
SPECIFICATION TITLE OF THE INVENTION Copper Catalyst for the Hydration of
Nitrile and Preparation Thereof BACKGROUND OF THE INVENTION 1.   Field of
the Invention: This invention relates to a catalyst useful for the
production of an amide by the hydration of a nitrile, a method for
preparing the catalyst, and a process for producing amides by reacting
nitriles with water in the presence of the catalyst. 2.   Description of
the Related Art: It is a public knowledge to produce amides by react- ing
nitriles with water in the presence of a catalyst. There are disclosed
processes for producing acrylamide or methacrylamide by the hydration of
acrylonitrile or metha- crylonitrile in the presence of, for example, a
copper hydride decomposition catalyst in Japanese Patent Publica- tion No.
43924/1978, a reduced copper catalyst in Japanese Patent Publication No.
39409/1978, a partially developed Raney copper catalyst in U.S. Patent No.
3920740, or a reduced copper catalyst whose precursor is a coprecipitate 



containing Si, W, Hg,.La, Zr, Cd, Al, Pb, Mg, Fe, Mn, Co, Ni,. Zn and/or Y
in addition to Cu in Japanese Patent    -2- Publication No. 41241/1977.
Further, Journal of Cataly- sis, vol. 69, p. 44 discloses a process for
producing amides by the reaction of nitriles with water in the presence of
a catalyst comprising copper supported on a silica-alumina carrier. In
Japanese Patent Laid-Open No. 31742/1984, there is disclosed a process for
producing acrylamide or methacrylamide by the hydration of acryloni- trile
or methacrylonitrile, using as a catalyst a copper colloid obtained by
treating a copper salt with the hy- droborate of an alkali metal or an
alkaline earth metal in the presence of a polymer having a protective
colloid function. Although these copper catalysts shows relative- ly high
activities, catalysts with a higher activity and higher selectivity have
been desired. OBJECT AND SUMMARY OF THE INVENTION An object of the present
invention is to provide a 



catalyst which is highly active and capable of synthesiz- ing desired
amides highly selectively in the reaction of nitriles with water. Another
object of the present inven- tion is to provide a process for producing
desired amides by reacting nitriles with water with an increased effi-
ciency and in a high selectivity. The present invention provides a method
for preparing a copper catalyst for the hydration of a nitrile which
comprises reducing a precursor containing copper and    -3- aluminum and
not containing substantially malachite and aluminum hydroxide. Further, the
present invention provides a copper catalyst for the hydration of a nitrile
which is obtained by reducing a precursor containing copper and aluminum
and not containing substantially malachite and aluminum hy- droxide.
Furthermore, the present invention provides a process for the hydration of
a nitrile in the presence of a copper 



catalyst obtained by reducing a precursor containing copper and aluminum
and not containing substantially malachite and aluminum hydroxide. Use of a
copper catalyst obtained by reducing a precursor containing copper and
aluminum and not contain- ing substantially malachite and aluminum
hydroxide permits the synthesis of desired amides with a high productivity
and in a high selectivity in the reaction of nitriles with water. Use of a
copper catalyst obtained by reducing a hydrotalcite-like phase precursor
containing copper and aluminum and not containing substantially malachite
and aluminum hydroxide permits the synthesis of desired amides with a high
productivity and in a high selectivity in the reaction of nitriles with
water. BRIEF DESCRIPTION OF THE DRAWINGS    -4- Fig. 1 gives infrared
absorption spectra, in which a) is for a precursor not containing aluminum
hydroxide, b) 



is for a precursor in which an aluminum hydroxide phase is formed, and c)
is for a single aluminum hydroxide phase prepared for comparison by a
precipitation method. Fig. 2 shows an X-ray diffraction for an undeveloped
hydrotalcite-like phase; Fig. 3 gives an X-ray diffraction for a
hydrotalcite-like phase developed by aging; and Fig. 4 denotes an X-ray
diffraction for an undeveloped hydro- talcite-like phase with malachite
mixed. DETAILED DESCRIPTION OF THE INVENTION The precursor containing
copper and aluminum and not containing substantially malachite and aluminum
hydroxide can be prepared by mixing an alkali with an aqueous metal salt
solution containing a copper salt and an aluminum salt. Nitrates are
generally used as the metal salt, but chlorides, sulfates, organic acid
salts and the like may also be used. The copper may be replaced by ions of
a divalent metal such as Be, Mg, Ni, Co, Zn, Fe, Mn, Cd or Ca in an
optional proportion. The aluminum may be replaced by ions of a trivalent
metal such as Ga, Ni, Co, Fe, Mn, Cr, V, Ti, In or La in an optional
proportion. 



It is necessary for the aqueous metal salt solution    -5- to have an
atomic ratio of trivalent metal ions to diva- lent metal ions in the range
of from 20/80 to 45/55, preferably of from 25/75 to 30/70. For example,
Japanese Patent Publication No. 41241/1977 discloses in its specification a
hydration reaction of a nitrile by the use of a catalyst obtained by
reducing a precursor comprising copper and aluminum. The atomic ratio of
aluminum to copper is 15/85 in the cata- lyst described in Example 7 of the
specification, and the precursor obtained by the preparation method
described therein contains malachite as illustrated in the catalyst 9
described below. Therefore, even if the hydration of a nitrile is carried
out by the use of the catalyst obtained by reducing the precursor,
sufficient activity and selec- tivity cannot be secured. As the alkali, it
is possible to use the carbonate or hydrogencarbonate of at least one
alkali metal selected 



from the group consisting of lithium, sodium, potassiom, rubidium and
cesium, ammonium carbonate and ammonium hydrogencarbonate. In order to
prevent the formation of an copper-ammine complex, it is preferable to use
the carbonate or hydrogencarbonate of at least one alkali metal selected
from the group consisting of lithium, sodium, potassium, rubidium and
cesium. When sodium hydroxide or potassium hydroxide is used alone or as a
mixture with the carbonate or hydrogencarbonatae of the    -6-
above-described alkali metal as the alkali, aluminum hydroxide is formed
and therefore it is undesirable in the present invention to use sodium
hydroxide or potassium hydroxide. For instance, Solid States Ionics, vol.
22, p. 138 (1986) describes the formation of a hydrotalcite-like phase
comprising copper and aluminum. However, since a mixture of sodium
hydroxide and sodium carbonate is used as the alkali, the resultant
precursor contains aluminum 



hydroxide as illustrated in the catalyst 10 described below. Therefore,
even if the hydration of a nitrile is carried out by the use of a catalyst
obtained by reducing the precursor, sufficient activity and selectivity
cannot be secured. Further, when the reaction is carried out in a liquid
flow system, a filter for separating the catalyst from the reaction fluid
is disadvantageously caused to clog. It is necessary to use the alkali in
an amount of an equivalent or more, preferably of from an equivalent to two
equivalents, relative to the metal salt. Use of the alkali beyond necessity
is unfavored, because it reduces the rate of removing carbonates upon
washing. The alkali may be used in the state of a solid, but is preferably
used in the state of an aqueous alkali solution. To mix the aqueous metal
salt solution with the    -7- aqueous alkali solution, the aqueous alkali
solution may 



be added to the aqueous metal salt solution, or the aque- ous metal salt
solution may be added to the aqueous alkali solution. Alternatively, the
aqueous metal salt solution and the aqueous alkali solution may be added at
the same time. No particular limitation is imposed on the slurry
concentration upon forming the precipitate, and a concen- tration of 1 to
5% by weight is generally used. The precipitate is commonly prepared at a
temperature of [err] or below. Preparation of the precipitate at a high
tem- perature leads to the formation of malachite and therefore it is
preferable to prepare the precipitate at a low temperature. It is important
in obtaining a coprecipitate not containing substantially malachite and/or
aluminum hydrox- ide to remove useless carbonates as soon as possible by
quickly separating the precipitate formed by mixing an aqueous metal salt
solution with an aqueous alkali solu- tion through filtration and then
washing the precipitate so separated. The washing is usually carried out by
repeating an operation of repulping and filtration until the pH of the
washings becomes nearly neutral. 



To cause a hydrotalcite-like phase to grow, useless carbonates are removed
as soon as possible after preparation of the precipitate and then the
precipitate is aged. The    -8- aging is effected at a temperature of from
[err] to [err], preferably of from [err] to [err]. It takes 10 minutes or
more, preferably 30 minutes or more, to age the precip- itate. The
precursor containing copper and aluminum and not containing substantially
malachite and aluminum hydroxide is preferably of a hydrotalcite-like
phase. The precursor containing copper and aluminum and not containing
substantially malachite and aluminum hydroxide, in which the atomic ratio
of trivalent metal ions to divalent metal ions is in the range of 20/80 to
45/55, can be prepared by mixing the alkali with an aqueous solution
containing copper and aluminum, in which the atomic ratio of trivalent
metal ions to divalent metal ions is in the range of 20/80 to 45/55, to
form a precipitate. 



Further, the precursor containing copper and aluminum and not containing
substantially malachite and aluminum hydroxide, in which the atomic ratio
of trivalent metal ions to divalent metal ions is in the range of 25/75 to
30/70, can be prepared by mixing the alkali with an aque- ous solution
containing copper and aluminum, in which the atomic ratio of trivalent
metal ions to divalent metal ions is in the range of 25/75 to 30/70, to
form a precipi- tate. In the present invention, the precursor is reduced to
prepare a catalyst, and the reduction is carried out in    -9- any of a
liquid or gas phase. Hydrogen is commonly used as the reducing agent, but
carbon monoxide, ammonia, a lower alkane, a lower alkanol, hydrazine, a
hypophosphite, sodium boron hydride and lithium aluminum hydride may also
be used. The reduction temperature is generally in the range of from 100 to
[err], preferably of from 150 to 300 [err], in the gas phase. The reduction
time is preferably in 



the range of from 1 minute to 30 hours, particularly of from 10 minutes to
15 hours. Further, in the liquid phase, the reduction is usually effected
at a temperature of from 10 to [err], preferably of from 25 to [err]. The
reduction time in the liquid phase is generally from 30 seconds to 30
hours, preferably from 1 minute to 15 hours, depending on the kind of the
reducing agent used. No particular restriction is placed on the
concentration of the reducing agent.  However, a low concentration is
preferred so as to control sintering of the copper. The pressure upon
reducing the precursor is not particularly limited. The reduction may be
effected under vacuum, at atmospheric pressure or under pressure. The
hydration reaction according to the present invention may be effected in a
liquid phase as a batch reaction or a flow reaction. Where the hydration is
effected in a liquid phase as a flow reaction in the presence of a catalyst
obtained by reducing a precursor having not been aged, clogging is    



- 10 - liable to occur at the filter part for separating the catalyst from
the reaction fluid. On the contrary, with a catalyst obtained by reducing a
grown-up hydrotalcite-like phase not containing substantially malachite and
aluminum hydroxide, no clogging takes place advantageously at the filter.
No particular limitations are placed on the nitrile used in the hydration
reaction according to the present invention. Illustrative examples of the
nitrile include saturated aliphatic nitriles such as acetonitrile and
propionitrile, unsaturated aliphatic nitriles such as acrylonitrile and
methacrylonitrile, and aromatic nitriles such as benzonitrile and
nicotinonitrile. Compounds which can be produced by the present inven- tion
are amides corresponding to the nitriles, which are formed by adding water
to the nitriles. The hydration of nitriles according to the present
invention may proceed at room temperature or even at a temperature below
room temperature. However, the rate of reaction can be increased by raising
the temperature of the reaction. A preferred temperature range is from 50
to 



[err], particularly from 50 to [err].  The reaction time in a batch
reaction is from 10 minutes to 20 hours, pref- erably from 30 minutes to 10
hours. The residence time in a flow reaction is from 10 minutes to 20
hours, preferably from 30 minutes to 10 hours.    No particular restriction
is imposed on the amount of the water used in the hydration reaction
according to the present invention. However, the water may preferably be
used in an amount of several moles to several ten moles for each mole of
the nitrile. The hydration reaction according to the present invention
readily proceeds at atmospheric pressure, but it may also be carried out
under pressure. The present invention will be illustrated more specifically
by the following examples. Examples: I.   Preparation of catalyst: Catalyst
1: First, 0.14 mole of [err] and 0.06 mole of 



[err] were dissolved in water to a total volume of 300 ml. Then, 0.345 mole
of sodium carbonate was dissolved in water to a total volume of 300 ml. The
above-described aqueous metal salt solution and aqueous alkali solution
were fed to a vessel with a stirrer in the same amounts by means of their
respective quantitative pumps to prepare a precipitate. Immediately after
completion of the addition, the precipitate was separated from the mother
liquor by filtration. Continuously and directly, the precipitate was
repulped repeatedly and washed until the washings became neutral. It took 2
hours to wash the precipitate. After the washing, the    - 12 precipitate
was dried at [err] for 5 hours. The composition of the resultant
precipitate was found to be of an undeveloped hydrotalcite-like phase as a
result of an X-ray diffraction measurement. An infrared spectroscopic
measurement revealed that no aluminum hydroxide was present in the
precipitate. The precursor 



thus dried was transferred to a furnace where it was heated gradually in a
gas stream of 10% hydrogen and 90% nitrogen to [err] at which it was
reduced for 5 hours to obtain a catalyst. Catalyst 2: A catalyst was
prepared in the same manner as in the preparation of the catalyst 1 except
that 0.16 mole of [err] and 0.04 mole of [err] were used in place of 0.14
mole of [err] and 0.06 mole of [err] and 0.33 mole of sodium carbonate was
used in place of 0.345 mole of sodium carbonate. The composition of the
resultant precursor was of an undeveloped hydrotal- cite-like phase. An
infrared spectroscopic measurement revealed that no aluminum hydroxide was
present. Catalyst 3: A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that 0.11 mole of [err] and 0.09 mole
of [err] were used in place of 0.14 mole of [err] and 0.06 mole of [err]
and 0.37 mole of sodium carbonate was used in   



- 13 - place of 0.345 mole of sodium carbonate. The composition of the
resultant precursor was of an undeveloped hydrotal- cite-like phase. An
infrared spectroscopic measurement revealed that no aluminum hydroxide was
present. Catalyst 4: A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that potassium carbonate was used in
place of sodium carbonate. The composition of the precursor after the
drying was of an undeveloped hydrotalcite-like phase. An infrared
spectroscopic measurement revealed that no aluminum hydroxide was present.
Catalyst 5: A catalyst was prepared in the same manner as in the
preparation of the catalyst 1 except that the slurry obtained after the
washing was aged at [err] for 2 hours. The composition of the precursor
after the aging was found to be of a grown-up hydrotalcite-like phase as a
result of an X-ray diffraction measurement. An infrared spectro- scopic
measurement revealed that no aluminum hydroxide was 



present. Catalyst 6: A catalyst was prepared in the same manner as in the
preparation of the catalyst 5 except that 0.12 mole of [err] and 0.04 mole
of [err] were used in place of 0.14 mole of [err] and 0.06 mole of    - 14
- [err] and 0.27 mole of sodium carbonate was used in place of 0.345 mole
of sodium carbonate. The composition of the precursor after the aging was
found to be of a grown-up hydrotalcite-like phase as a result of an X-ray
diffraction measurement. An infrared spectroscopic meas- urement revealed
that no aluminum hydroxide was present. Catalyst 7: A catalyst was prepared
in the same manner as in the preparation of the catalyst 1 except that a
mixture of 0.12 mole of [err] and 0.02 mole of [err] was used in place of
0.14 mole of [err]. The composition of the precursor after the drying was
found to 



be of an undeveloped hydrotalcite-like phase as a result of an X-ray
diffraction measurement. An infrared spectro- scopic measurement revealed
that no aluminum hydroxide was present. Catalyst 8: A catalyst was prepared
in the same manner as in the preparation of the catalyst 1 except that
ammonium carbonate was used in place of sodium carbonate. The composition
of the precursor after the drying was of an undeveloped hydrotalcite-like
phase. An infrared spectroscopic measurement revealed that no aluminum
hydroxide was present. Catalyst 9: First, 0.17 mole of [er] and 0.03 mole
of    - 15 - [err] were dissolved in 400 ml of water. Then, 0.215 mole of
ammonium carbonate was dissolved in 400 ml of water. The aqueous metal salt
solution and the aqueous alkali solution were added simultaneously to a
vessel with 



a stirrer. After completion of the addition, the mixture was stirred
continuously for about 30 minutes. The pre- cipitate so obtained was
separated by filtration and repulped repeatedly until the washings became
neutral. It took 2 hours to wash the precipitate. After the washing, the
precipitate was dried at [err] for 5 hours. The composition of the
coprecipitate after the drying was found to be of an undeveloped
hydrotalcite-like phase and malachite-as a result of an X-ray diffraction
measurement. An infrared spectroscopic measurement clarified that no
aluminum hydroxide was present. The coprecipitate having undergone the
drying was baked at [err] allowed to cool, and then heated gradually in a
stream of 20% hydrogen and 80% nitrogen to [err] at which it was reduced
for 4 hours to obtain a catalyst. Catalyst 10: A catalyst was prepared in
the same manner as in the preparation of the catalyst 1 except that a
mixture of 0.03 mole of sodium carbonate and 0.4 mole of sodium hydroxide
was used in place of 0.345 mole of sodium carbonate. The composition of the
precursor after the drying was of a hydrotalcite-like phase as a result of
an 



- 16 - X-ray diffraction measurement. An infrared spectroscopic measurement
clarified the presence of an aluminum hydroxide phase. Catalyst 11: A
catalyst was prepared in the same manner as in the preparation of the
catalyst 1 except that 0.10 mole of [err] and 0.10 mole of [err] were used
in place of 0.14 mole of [err] and 0.06 mole of [err] and 0.37 mole of
sodium carbonate was used in place of 0.345 mole of sodium carbonate.  The
composition of the resultant precursor was of an undeveloped hydrotal-
cite-like phase. An infrared spectroscopic measurement clarified the
presence of aluminum hydroxide. Catalyst 12: A catalyst was prepared in the
same manner as in the preparation of the catalyst 1 except that 0.18 mole
of [err] and 0.02 mole of [err] were used in place of 0.14 mole of [err]
and 0.06 mole of 



[err] and 0.315 mole of sodium carbonate was used in place of 0.345 mole of
sodium carbonate. The composition of the resultant precursor was of an
undeveloped hydrotalcite-like phase and malachite. An infrared
spectroscopic measurement revealed that no aluminum hydroxide was present.
Catalyst 13: A catalyst was prepared in the same manner as in the    - 17 -
preparation of the catalyst 1 except that 0.06 mole of [err] and 0.14 mole
of [err] were used in place of 0.14 mole of [err] and 0.06 mole of [err]
and 0.40 mole of sodium carbonate was used in place of 0.345 mole of sodium
carbonate. The composition of the resultant precursor was of an undeveloped
hydrotal- cite-like phase. An infrared spectroscopic analysis clarified the
presence of aluminum hydroxide. II. General illustration with reference to
drawings: Fig. 1 gives infrared absorption spectra, in which a) 



is for a precursor not containing aluminum hydroxide, b) is for a precursor
in which an aluminum hydroxide phase has been formed, and c) is for a
single aluminum hydroxide phase prepared for comparison by a precipitation
method. Sharp peaks at 1387 [err] and somewhat broad peaks at 1525 [err]
seen in b) and c) show the formation of an aluminum hydroxide phase. Fig. 2
shows an X-ray diffraction for an undeveloped hydrotalcite-like phase; Fig.
3 gives an X-ray diffraction for a hydrotalcite-like phase developed by
aging; and Fig. 4 denotes an X-ray diffraction for an undeveloped hydro-
talcite-like phase with malachite mixed. Measurements of X-ray diffraction
were made by means of a copper rotating anode of 50 kV and 200 mA using a
monochrometer as the de- tecting element. In X-ray diffraction, where about
0.5% or more of a crystal phase is mixed, it is possible to    determine it
semi-quantitatively from the diffraction pattern. As is clear at a glance,
it can be said that absolutely no malachite is present in Figs. 2 and 3. 



Malachite is clearly present to a larger extent in Fig. 4 and hence the
catalyst 9 is not satisfactory in view of activity. III. Hydration reaction
of nitrile: Examples 1 to 8: In a 100-ml glass reactor were charged 3 g of
the catalyst 1, 2, 3, 4, 5, 6, 7 or 8 and 65 ml of an aqueous 15.4%
acrylonitrile solution, and the contents were reacted at [err] for 2 hours
while being stirred in a thermostat. The products were identified by liquid
chromatography. The results are shown in Table 1. Comparative Examples 1 to
5: Reaction was carried out in the same manner as in Example 1 except that
the catalyst 9, 10, 11, 12 or 13 was used in place of the catalyst 1 in the
method of Example 1. The results are given in Table 1.    - 19 - Table 1
Example Catalyst [err] c) Conversion a) Selectivity b) 



1        1        30/70        72.4            99.3 2        2        20/80
68.4            99.6 3        3        45/55        68.1            99.1 4
4        30/70        72.6            99.2 5        5        30/70
70.8            99.7 6        6        25/75        70.3            99.2 7
7        30/70        72.0            99.4 8        8        30/70
70.1            99.2 Comp. Ex. 1        9        15/85        41.2
99.3 2       10        30/70        65.3            99.2 3       11
50/50        61.5            99.2 4       12        10/90        51.2
99.2 5       13        70/30        43.6            99.1 a)   Acrylonitrile
conversion (%) b)   Acrylamide selectivity (%) c)   Atomic ratio of
trivalent metal ions to divalent metal ions    - 20 - CLAIMS: 



1.   A method for preparing a copper catalyst for the hydration of a
nitrile which comprises reducing a precur- sor containing copper and
aluminum and not containing substantially malachite and aluminum hydroxide.
2.   The method according to Claim 1 wherein the precursor is one prepared
by mixing an alkali with an aqueous solution containing copper ions and
aluminum ions in which the atomic ratio of trivalent metal ions to divalent
metal ions is in the range of from 20/80 to 45/55. 3.   The method
according to Claim 1 wherein the precursor is one prepared by mixing an
alkali with an aqueous solution containing copper ions and aluminum ions in
which the atomic ratio of trivalent metal ions to aluminum ions is in the
range of from 25/75 to 30/70. 4.   The method according to Claim 2 or 3
wherein the alkali is the carbonate or hydrogencarbonate of at least one
alkali metal selected from lithium, sodium, potassium, rubidium and cesium,
ammonium carbonate or ammonium hydro- gencarbonate. 5.   The method
according to Claim 1 wherein the  



- 21 - precursor is one which contains trivalent metal ions and divalent
metal ions in an atomic ratio in the range of from 20/80 to 45/55. 6.   The
method according to Claim 1 wherein the precursor is one which contains
trivalent metal ions and divalent metal ions in an atomic ratio in the
range of from 25/75 to 30/70. 7.   The method according to Claim 1, 2, 3,
4, 5 or 6 wherein the precursor is of a hydrotalcite-like phase. 8. The
method according to Claim 2, 3 or 4 wherein the hydrotalcite-like phase is
obtained by forming a precipitate which is to be the precursor and then
aging the precipitate at a temperature of from [err] to [err]. 9.   The
method according to Claim 8 wherein the temperature at which the
precipitate is aged is from [err] to [err]. 10.   A copper catalyst for the
hydration of a nitrile which is obtainable by any one of the methods
according to Claims 1 through 9. 



11.   A method for the hydration of a nitrile in which    - 22 the copper
catalyst according to Claim 10 is used.    


