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SPECiFICATION

TITLE OF THE INVENTION

A Solid basic catalyst, a process for producing the
same and a process for producing a carbonyl compound
derivative using the same
BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a'solid basic catalyst, a
process for producing the same and a process for producing a
carboqyl compound derivative using the same. More
particularly, it relates to a catalyst composed bf solids
containing barium and calcium as.constituent élements
thereof. .
2. Description of the Reiated Prior Art

When a reaction is carriéd out using a base as a
catalyst, alkali metal hydroxides represented by sodium
hydroxide has been broadly used. However, the reaction
using the alkali metal hydroxides is a homogeneous reaction,
and a large quantity of waste water occurs due to
neuﬁralization, water-washing, etc. carried out after the
reaction. In a case of a process for producing a glycol
monoester from an aldehyde, as one of reaciion using a base
catalyst, Japanese patent publication No. Sho 58-65245
wherein an alkaline earth metal oxide is used, discloses
only barium oxide or magnesium oxide in its Examples, and

the reaction using barium oﬁide_eﬁhibitéﬂafhiéh catalytic
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activity, but the selectivity of glycol monoester as product
is low. -On the other hand, in the reaction using magnesiqm
oxide, the activity of the c;talyst is low. 1In the case of
a reaction using a carboxylic acid salt as catalyst, since
an organic compound other than the reaction compounds is
used, there is a possibility that the compound mixes in a
product. Further, in the cases of producing diacetone
alcohol from acetone or producing a dimer aldehyde from an
aldehyde, too, when a reaction is carried out using a
catalyst disclosed in Applied Catalysis, 59 (1990), 291-309,
-which is a known compound, it has been impossible to obtain
‘a sufficient catalytic activity. As described above,
according to conventional catalysts, a large quantity of
waste water occurred, or it has been difficult to obtain a
sufficient catalytic activity or a sufficient selectivity of
product.

Further, in general, when a reaction is carried out
using a heterogenous solid catalyst system, the reac;ion is
superior to a reaction using a homogeneous catalyst system,
in that |
(1) operations of neutralization\of catalyst, water
washipg, etc. are unnecessary, and waste water is absent or
its quantity is very small;

(2) it is possible to reuse the catalyst; and
(3) a high selectivity is rather easily 6btained.

Thus, when a hééerbgeneous solid'catalyst system is
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" used to obtain the objective product as compared with a
homogeneous system catalyst, it is expected that the process
is more simple; the cost of a plant therefor is cheaper; and
a higher yield is obtained. However, it is the present
status that a solid catalyst having a high activity and a
high selectivity has not yet been found.

The object of the'present invention is to provide an
efficient solid catalyst capable of obtaining the objective
product with a high selectivity.

SUMMARY OF THE INVENTION

The present inventors have found that when a specified
solid substance containing barium and calcium as constituent
elements in a specified proportion is used as catalyst, it
is possible to produce the objective product with a high
activity and a high selectivity.

The present invention has the following aspects (1) to
(16) :

(1) A solid basic catalyst comprising barium and calcium as
congtituent elements thereof, the barium content thereof
being 0.09 to 10% by weight; and the ratio of the calcium

- content to the barium content being in the range of 6.4 to
793.

(2) A s0lid basic catalyst according to item (1), wherein
the solid basic catalyst is barium-suppofting calcium oxide.
(3) A solid basic catalyst according to item (1), wherein

said solid basic catalyst is a composite oxide of barium



oxide and calcium oxide.

(4) A solid basic catalyst composed of barium-supporting

| calcium oxide, obtained by adding at least one kind of
nitrate, hydroxide or an organic acid salt of barium or an
aqueous solution of the foregoing, to a suspension obtained
by dispersing calcium hydroxide or calcium oxide or these
compounds in water, followed by drying the resulting mixturé

and subjecting the dried material to thermal decomposition

~at 500° to 1200° C in vacuum, an inert gas or air, barium

being contained in a range.of 0.1 to 10% by weight, and the
ratio of the calcium content to the barium content being in
the range of 6.4 to 713.

(5) A solid basic catalyst coméosed of a composite oxide of
barium oxide and caiciuﬁ oxide, obtained by adding a
compound containing carbonate ‘ion, to an agueous solution
containing at least one kind of nitrate, hydroxide or an
organic salt of barium and at léast one kind of nitrate or
an organic acid salt of calciﬁm, followed by drying the

resulting precipitate, and subjecting the dried material to

thermal decomposition at 600° to 1200° C in vacuum, an inert

gas or air, barium being contained'in a range of 0.09 to 9%
by weight and calcium being contained in a ratio of the
calcium content to the barium content of 7.2 to 793.

(6) A solid basic catalyst composed of a composite oxide of

barium oxide and calcium oxide, obtained by adding a
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compound containing carbonate ion, td a an agqueous solution
containing at least one kind of nitrate, hydroxide or an
organic acid_salt of barium and at least one kind of nitrate
or an organic acid salé of calcium, followed by drying the
resulting precipitate, and subjecting the resulting

precursor containing a calcium carbonate of vaterite

strﬁcture, to thermal decomposition at 600' to 1200° C in

vacuum, an inert gas or air, barium being contained in a
range of 0.09 to 9% by weight and calcium being contained in
a ratio of the calcium content to the barium content of 7.2
to 793. _

(7) A solid basic catalyst composed of a coméosite oxide of
barium oxide and calcium oxide, obtained by impregnating
calcium carbonate with a an agueous solution of at least one
kind of nitrate, hydroxide or an organic acid salt of
barium, followed by drying the resulting material, and
subjecting the dried material to thermal decomposition at a

temperature of 600° to 1200° C in vacuum, an inert gas or

air, barium being contained in 0.09 to 9% by weight and
calcium being contained in a ratio of calcium content to
barium content within a range of 7.2 to 793.

(8) A process for producing a solid basic catalyst composed
of barium-supporting calcium oxide, which process comprises
adding an aqueous solution of at least one kipd of nitrate,

hydroxide or an organic acid salt of barium, to a suspension
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having calcium hydroxide or calcium oxide or these compounds
dispersed in water, followed by drying the mixture and

subjecting the dried material to thermal decomposition at

500° to 1200° C in vacuum, an inert gas or air, barium being

contained in a quantity of 0.09 to 9% by weight and the
ratio of the calcium content to the barium content being in
a range of 6.4 to 713.

(9) A process for_producing a solid basic catalyst composed
of a composite oxide of barium oxide and calcium oxide,
whiéh process comprises adding.a carbonate ion-containing
compound to an agueous éolution composed of at least one
kind of nitrate hydroxide or an ofganic acid salt of barium
and nitrate, or an organic acid salt of calcium, followed by

drying the resulting precipitate and subjecting the dried

material to thermal decomposition at 600° to 1200° C in

vacuum, an inert gas or air, the barium content being 0.09
to 9% by weight and the ratio of the calcium content to the
barium content being in tﬁe range of 7.2 to 793.

(10) A process fof.producing a solid bésic catalyst composed
of a composite oxide of barium oxide and calcium oxide,
which process comprises adding a carbona;e.ionecontaining
compound té a solution composed of at least one kind of
nitrate, hydroxide or an organic acid salt of barium and at
least one kind of nitrate or an organic acid salt of

calcium, followed by drying the resulting precipitate and
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subjecting the resulting precursor containing calcium

carbonate of vaterite structure to thermal decomposition at

600° to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight énd the ratio of the
calcium content to the barium conteht being in the range of
7.2 to 793.

(11) A process for producing a solid basic catalyst composed
of a composite oxide of barium oxide and calcium oxide,
which process comprises impregnating calcium carbonate with
an agueous solufion composed of at least one kind of
nitrate, hydroxide or an organic'acid salt of barium,
followed by drying the resulting material, and subjecting

the resulting dried material to thermal decomposition at 600

® to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight, and the ratio of the
calcium content to the barium content being in a range of
7.2 to 793.

(12).A process fof producing a carbonyl compoundlderivative
from a carbonyl compound, which process uses a solid basic
catalyst according to either one of items (1) to (7).

(13) A process according to item (12), wherein said carbonyl
compound is an aldéhyde:of 4 to 8 carbon atoms.

(14) A process according to item (12), wherein said carbonyl:
compound is isobutylaldehyde and said carbonyl compound

derivative is 2,2,4-trimethyl-1,3-pentanediol mono-isobutyla



te.
(15) A process according to item f12), wherein said carbonyl
compound‘ié normal butylaldehyde and said carbonyl éompound
derivative is 2-ethylhexenal.
(16) A process according.to item (12), wherein said carbonyl
compound is acetone and,saié.carbpnyl compound derivative is
diacetone alcohol.
DETAILED DESCRIPTION OF THE INVENTION

The solid basic catalyst used in the present invention
may be in any solid form such as powdery form, granular form
or bulky form, but its size is preferably that of 30 to 450
. As to the production of the catalyst of the present
invention, the barium-supporting calcium oxide may be
obtained by'adding at least one kind of nitrate, hydroxide
or an organic acid salt of barium or an aqueous solution of
the foregoing, preferably an agqueous solution of barium
nitrate or barium ﬁydroxide, to a suspension obtained by
dispersihg calcium hydroxide. calcium oxide or these in
water, preferably to a calcium hydroxide-water suspension,
followed by drying the resulting mixture and further

subjecting the dried material to thermal decomposition at
500° to 1200° C, preferably 600° to 1000° C, the weight of
barium in the solid catalyst being preferably 0.1 to 10% by

weight and the ratio of the calcium content to the barium

content being preferably 6.4 to 713. If the temperature of
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nitrate is not comp;etely decomposed, while if the

temperature exceeds 1200° C, the activity of the catalyst

lowers notably due to its sintering.

In the present inventi6n, the composite oxide of barium
oxide and calcium oxide may be a precursor formed as a
precipitate when a carbonate ion-containing compound is
- added to a solution of at least kind of nitrate, hydroxide
or an organic acid salt such as acetic acid salt of barium
and at least one kind of nitrate or an organic acid salt
such as acetic acid salt of calcium,.preferably a precursor
containing calcium carbonate of vaterite structure. Such a
precursof'or solids obtained by impregnating calcium
carbonate with a solution of at least one kind of nitrate,
ﬁydroxide or an organic acid salt such as acetic acid salt,

are dried, followed by subjecting'the dried material to

thermal decomposition at 600° to 1200° C, preferably 800° to

1000° C, the weight of barium in the solid catalyst being

preferably 0.09 to 9% by weight and the ratio of calcium
content to barium content being preferably 7.2 to 793. If

the temperature of the thermal decomposition is lower than
600° C, a sufficient activity cannot be obtained since the
carbonate is not completely decomposed, while if the

temperature exceeds 1200° ¢, the catalyst activity lowers
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notably due to‘the sintefing of the catalyst.

When the barium content is lower than 0.09%, the
selectivity of the objective product is low, while when it
exceeds 100% by weight, the catalytic activity lowers.

As to the ratio of calcium content to barium content,
for example, if the barium content is specified in the
barium-supporting calcium oxide compound or the composite
compound of barium oxide-calcium oxide, it is also possble
to easily calculate the ratio from the above value. If the
ratio of the calcium content to the barium content is
outside the range of 6.4 to 793, the resulting properties
are inferior to the superior properties well-balanced
between the high activity and high selectivity, as exhibited
in the present invention.

The atmosphere at the time of the thermal decomposition
is not particularly limited. Namely, it is possible to
carry out the decomposition under reduced pressure, in an
inert gas or in air. Preferably, it is carried out under
reduced pressure.

When the objective compound is produced using the solid
gatalyst of the present invention, the'qﬁanties of acid and
water contained as impurities, in the carbonyl compound as a
raw material, are preferred to be small, but when the acid
content is 1% by weight or less and thg waﬁer content is 5%
by weight or less, it is possible to sufficiently use the |

compound in the present invention.
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As the carbonyl compound used in the present invention,
aldehydes, preferably aldehydes of 4 to 8 carbon atoms, such
as isobutylaldehyde, normal bﬁtylaldehyde, 2-ethylbutylaldeh
yde, 2-ethylhexylaldehyde, etc. can be exemplified, and
acetone, too, can be preferably used, but the present
invention is not limited to ;hese compounds.

The catalyst of the present invention can be preferably
used for producing carbonyl compound derivatives, and
pafticularly when 2,2.4—frimethyl-1,3—pentanediol
monoisobutyrate is producgd from isobutylaldehyde, when 2-
gthylhexanal is produced from normal-butylaldehyde or when
diacetone alcohol is produced from acetone, the catalyst is
preferable to be usedi Ambng these, when 2,2,4-trimethyl-~
1, 3-pentanediol monoisobutyrate is produced from
isobutylaldehyde, the effectiveness of the catalyst is
large, but the present invention is not limited to these.

The catalyst of the present invention is utilizable to
either of a continuous system by way of fixed bed or a batch
system.

The quantity of the catalyst of the present invention
used is in the range of 0.01 to 100% by weight based upon
the weight of the reaction.solution, but it is not limited
to the above. As the barium-supporting calcium oxide, it is
preferable to use it in a range of 0.01 to 20% by weight,
more preferably 0.05 to 10% by weight, based upon the weight

of the reaction solution, in the batch system, for example.
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As the composite oxide of barium oxide-calcium oxide, it is

preferable to use it in a range of 0.01 to 20% by weight,

more preferably 0.05 to 10% by weight based upon the weight

of the reaction solution, in the batch system, for example.
The reaction temperature at the time of using the

catalyst of the present invention can be éhosen in a range
of 10° to 130° C; When the barium-supporting calcium oxide
is used as catalyst, in the case of batch system reaction,
it is preferred to react a mixture of the catalyst with the

reaction solution at a temperature of 10° to 130° C for 0.5

to 8 hours. If the temperature is lower than 10° C, the

reaction rate is insufficient, while if the temperature
exceeds 130° C, the selectivity of the product becomes
inferior. wWhen the composite oxide of barium oxide-calcium

oxide is used as catalyst, in a batch system reaction, for

example, it is preferred to react a mixture of the catalyst

with the reaction solution at a temperature of 10° to 130° C
for 0.2 to 3 hours. If the temperature is lower than 10° C,
the reaction rate is insufficient, while if it exceeds 130
. C, the selectivity of the product becomes inferior.

After the reaction, in order to obtain the objective
product from the reaction solution, the catalyst is filtered
off from the reaction solution, and then the filtrate is

distilled according to a known method.
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(Example)

The present invention will be concretely explained by
way of Examples and Comparative examples, but the pfesent
invention should not be construed to be restricted thereto.
Example 1

Calcium hydroxide (Ca(OH)z, made by Kanto Kagaku) (38.5
g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO3)2, made by Wako Junyaku)

(1.5 g) in purified water (200 ml), adding the resulting
solution to the above suspension of calcium hydroxide,
mixing them and drying. The resulting white solids (4.0 g)

were calcined at 900° C for one hour in vacuum, followed by

gopling ﬁﬁe resulting material down to room temperature, to
obtain a catalyst containing 3% by weight of barium (3.7 g).
The total quantity of the catalyst was transferred into a
reactor, followed by adding isobutyraldehyde (200.0 g),

stirring the mixture, reacting it at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The resﬁlts are
as foilows: |
Conversion of isobutyraldehyde : 90.7%
Selectivity of 2,2,4-trimethyl-1,3-pentanediol
monoisobutyrate (hereinafter abbreviated to CS-12) : 89.8%

Yield of CsS-12 : 81.4%

Example 2
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Calcium hydroxide (Ca(OH);, made by Kanto Kagaku) (37.7

g) was suspended in purified water (106 ml), followed by

dissolving barium nitrate (Ba(NO;)2, made by Wako Junyaku)

(2.5 g) in purified water (200 ml), adding the resulting
solution to the above suspension of calcium hydroxide,

mixing them and drying. The resulting white solids (4.0 g)

were calcined at 900° C for one hour in vacuum, followed by

cooling the resulting material down to room temperature, to
obtain a catalyst containing 5% by weight of barium (3.9 g).
The total quantity of the catalyst was transferred into a

reactor, followed by adding isobutyraldehyde (200.0 g),

stirring the mixture, reacting it at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The results are
as follows:

Conversion of isobutyraldehyde : 91.4%

Selectivity of CS-12) : 89.1%

Yield of CS-12 : 81.4%

Example 3 _
Calcium hydroxide (Ca (OH) 2, made by Kanto Kagaku) (38.9

g) was suspended in purified water (100 ml), followed by

dissolving barium nitrate (Ba(NO;3)2, made by Wako Junyaku)

(1.1 g) in purified water (200 ml), adding the resulting

"solution to the above suspension of calcium hydroxide,

mixing them and drying.' The resulting white solids (4.0 g)
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were calcined at 700° C for one hour in vacuum, followed by

éooling the resulting material down to room temperature, to
obtain a catalyst containing 2% by weight of barium (3.7 g).
The total quantity of the catalyst was transferred into a
reactor, followed by adding isobutyraldehyde (200.0 g),

reacting the mixture with stirring at 110° C for one hour,

filtering off the reaction solution and analyzing the
filtrate according to gas chromatography. The results are
as follows: |

Conversion of isobutyraldehyde : 92.4%

Selectivity of CS-12 : 84.0%

Yield of CS-12 : 77.4%
‘ .
| Calcium hydroxide (Ca(OH);, made by Kanto Kagaku) (39.2
g) was suspended in purified water (100 ml), followed by
dissolving barium nitrate (Ba(NO3)2, made by Wako Junyaku)
(0.5 g) in purified water (200 ml), adding the resulting
solution to the above suspensioﬂ of calcium hydroxide,
mixing them and drying. The resulting white solids (4.0 g)

were calcined at 700° C for one hour in vacuum, followed by

cooling the resulting material down to room temperature, to
obtain a catalyst containing 1% by weight of barium (3.9 g).
The total quantity of the catalyst was traﬁsferred into a
reactor, followed by adding isobutyraldehyde (200.0 g),

mixing them and reacting the mixture with stirring at 110° C
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for one hour. The reaction solution was filtered off,
followed by analyzing the filtrate according to gas
chromatography. The results are as follows:
Conversion of isobutyraldehyde : 90.9%
Selectivity of CS-12 : 83.8%
Yield of CS-12 : 76.2%
Example 5 |

Calcium nitrate tetrahydrate salt (Ca(NO3)2 * 4H20, made
by Wako Junyaku) (122.6 g) and barium nitrate (Ba(NO3);, made

by Wako Junyaku) (1.7 g) were dissolved in purified water
(500 ml), followed by adding a solution obtained by

dissolving ammonium carbonate ((NH4q)2C0;, made by Wako

Junyaku) (60.6 g) in purified water (300 ml) to the above
solution, filtering off the resulting precipitate, water-
washing and drying, to obtain a precursor of vaterite

structuie which was white solids. The white solids (7.3 g)

were_calcined at 900° ¢ for one hour in vacuum, followed by

transferring the calcined material into a reactor, adding
isobutyraldehyde (200.0 g), stirring the mixture, reacting

it at 60° C for 0.5 hour, filtering off the reaction

solution and analyzihg the filtrate according to gas

chromatography. The results are as follows:
Conversion of isobutyraldehyde : 98.8%
Selectivity of CS-12 : 93.8%_.

vield of CS-12 : 92.7%
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Example 6
Calcium carbonate (CaCO3;, made by Wako Junyaku) (84.8 g)
was suspended in purified water (200 ml), folloWed by

dissolving barium nitrate (Ba(NO;);, made by Wako Junyaku)

(4.8 g) in purified water (150 ml), adding this solution to
the above suspension of calcium carbonate, mixing them and

dryingf The resulting white solids (7.3 g) were calcined at
900° C, for one hour.in vacuum, follond by transferring the
resulting material into a reactor, adding isobutyraldehyde
(200.0 g), mixing them, reacting at 60° C for 0.5 hour,

_filtering off the reaction solution and analyzing the
filtrate gccording to gas chromatography. The results are
as follows:

Conversion of isobutyraldehyde : 95.4%

Selectivity of CS-12 : 89.7%

Yield of CS-12 : 85.6%
Example 7

Calcium carbonate (CaCO;, made by Wako Junyaku) (52.0 g)
was suspended in purified water (200 ml), followed by

dissolving barium nitrate (Ba(NOj);, made by Wako Junyaku)

(1.7 g) in purified water (100 ml), adding the resulting
solution to the above suspension of calcium carbonate,

mixing them and drying. The resulting white solids (7.3 g)

were calcined at 900° C, for one hour in vacuum, followed by
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transferring the resulting material into a reactor, adding
isobutyraldehyde (200.0 g), stirring the mixture, reacting

it at 90° C for 0.6 hour, filtering off the reaction

solution and analyzing the resulting filtrate according to
gas chromatography. The results are as follows:

Conversion of isobutyraldehyde : 97.6%

Selectivity of CS-12 : 87.0%

Yield of CS-12 : 84.9%
- Example 8

The reaction raw solution obtained in Example 5 was
filtered according to a conventional method, and the
resulting filtrate (150 g) was purified according to
conventional rectification. The results are shown below.

Yield of CS-12 : 135.2 g

Rectification efficiency.: 97.2%

Example 9

White solids (7.3 g) obtained.in the same manner as in
Example 5 were calcined at 900° C for 2 hours in vacuum,
foilowed by transferring the resulting material into.a
reactor, adding isobutyraldehyde (600.0 g), stirring the
mixture and reacting it at 80° C for one hour, filtering off
the reéction solution and analyzing the filtrate according
to gas chromatography. The results are shown below.

Conversion of isobutyraldehyde : 95.4%

Selectivity of CS-12 : 95.3%
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Yield of CS-12 : 90.9%

Exanple 10

White solids (7.3 g) obtained in the same manner as in

Example 5 were calcined at 950° C for 3 hours in vacuum,

followed by transferring the calcined material into a

reactor, adding isobutyraldehyde (600.0 g), stirring the

mixture, reacting the mixture at 80° C for 2 hours,

filtering off the reaction solﬁtion_and analyzing the
filtrate according to gas chromatsgfaphy. The results are
shown below.

Conversion of isobutyraldehyde : 89.3%

Selectivity of CS-12 : 95.2%

vield of CS-12 : 85.0%

Exanmple 11

white solids (7.3 g) obtained in the same manner as in

Example 5 were calcined at 1000° ¢ for 2 hours in nitrogen

gas, followed byltransferring the calcined material into a

reactor, adding isobutyraldehyde (600.0 g), stirring the
mixture, reacting at 80° C for 1.2 hour, filtering off the

reactioh solution, and analyzing the filtrate according to
gas chromatography. The results are shown below.
Conversion of isobutyraldehyde : 95.2%
Selectivity of CA-12 : 94.8.%

Yield of CS-12 : 90.3%

Example 12



20
White solids (36.5 g) obtained in the same manner as in

Example 5 were calcined at 1000° C for 2 hours in air,

followed by transferring the calcined material into a

reactor, adding isobutyraldehyde (600.0 g), stirring the
‘mixture, reacting it at 80° C for 3 hours, filtering off the

reaction solution and analyzing the filtraté according to
gas chromatography. The results are shown below.
Conversion of isobutyraldehyde : 96.1%
Selectivity of CS-12 : 93.1%

Yield of CS-12 : 89.5%

Exanmple 13

White solids (7.3 g) obtained in the same manner as in
Example 5 were calcined at 800° C for 3 hours in vacuum,
followed by transferring the.calcined material into a
reactor; adding normal butyraldehyde (200.0 g), stirring the
mixture, reacting it at 80° C for 2 hours, filtering.off the
reaction solution and analyzing the filtrate according to
gas chromatography. The results are shown below.

Conversion of normal butyraldehyde : 70.4%

Selectivity of 2-ethylhexenal : 89.2%

Yield of 2-ethylhexenal : 62.8%

Example 14

White solids“(7.3 g) obtained in the same manner as in

Example 7 were calcined at 800° C, for 3 hours in vacuum,

followed by transferring the calcined material into a
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reactor, adding normal butyraldehyde (200.0 g), stirring the

. mixture, reacting it at 80° C, for 2 hours, filtering off the

reaction solution and analyzing the filtrate according to
gas chromatography. The results are shown below.
Conversion of normal butyraldehyde : 76.9%
Selectivity of 2-ethylhexenal : 85.2%
Yield of 2-ethylhexenal : 65.5% |

Example 15

White solids (3.6 g) obtained in the same manner as in
Example 5 were calcined at 800° ¢, for 3 hours in vacuum,
followed by transferring the calcined material into a
reactor, adding acetone (200.0 g), stirring the mixture and
;eacting’it at 50° ¢, for 2 hours, filtering off the reaction
solution and'analyiing the filtrate according to gas
‘chromatography. The results are shown below.

Conversion of acetone : 9.3%

Selectivity of diacetone alcohol : 90.9%

vield of diacetone alcohol : 8.5%

Example 16

White solids (3.6 g) obtained in the same manner as in

Example 7 were calcined at 800° ¢, for 3 hours in vacuum,

followed by transferring the calcined material into a
reactor, adding acetone (200.0 g), stirring the mixture,

reacting it at 50° C for 2 hours, filtering off the reaction -

solution and analyzing the filtrate according to gas
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chromatography. The results are shown below.

Conversion of acetone : 12.6%

Selectivity of diacetone alcohol : 87.1%

Yield of diacetone alcohol : 11.0%
Example 17

The reaction raw solution obtained in Example 14 was
filtered according to a conventional method, followed by
rectifying the resulting filtrate (150 g) according to
conventional method. The resﬁlts are shown below.

~ Yield of diacetone alcohol : 15.8%

Rectification efficiency : 95.8%
. L le 1

Magnesium oxide (MgO, made by Wako Junyakg) (4.0 g) and

calcined at 700° C, for one hour in vacuum, followed by

cooling the calcined material down to room temperature,
transferring the total quantity of the compound into a

reactor, adding isobutyraldehyde (200.0 g), stirring the

mixture, reacting it at 110° C for 15 hours, filtering off

the reaction solution and analyzing the filtrate according
to gas chromatography. The results are shown below.
Conversion of isobutyraldehyde : 0.1%
Selectivity of CS-12 : 90.5%
Yield of CsS-12 : 0.009%
conparative example 2

Barium oxide (BaO, made by Wako Junyaku) (4.0 g) and
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isobutyraldehyde were placed in a reactor, followed by

stirring them, reacting it at 110° C for one hour, filtering

off the reaction solution and analyzing the filtrate
according to gas chromatography. The results are shown
below.

Conversion of isobutyraldehyde : 98.6%

" Selectivity of CS-12 : 20.8%

Yield of CS-12 : 20.5%
Comparative example 3

Calcium carbonate (CaCO;, made by Wako Junyaku) (3.7 g)

was calcined at 900° C for one hour in vacuum, followed by

transferring the calcined material into a reactor, adding

isobutyraldehyde (200.0 g), stirring the mixture, reacting

it at 60° C for 2.6 hours, filtering off the reaction

solution and analyzing the filtfate according to gas
chromatography. The results are shown.helow.

Conversion of isobutyraldehyde : 94.5%

Selectivity-of CS-12 : 56.2%

Yield of CS-12 : 53.1%
Comparative example 4

Calcium nitrate tetrahydrate salt (Ca(NO3)2 * 4H20 made by

wWako Junyaku) (63.2 g) and barium nitrate (Ba (NO3) 2, made by

wako Junyaku) (25.6 g) were dissolved in purified water (500

ml), followed by adding to the solution, a solution obtained
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by dissolving ammonium carbonate ((NH;)2CO3, made by Wako
Junyaku) (42.1 g) in purified water (300 ml), filtering the

resulting precipitate, water-washing and drying, to obtain a
precursor of catalyst. The resulting white solids (6.2 g)
were calcined at 900° C for one hour in vacuum, follgwed by
transferring the calcined material into a reactor, adding
isobutyraldehyde (200.0 Q), stirring the mixture, reacting
it at 60° C for 0.5 hour, filtering off the reaction solution
and analyzing tﬂe filtrate according to gas chromatography.
The results are shown below.

Conversion of isobutyraidehjde : 0.1%

Selectivity of CS-12 : 70.3%

vield of CS-12 : 0.1%
Comparative example 5

Barium nitrate (Ba(NO;)2, made by Wako Junyaku) (52.2 g)
was dissolved in purified water (300 ml), followed by adding
to the resulting solution calcium oxide (Ca0 made by Wako

Junyaku) (44.8 g), mixing them, drying the mixture at 140° C,

calcining the resulting white solids (5.9 g) at 850° C for 6
hours in air, transfefring the total quantity thereof into a
reactor, adding isobutyraldehyde k200.0 g), stirring the

mixture, reécting it at 80° C for-6 hours, filtering off the

reaction solution and analyzing the filtrate according to

gas chromatography. The results are shown below.
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Conversion of isobutyraldehyde : 0.6%

Selectivity of CS-12 : 83.2%

Yield of CS-12 : 0.5%
. £ _ le 6

Barium nitrate (Ba(NO;)2, made by Wako Junyaku) (52.2 g)
was dissolved in pufified water (300 ml), followed by adding
to the resulting solution calcium oxide (CaO made by Wako

Junyaku) (44.8 g)., mixing them, drying the mixture at 140° C,

calcining the resulting white solids (5.9 g) at 850° C for 6
hours in air, transferring the total quantity of the
calcined material into a reactor, adding acetone(200.0 g),
stirring the resﬁlting mixture, reacting it at 80° C for 6
hours, filtering off the reaction solution and analyzing the
filtrate according‘to gas chromatography. The results are
shown below.

Conversion of acetone : 1.1%

Selectivity of diacetone alcohol : 55.2%

Yield of diacetone alcohol : 0.6%
Comparative example 7

Barium nitrate (Ba(NO3);, made by Wako Junyaku) (52.2 g)
was dissolved in purified water (300 ml), followed by adding
the resulting solution to calcium oxide (CaO, made by Wako

Junyaku) (44.8 g), mixing them, drying the mixture at 140° C,

calcining the resulting white solids (5.9 g) at 850° C for 6
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hours in air, transferring the total quantity of the
calcined material into a reactor, adding normal
butyraldehyde (200.0 g), stirring the mixture, reacting it

at 80° C for 6 hours, filtering off the reaction solution and

analyzing the filtrate according to gas chromatography. The
results are shown below. .

Conversion of normal butyraldehyde : 1.1%

Selectivity of 2-ethylhexenal : 80.3%

Yield of 2-ethylehexenal : 0.8%
Effectiveness of the Invention

when the use of the catalyst of the present invention
is compared with the use of conventional catalyst,
neutralization of the reaction solution and water washing
éfe unnecessary; hence occurrence of waste water is zero and
the objective product can be produced with a high efficiency
and with a high yield. Thus, it is possible to achieve
properties which could not have been effected by
conventional catalysts, on a high level and at the same
time. According to the present invention, it has been
possiblé to provide such a catalyst, a process for producing
the same and a process for p?oducing a carbpnyl compound
derivative using the same. This fact is commercially, very

meaningful.
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WHAT WE CLAIMS:
1. A solid basic catalyst comprising barium and calcium as
constituent elements thereof, the barium content thereof
being 0.09 to 10% by weight, and the ratio of the calcium
content to the barium content being in the range of 6.4 to
793.
2. A solid basic catalyst accofding to claim 1, wherein
the solid basic catalyst is barium-supporting calcium oxide.
3.: A solia basic catalyst according to claim 1, wherein
~said solid basic catalyst is a composite oxide of barium
oxide and calcium oxide.
4. A solid basic catalyst composed of.barium-supporting
calcium oxide, obtained by adding at least one kind of
nitrate, hydroxide_or an organic acid salt of barium or an
‘aqueous solution of the foregoing, to a suspension obtained
by dispersing calcium hydroxide or calcium oxide of these
compounds in water,ifollowed by dryiﬁg the resulting mixture

and subjecting the dried material to thermal decomposition

at 500° to 1200° C in vacuum, an inert gas or air, barium

being contained in a range of 0.1 to 10% by weight, and the
ratio of the calcium content to the barium.content being in
the range of 6.4 to 713.

5. A solid basic catalyst composed of a composite oxide of
barium oxide and calcium oxide, obtained by adding a
compound containing carbbnate ion, to an aqueous solution

containing at least one kind of nitrate, hydroxide or an
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organic salt of barium and at least one kind of nitrate or
an organic acid salt of calcium, followed by drying the

resulting precipitate, and subjecting the dried material to

thermal decomposition at 600° to 1200° C in vacuum, an inert

gas or air, barium being contained in a range of 0.09 to 9%
by ﬁeight and calcium being contained in a ratio of the
calcium content to the barium content of 7.2 to 793.

6. A solid basic catalyst composed of a composite oxide of
barium oxide and calcium oxide, obtained by adding a
compound containing carbonate ion, to a an agueous solution
containing at least one kind of nitrate, hydroxide or én
organic acid salt of barium and at least one kind of nitrate
or an ordanic acid salt of calcium, followed by drying the
fesnlting precipitate, and subjecting the resulting

precursor containing a calcium carbonate of vaterite

structure, to thermal decomposition at 600° to 1200° C in

vacuum, an inert gas or air, barium being contained in a
rangé of 0.09 to 9% by weight and calcium being contained in
a ratio of the calcium content to the barium content of 7.2
to 793.

7. A solid basic catalyst composed of a composite oxide of
barium oxide and calcium oxide, obtained by impregnating
calcium carbonate with a an aqueous solution of at least one
kind of nitrate, hydroxide or an organic acid salt of

barium, followed by drying the resulting material, and
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subjecting the dried material to thermal decomposition at a
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temperature of 600° to 1200° C in vacuum, an inert gas or

air, barium being contained in 0.09 to 9% by weight and
calcium being contained in a ratio of calcium content to
barium content within a range of 7.2 to 793.

8. A process for producing a solid basic catalyst composed
of barium-supporting calcium oxide, which process comprises
adding an aqueous solution of at least one kind of nitrate,
hydroxide or an organic acid salt of barium, to a suspension
having calcium hydroxide or calcium oxide or these compounds
dispersed in water, followed by drying the mixture and

subjecting the dried material to thermal decomposition at

500° to 1200° C in vacuum, an inert gas or air, barium being

‘contained in a quantity of 0.09 to 9% by weight and the
ratio of the calcium éontent to the harigm content being in
a range of 6.4 to 713.

9. A process for producing a solid basic catalyst composed
of a éomposite oxide of barium oxide and calcium oxide,
which'process comprises adding ; carbonate ion-containing
compound to an aqﬁeous solution composed of at least one
kind of nitrate hydroxide or an organic acid salt of barium
and nitrate, or an ofganic acid salt of calcium, followed by

drying the resulting precipitate and subjecting the dried
material to thermal decomposition at 600° to 1200° C in

vacuum, an inert gas or air, the barium content being 0.09
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to 9% by weight and the ratio of the calcium content to the
barium content being in the rahge of 7.2 to 793.

10. A process for producing a solid basic catalyst composed_
of a composite oxide of barium oxide and célcium oxide,
which process comprises adding a carbonate ion-containing
compound to a'solution composed of at least one kind of
nitrate, hydroxide or an organic acid salt of barium and at
least one kind of nitrate or an organic acid salt of

calcium, followed by drying the resulting precipitate and
.subjecting the resulting.precursor containing calcium

carbonate of vaterite structure to thermal decomposition at

600° to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight and the ratio of the
Ealcium content to the barium content being in the range of
7.2 to 793.

11. A process for producing a solid basic catalyst composed
of a composite oxide of barium oxide énd calcium oxide,
which process comprises impregnating calcium carbonate with
an agqueous solution composed of at least one kind of
nitrate, hydroxide or an organi; acid salt of barium,
followed by drying the resulting material, and subjecting

the resulting dried material to thermal decomposition at 600

® to 1200° C in vacuum, an inert gas or air, the barium

content being 0.09 to 9% by weight, and the ratio of the

calcium content to the barium content being in a range of
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7.2 to 793.
12. A procéss for producing a carbonyl compound derivative
from a carbonyl compound, which process uses a solid basic
catalyst according to either one of claims 1, 4 to 7.
13. A process accdrding to claim 12, wherein said carbonyl
compound is an aldehyde of 4 to 8 carbon atoms.
14. A process according to claim 12, wherein said carbonyl
compound is isobutylaldehydé and said carbonyl compound
derivative is 2,2,4-trimethyl-1,3-pentanediol mono-isobutyla
te. ' | |
15. A process according to claim 12, wherein said carbonyl
compound is normal Butylaldehyde and said carbonyl compound
derivative is 2-ethylhexena1.
16. A process according to claim 12, wherein said carbonyl
compound is acetone and said carbonyl compound'derivative is

diacetone alcohol.



