Example 15. The results are shown in Table 2. 5o  Example 19 The
catalyst was prepared by the same method as in Example 15, except that use
was made of 11.4 grams (0.1133 mole) of potassium nitrate [err] instead of
cesium nitrate, and the reaction was performed under the same reaction
conditions as in Example 15. The results are shown in Table 2. 55 7  



EP 0 562 139 B1 Comparative Example 3 The reaction was performed under the
same reaction conditions as in Example 15, except that commercially
available silicotungstic acid was dried at [err] for 6 hours, then molded
into tablet form, 5  which was pulverized and sieved to separate the
particles of 1 to 2 mm size, of which 35 cc was used as the catalyst for
the reaction. The results are shown in Table 2. Example 20 10     The
reaction was performed under the same reaction conditions as in Example 15,
except that the same catalyst as Example 15 (Cs salt of silicotungstic
acid) was used and use was made of propylene instead of ethylene. The
results of the reaction of the isopropyl acrylate produced are shown in
Table 2. Example 21 16 Using 9.7 cc of the same catalyst as in Example 15
(Cs salt of silicotungstic acid), a temperature of 150 * C, and a reaction
pressure held at ordinary pressure, a mixed gas of acetic acid and ethylene
(volumetric ratio of 6.8:93.2) was passed at a flow rate of 9.7 [err]
(converted as being under standard conditions). The degree of conversion of
acetic acid 4 hours after the gas started to be passed was 47.5 20  percent
and the yield was 46.3 percent (gas chromatography analysis). The space
time yield of ethyl acetate found from the results was 124 [err] *hr.
Example 22 25     Using the same catalyst as in Example 15, the reaction
was performed under the same reaction conditions as in Example 21 except
that the reaction pressure was made 5 [err]  The degree of conversion of
acetic acid 4 hours after the gas began to be passed was 88.5 percent and
the yield was 86.9 percent. The space time yield of ethyl acetate found
from the results was 233 [err]  hr. 30 Example 23 The reaction was
performed under the same reaction conditions as in Example 21 except that
use was made of the same catalyst as in Example 16 (TI salt of
silicotungstic acid). The results are shown in Table 3. 35 Example 24 The
reaction was performed under the same reaction conditions as in Example 21,
except that use was made of the same catalyst as in Example 17 (Rb salt of
silicotungstic acid). The results are shown in Table 3. Example 25 The
reaction was performed under the same reaction conditions as in Example 21,
except that use was 45  made of the same catalyst as in Example 18 (NH4
salt of silicotungstic acid). The results are shown in 



Table 3. Example 26 50      The reaction was performed under the same
reaction conditions as in Example 21, except that use was made of the same
catalyst as in Example 19 (K salt of silicotungstic acid). The results are
shown in Table 3. Comparative Example 4 55     The reaction was performed
under the same reaction conditions as in Example 21, except that use was
made of the same catalyst as in Comparative Example 3 (silicotungstic
acid). The results are shown in Table 3. 8    EP 0 562 139 B1 Example 27
The reaction was performed under the same reaction conditions as in Example
21, except that use was made of the same catalyst as in Example 15 (Cs salt
of silicotungstic acid) and use was made of propylene 5  instead of
ethylene. The reaction results of isopropyl acetate formed are shown in
Table 3. Table 2 Acrylic Acid Ester Ex. No.    Catalyst
Acrylic acid degree o Acrylic acid ester Space time yield conversion (%)
yield (%)       [err]  hr) 15          Cs salt of silicotungstic acid
86.6              78.1           174 15   16           TI salt of
silicotungstic acid   77.3             72.8            162 17          Rb
salt of silicotungstic acid   79.3              72.8           162 18
NH4 salt of silicotungstic acid  27.2             23.4           52 20  19
K salt of silicotungstic acid    12.9             11.0            25 20
Cs salt of silicotungstic acid  66.5              56.5           151 Comp.
Ex. 3  Silicotungstic acid             9.1               7.3            17
25 Examples 15 to 19 and Comparative Example 3 Amount of catalyst: 35 cc,
Reaction temperature: 180 C, Reaction pressure: 5 [err] Volumetric ratio of
materials: Acrylic acid:Ethylene:Water = 1:18:1, Amount of material feed:
35 [err] (under standard so conditions) Example 20 Volumetric ratio of
materials: Acrylic acid:Propylene:Water = 1:18:1, rest the same. 35 Table 3



Acetic Acid Ester 40     Ex. No.    Catalyst                  Acetic acid
degree of Acetic acid ester Space time yield conversion (%)     yield (%)
[err]  hr) 21           Cs salt of silicotungstic acid   47.5
46.3            124 22           Cs salt of silicotungstic acid   88.5
86.9            233 23           TI salt of silicotungstic acid   35.1
34.9            93 24           Rb salt of silicotungstic acid   37.5
36.4            97 25           NH4 salt of silicotungstic acid  28.7
27.6            74 50   26           K salt of silicotungstic acid    9.7
9.7             26 27           Cs salt of silicotungstic acid   36.5
33.5            104 Comp. Ex. 4   Silicotungstic acid             1.3
1.0             3 55    (1) Examples 21 and 23 to 26 and Comparative
Example 4 Amount of catalyst: 9.7 cc, Reaction temperature: 150 C, Reaction
pressure: ordinary pressured Volumetric ratio of materials: Acetic
acid:Ethylene = 6.8:93.2, Amount of material feed: 9.7 [err] (under
standard conditions) 9    EP 0 562 139 B1 (2) Example 22 Reaction pressure:
5 [err] otherwise same as conditions of (1). (3) Example 27 Volumetric
ratio of materials: Acetic acid:propylene = 6.8:93.2, otherwise same as
conditions of (1). Example 28 Using a 1 liter flask, 60 cc of pure water
was added to 125 g of commercially available phosphomolyb- dic acid (made
by Wako Junyaku) to dissolve the same. Separately, 25.7 g of cesium nitrate
[err] was io dissolved to make an aqueous solution which was dropped into
the above-mentioned aqueous phosphomolybdic acid solution while stirring
using a drop funnel. Simultaneous with the dropping, par- ticulate crystals
were precipitated. The 1 liter flask was placed in a hot water bath and the
majority of the water in the flask was evaporated off. The resultant solid
mass was taken out on a laboratory dish which was placed in a dryer to dry
the solid mass in the air at [err] for 13 hours. The dried product was 15
pulverized and then sieved to separate the particles of 1 to 2 mm size,
10.7 cc of which was used as the catalyst and supplied to the reaction.
While maintaining the reaction temperature at [err] and the reaction
pressure at ordinary pressure, a mixed gas of acetic acid, ethylene, and
water vapor (volumetric ratio of 6.8:92.2:1) was passed at a flow rate of
10.7 [err] (converted as being under standard condition). Four hours after
the gas began to be passed, 



20 the degree of conversion of acetic acid was 18.8 percent and the yield
was 18.6 percent (gas chromatog- raphy). The space time yield of ethyl
acetate found from the results was 50 [err]. Example 29 25     The same
procedure was performed as in Example 28, except that use was made of 35.2
g of thallium nitrate [err] instead of cesium nitrate. Example 30 30
The same procedure was performed as in Example 28, except that use was made
of 15.3 g of rubidium carbonate (Rb2CO3) instead of cesium nitrate. Example
31 35     The same procedure was performed as in Example 28, except that
use was made of 10.6 g of ammonium nitrate (NH4NO3) instead of cesium
nitrate. Example 32 40    The same procedure was performed as in Example
28, except that use was made of 13.3 g of potassium nitrate (KNO) instead
of cesium nitrate. Comparative Example 5 45     A 125 g amount of
commercially available phosphomolybdic acid was dried at 150 * C for 13
hours, then was formed into tablets. This was pulverized and sieved to
separate the particles of 1 to 2 mm size. Of this, 10.7 cc was used as a
catalyst and supplied to the reaction. Otherwise, the same procedure was
performed as in Example 28. so Example 33 The same procedure was performed
as in Example 28, except that the same catalyst as in Example 28 (Cs salt
of phosphomolybdic acid) was used and acrylic acid was used instead of
acetic acid. 55  Example 34 The same procedure was performed as in Example
28, except that the same catalyst as in Example 28 (Cs salt of
phosphomolybdic acid) was used and propylene was used instead of ethylene.
10    EP 0 562139 B1 Example 35 Using a 1 liter flask, 60 cc of pure water
was added to 125 g of commercially available silicomolybdic acid to
dissolve the same. Separately, 26.1 g of cesium nitrate [err] was dissolved
to form an aqueous 5  solution. The same procedure after this as in Example
28 was performed to prepare the catalyst and perform the reaction.
Comparative Example 6 10     A 125 g amount of commercially available
silicomolybdic acid was dried at 150 C for 13 hours, then 



formed into tablets. This was pulverized and sieved to separate the
particles of 1 to 2 mm size. Of this, 10.7 cc was used as the catalyst and
supplied to the reaction. Otherwise, the same procedure as in Example 28
was performed. The results of the above Examples 28 to 35 and Comparative
Examples 5 and 6 are shown together in 15  Table 4. In the above Examples
28 to 35, the operation as continued for 100 hours, but the space time
yield of the target component with respect to acetic acid or acrylic acid
did not fall much at all, while the yield fell 2 to 5 percent in 20 hours
in the case of the Comparative Examples 5 and B. 20 25 30 35 40 45 50 55
EP 0 562 139 B1 [err] 55 Example 36 Using a 1 liter flask, 250 g of
phosphomolybdotungstic acid (made by Nihon Mukikagaku) was dissolved in 175
cc of pure water. To this was dropped 50 g of cesium nitrate (made by Wako
Junyaku) dissolved in 12    EP 0 562139 B1 400 cc pure water. A yellow
precipitate was obtained. The water content in the precipitated deposit was
evaporated off in a hot water bath until a slurry state was reached, then
this was dried in air at [err] for 3 hours. The dried product was
pulverized, the particles of 1 to 2 mm size were taken, and this was
sintered in the air at [err] for 5 hours. 5     Ten g of the sintered
product obtained by this procedure was supplied to the reaction as a
catalyst. Mixed gas of a volumetric ratio of acetic acid:ethylene:water
vapor of 6.8:92.2:1 was introduced at a flow rate of 10.7 [err] and a
reaction performed with a reaction temperature of [err] and a pressure of 5
kg/cm2G. 



The gas from the reaction was cooled and condensed to collect the liquid
reaction product. This was 10   analyzed by gas chromatography and
evaluated as to activity. As a result, the degree of conversion of the
acetic acid was 65.1 percent and the yield was 64.7 percent. The space time
yield of acetic acid found from this was 185 [err] Example 37 15 Using a 1
liter flask, 25 g of phosphomolybdotungstic acid (made by Nihon Mukikagaku)
was dissolved in 25 cc of pure water. To this was added 100 cc of a silica
carrier for impregnation and supporting of the same. The catalyst-supported
carrier was dried and sintered under the same conditions as with Example
36. The result was supplied to the reaction as a catalyst under the same
conditions as in Example 38. The 20  rate of the catalyst supported was 25
percent by weight. As a result, the degree of conversion of acetic acid was
90.0 percent and the yield was 88.5 percent. The space time yield found
from this was 253 [err] kg. Comparative Example 7 25 The same procedure was
performed as in Example 36, except that use was made of phosphotungstic
acid (made by Nihon Mukikagaku) instead of phosphomolybdotungstic acid and
the amount of cesium nitrate was made 36 g. 30 Comparative Example 8 The
same procedure was performed as in Example 36, except that use was made of
phosphomolybdic acid (made by Wako Junyaku) instead of
phosphomolybdotungstic acid and the amount of cesium nitrate was made 52 g.
35 Comparative Example 9 The same procedure was performed as in Example 37,
except that use was made of phosphotungstic acid (made by Nihon Mukikagaku)
instead of phosphomolybdotungstic acid. Comparative Example 10 The same
procedure was performed as in Example 37, except that use was made of
phosphomolybdic acid (made by Wako Junyaku) instead of
phosphomolybdotungstic acid. 45 50 55    EP 0 562 139 B1 The results of the
above are shown in Table 5. 



[err] 55 14    EP 0 562 139 B1 Example 38 A 125 g amount of commercially
available phosphotungstic acid (made by Wako Junyaku) and 60 cc of pure
water were placed into a 1 liter flask and dissolved. 5     Separately,
12.0 g of barium nitrate [err] was dissolved in water and this was dropped
into the above aqueous phosphotungstic acid solution, while stirring, using
a dropping funnel. The water in the flask was evaporated out using a hot
water bath. The solid mass from which the water was removed was taken out
on a laboratory dish, placed in a dryer, and dried in the air at [err] for
13 hours, then was formed into tablets. This was pulverized and sieved to
separate out the particles of 1 to 2 mm size. Of this, 10.7 cc was 10
packed into a reaction tube and supplied to the reaction as a catalyst. The
reaction was performed while maintaining a temperature of 150 * C and an
ordinary reaction pressure and passing a mixed gas of a volumetric ratio of
acetic acid, ethylene, and water vapor of 6.8:92.2:1 in a standard state at
a flow rate of 10.7 I/hr. Four hours after the mixed gas was started to be
passed, the effluent and gas were sampled and analyzed by gas
chromatography, whereupon the degree of 15  conversion of acetic acid was
18.2 percent and the yield of ethyl acetate with respect to acetic acid was
17.9 percent. The space time yield of the ethyl acetate found from the
results was 48 g/hr. [err] catalyst. Example 39 20     The same procedure
was performed as in Example 38, except that 21.3 g of solid gold chloride
(AuCI) was added as is instead of barium nitrate. Example 40 25     The
same procedure was performed as in Example 38, except that 3.11 g of sodium
nitrate (NaNO3) was used instead of barium nitrate. Example 41 30     The
same procedure was performed as in Example 38, except that use was made of
acrylic acid instead of acetic acid. Example 42 35     The same procedure
was performed as in Example 38, except that use was made of propylene
instead of ethylene. Comparative Example 11 40     The same procedure was
performed as in Example 38, except that use was made of the catalyst of
Comparative Example 1 and use was made of acrylic acid instead of acetic
acid. 



Comparative Example 12 46     The same procedure was performed as in
Example 38, except that use was made of 11.7 g of magnesium nitrate [err]
instead of barium nitrate. Comparative Example 13 50     The same procedure
was performed as in Example 38, except that use was made of 8.9 g of indium
chloride [err]  instead of barium nitrate. Comparative Example 14 55
The same procedure was performed as in Example 38, except that use was made
of 11.6 g of yttrium nitrate [err]  instead of barium nitrate. The results
of the above Examples 38 to 42 and Comparative Examples 11 to 14 are shown
together with the results of Comparative Example 1 in Table 6. In Examples
38 to 42, the operation was continued 15    EP 0 562 139 B1 for 100 hours,
but there was almost no decline in the yield of the target component with
respect to acetic acid or acrylic acid or in the space time yield. In
Comparative Example 11, however, the yield fell 2 to 5 percent in 20 hours.
5                            [err] 20    EP 0 562 139 B1 Example 43 A 69.9
percent by weight of an aqueous solution of commercially available
phosphotungstic acid was placed in a 1 liter flask. To this was dropped in
small amounts at a time, while stirring, 0.1 mole of an 5  aqueous solution
of lithium nitrate per mole of phosphotungstic acid. In the aqueous
solution obtained here, 250 cc of silica carrier (5 [err] was immersed and
made to absorb the full amount of the liquid, then this was dried at [err]
for 3 hours and further at [err] for 5 hours to prepare a supported
catalyst with a 50 percent by weight of supporting rate. Ten g of the
prepared catalyst was packed into a reaction tube and the reaction was
performed at a 10 temperature of [err] and a pressure of 5 kg/cm2G while
introducing a mixed gas off acetic acid, ethylene, and water vapor of a
volumetric ratio of 6.8:92.2:1 at a flow rate of 10.7 Nt/hr. The formed gas
was cooled and condensed to collect the liquid reaction product which was
then analyzed by gas chromatography. 



As a result, the yield of ethyl acetate was 91.8 percent. 15 Example 44 The
catalyst was prepared by the same process as in Example 43, except for the
use of copper nitrate instead of lithium nitrate, to obtain a catalyst with
a 50 percent by weight supporting rate. 20     The catalyst obtained was
used for performing a reaction under the same reaction conditions as in
Example 43. As a result, the yield of ethyl acetate was 86.3 percent.
Comparative Example 15 25    Into a 69.9 percent by weight aqueous solution
of commercially available phosphotungstic acid, 250 cc of silica carrier (5
[err]  was immersed and made to absorb the entire amount of the liquid,
then the result was dried at [err]  for 3 hours and at [err]  for 5 hours
to prepare a catalyst having a supporting rate of 50 percent by weight. The
obtained catalyst was used to perform a reaction under the same reaction
conditions as in Example 30 43. As a result, the yield of ethyl acetate was
84.6 percent. 35 40 45 50 55 17    EP 0 562 139 B1 The results are shown in
Table 7. [err] 10 30 40 50 55 18    EP 0 562 139 B1 Claims 



1. A process for the preparation of a lower fatty acid ester wherein a
fatty acid having 1 to 5 carbon atoms is reacted with an olefin having 2 to
4 carbon atoms in gaseous phase by using as a solid catalyst at 5
least one heteropoly-acid salt selected from cesium, rubidium, thallium,
ammonium, potassium, barium, gold, sodium, lithium, copper and magnesium
salts of phosphotungstic acid, silicotungstic acid, phosphomolybdic acid
and silicomolybdic acid. 2. A process for the preparation of a lower fatty
acid ester wherein a fatty acid having 1 to 5 carbon atoms 10     is
reacted with an olefin having 2 to 4 carbon atoms in gaseous phase by using
as a solid catalyst at least one member selected from heteropoly-acids and
their salts represented by the general formula, [err] 15     wherein H, W,
Mo, and 0 respectively represent hydrogen, tungsten, molybdenum, and
oxygen, X represents at least one element or atomic group selected from the
group consisting of potassium, rubidium, thallium, cesium, and ammonium, A
represents at least one element selected from the group consisting of
phosphorous and silicon, a represents the atomic ratio or molecular ratio
of the elements or atomic groups, b is an integer of less than 12, not
including 0, n is 3 when A is phosphorous, and n 20     is 4 when A is
silicon. 3. A process according to any one of claims 1 or 2, wherein the
heteropoly-acid or its salt is selected from phosphotungstomolybdic acid,
silicotungstomolybdic acid, and potassium, rubidium, thallium, cesium and
ammonium salts of phosphotungstomolybdic acid or silicotungstomolybdic
acid. 25 4. A process according to any of the claims 1 to 3, wherein the
fatty acid is selected from formic acid, acetic acid, propionic acid,
valeric acid, acrylic acid, methacrylic acid, and crotonic acid. 5. A
process according to any of the claims 1 to 4, wherein the olefin is
selected from ethylene, 30     propylene, butene-1, butene-2, and
isobutylene. 6. A process according to any one of the claims 1 to 3,
wherein the fatty acid is acetic acid or acrylic acid, the olefin is
ethylene, and the lower fatty acid ester is ethyl acetate or ethyl
acrylate. 35 7. A process according to any one of claims 1 to 8, wherein
the reaction temperature is 50 to [err] and the reaction pressure is 0 to
50 kg/cm2G. 8. A process according to any one of claims 1 to 7, wherein the
reaction is carried out in the presence of water vapor. 40 9. A process
according to any one of claims 1 to 8, wherein the heteropoly-acid or its
salt is supported on a carrier. 10. A process according to claim 9, wherein
the carrier is selected from silica, diatomaceous earth, titania, 45
activated carbon, alumina and silica-alumina. 11. A process according to
claim 9 or 10, wherein the heteropoly-acid or its salt is supported on a
carrier by coating, impregnation, evaporation to dry or kneading and
molding. 50 PatentansprUche 



1. Verfahren zur Herstellung eines niederen Fettslureesters, wobei eine
Fettsdure mit 1 bis 5 Kohlenstoff- atomen mit einem Olefin mit 2 bis 4
Kohlenstoffatomen in der Gasphase unter Verwendung mindestens eines Salzes
einer Heteropolyslure als fester Katalysator umgesetzt wird, das ausgew~hlt
ist unter den 55     Clsium-, Rubinium-, Thallium-, Ammonium-, Kalium-,
Barium-, Gold-, Natrium-, Lithium-, Kupfer- und Magnesiumsalzen von
Phosphowolframsdure, Silicowolframsdure, PhosphomolybdAnsdure und Silico-
molybdansaure. 19    2. Verfahren zur Herstellung eines niederen
Fettsaureesters, wobei eine Fettsaure mit 1 bis 5 Kohlenstoff- atomen mit
einem Olefin mit 2 bis 4 Kohlenstoffatomen in der Gasphase unter Verwendung
mindestens eines unter Heteropolysauren und deren Salzen, dargestellt durch
die allgemeine Formel 6 5    XaHn_ AWbMo12-bO4o ausgewlhiten Mitglieds als
fester Katalysator umgesetzt wird, wobei H, W, Mo und 0 jeweils
Wasserstoff, Wolfram, Molybdan bzw. Sauerstoff darstellen, X mindestens ein
Element oder eine Atomgruppe, ausgewlhlt aus der aus Kalium, Rubidium,
Thallium, Casium und Ammonium bestehen- 10     den Gruppe, bedeutet, A
mindestens ein unter Phosphor und Silicium ausgewahites Element bedeutet, a
den atomaren oder den molekularen Anteil der Elemente oder Atomgruppen
bedeutet, b eine ganze Zahl von weniger als 12 mit AusschluB von 0
bedeutet, n 3 ist, wenn A Phosphor bedeutet und n 4 ist, wen A Silicium
bedeutet. 15   . Verfahren nach einem der Ansprache 1 oder 2, wobei die
Heteropolysaure oder deren Salz unter Phosphowolframatomolybdansaure,
Silicowofframatomolybdgnsdure und dem Kalium-, Rubidium-, Thal- lium-,
COsium- und Ammoniumsalzen von Phosphowolframatomolybdansaure oder
Silicowolframatomo- lybdansaure ausgewghlt ist. 20  4. Verfahren nach einem
der Anspr~che 1 bis 3, wobei die Fettsaure unter Ameisensaure, Essigsaure,
Propionsaure, Valeriansaure, Acrylsaure, Methacrylsaure und Crotonsaure
ausgewghit ist. 5. Verfahren nach einem der Ansprlche 1 bis 4, wobei das
Olefin unter Ethylen, Propylen, Buten-1, Buten-2 und Isobuten ausgew~hIt
ist. 25 6. Verfahren nach einem der Ansprache 1 bis 3, wobei die Fettsaure
Essigsaure oder Acrylsaure ist, das Olefin Ethylen ist und der niedere
Fettsaureester Ethylacetat oder Ethylacrylat ist. 7. Verfahren nach einem
der AnsprUche 1 bis 6, wobei die Reaktionstemperatur 50 bis 3000C und der
30     Reaktiondruck 0 bis 50 kg/cm2 Ober eine Atmosphare betragt. &
Verfahren nach einem der AnsprUche 1 bis 7, wobei die Reaktion in Gegenwart
von Wasserdampf durchgefUhrt wird. 35  9. Verfahren nach einem der
AnsprUche 1 bis 8, wobei die Heteropolysaure oder deren Salz auf einem 



Trager aufgetragen ist. 10. Verfahren nach Anspruch 9, wobei der Trager
unter Siliciumdioxid, Diatomeenerde, Titandioxid, Aktivkohle, Aluminiumoxid
und Siliciumdioxid-Aluminiumoxid ausgewdhlt ist. 40 11. Verfahren nach
Anspruch 9 oder 10, wobei die Heteropolysaure oder deren Salz durch
Auftragen, Impragnieren, Verdampfen zur Trockene oder Kneten und Verformen
auf einen Trager aufgetragen worden ist. 45 Revencdlcatlons 1. Proc6d6 pour
la preparation d'un ester d'acide gras inferieur, dans lequel un acide gras
ayant de 1 & 5 atomes de carbone est rdagi avec une oldfine ayant de 2 & 4
atomes de carbone, en phase gazeuse, en utilisant, comme catalyseur solide,
au moins un sel d'un h~t~ropolyacide choisi parmi les sels de 50
cesium, de rubidium, de thallium, d'ammonium, de potassium, de baryum,
d'or, de sodium, de lithium, de cuivre et de magndsium de I'acide
phosphotungstique, de l'acide silicotungstique, de l'acide
phosphomolybdique et de l'acide silicomolybdique. 2. Proc~d4 pour la
preparation d'un ester d'acide gras inf~rieur, dans lequel un acide gras
ayant de 1 A 5 55     atomes de carbone est rdagi avec une oldfine ayant de
2 & 4 atomes de carbone, en phase gazeuse, en utilisant, comme catalyseur
solide, au moins un 6l6ment choisi parmi les hdt~ropolyacides et leurs sels
representes par la formule gdn~rale 20    XaHn-aAWbMO12-bO4O oi H, W, Mo et
0 reprdsentent respectivement hydrogbne, tungstbne, molybdbne et oxygbne, X
repr~sente au moins un 6l6ment ou groupe atomique choisi parmi le groupe
compos6 de potassium, 6      rubidium, thallium, cesium et ammonium, A
reprdsente au moins un element choisi parmi le groupe compos6 de phosphore
et de silicium, a representb le rapport atomique ou rapport mol6culaire
entre les 616ments ou les groupes atomiques, b est un nombre entier
inf~rieur a 12, 0 non compris, n est 3 lorsque A est phosphore ot n est 4
lorsque A est silicium. 10  3  Procdd6 suivant l'une ou l'autre des
revendications 1 ou 2, dans lequel l'hdtdropolyacide ou son sel est choisi
parmi l'acide phosphotungstomolybdique, I'acide silicotungstomolybdique, et
les sels de potas- sium, de rubidium, de thallium, de c6slum et d'ammonium
de l'acide phosphotungstomolybdique ou de l'acide silicotungstomolybdique.
15  4. Proc~d4 suivant l'une ou I'autre des revendlcations 1 a 3, dans
lequel I'acide gras est choisi parmi I'acide formique, I'acide acdtique,
I'acide propionique, I'acide valdrique, I'acide acrylique, I'acide
m6thacrylique et l'acide crotonique. 5. Proc6d6 suivant l'une ou l'autre
des revendications 1 & 4, dans loquel l'ol~fine est choisle parmi 



20     1'6thylbne, le propylene, le butbne-1, le butbne-2 et l'isobutylene.
6. Proc6d6 suivant l'une ou l'autre des revendications 1 & 3, dans lequel
l'acide gras est l'acide acktique ou I'acide acrylique, P'oldfine est
l'dthylbne at l'ester d'acide gras infdrieur est l'acdtate d'6thyle ou
l'acrylate d'6thyle. 26 7. Procdd6 suivant l'une ou l'autre des
revendications 1 A 6, dans lequel la temperature de rdaction est de 50 a
300 ' C ot la pression de r6action est de 0 & 50 kg/cm2G. a  Procede
suivant l'une ou l'autre des revendications 1 & 7, dans loquel la r~action
est realisee en 30     pr6sence de vapeur d'eau. 9. Proc6de suivant l'une
ou l'autre des revendications 1 & 8, dans loquel I'het6ropolyacide ou son
sel est support6 sur un porteur. 35  10. Proc~dd suivant la revendication
9, dans lequel le porteur est choisi parmi la silice, la terre de diatomde,
I'oxyde de titane, le carbone activ4, I'alumine et la silice-alumine. 11.
Procdd6 suivant la revendication 9 ou 10, dans loquel l'h6t6ropolyacide ou
son sel est support6 sur un porteur par rev~tement, impregnation,
6vaporation pour sdcher ou par malaxage et moulage. 40 45 50 55 21    


