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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 

carbonyl compound derivative using the same. More 

particularly, it relates to a catalyst composed of solids 

containing barium and calcium as constituent elements 

thereof .. 

2. Description of the Related Prior Art 

When a reaction is carried 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 

neutralization, 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 reaction 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 oxide e:>thibi.t~·a.high catalytic 
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activity, but the selectivity of glycol monoester as product 

is low. On the other hand, in the reaction using magnesium 

oxide, the activity of the catalyst is low. In 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 reaction is 

superior to a reaction using a homogeneous catalyst system, 

in that 

(1) operations of neutralization of catalyst, water 

washing, etc. are unnecessary, an~ 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 obtained. 

Thus, when a heterogeneous 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 ~n 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 

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 according to item (1), wherein 

the solid basic catalyst is barium-supporting calcium oxide. 

(3) A solid basic catalyst according to item (1), wherein 

said solid basic catalyst is a composite oxide of barium 
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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 mixture 

and subjecting the dried material to thermal decomposition 

at soo• 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 carbonate·ion, to an aqueous solution 

containing at least one kind of nitrate, hydroxide or an 

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 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, to a an aqueous 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 salt of calcium, followed by drying the 

resulting 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 

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 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 

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 calciuin 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 
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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, 

which process comprises adding a carbonate ion-containing 

compound to an aqueous solution composed of at least one 

kind of nitrate hydroxide or an organic 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 the range of 7.2 to 793. 

(10) A process for producing a solid basic catalyst composed 

of a composite oxide of barium oxide and calcium 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 
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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 and the ratio of the 

calcium 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 and calcium oxide, 

which process comprises impregnating calcium carbonate with 

an aqueous solution 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 resurting dried material to thermal decomposition at 600 

0 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 for producing a carbonyl compound derivative 

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 aldehyde 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 
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te. 

(15) A process according to item (12), wherein said carbonyl 

compound is normal butylaldehyde and said carbonyl compound 

derivative is 2-ethylhexenal. 

(16) A process according to item (12), wherein said carbonyl 

compound is acetone and.said carbonyl 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 

µ. 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 aqueous solution of barium 

nitrate or bari\UD hydroxide, to a suspension obtained by 

dispersing 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 iooo• 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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THIS SHEET HAS BEEN 
REPLACED 

the thermal decomposition is lower than 500° C, hydroxide or 

nitrate is not completely decomposed, while if the 

temperature exceeds 1200° C, the activity of the catalyst 

lowers notably due to its sintering. 

In the present invention, 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 

precursor or solids obtained by impregnating calcium 

carbonate with a solution of at least one kind of nitrate, 

hydroxide 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 bariWn 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° C, the catalyst activity lowers 
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notably due to the sintering 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 

catalyst of the present invention, the quanties 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 the water 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 butylaldehyde, 2-ethylbutylaldeh 

yde, 2-ethylhexylaldehyde, etc. can be exemplified, and 

acetone, too, can be preferably used, but the present 

invention is not limited to these compounds. 

The catalyst of the present invention can be preferably 

used for producing carbonyl compound derivatives, and 

particularly when 2,2,4-trimethyl-1,3-pentanediol 

monoisobutyrate is produced from isobutylaldehyde, when 2-

ethylhexanal is produced from normal-butylaldehyde or when 

diacetone alcohol is produced from acetone, the catalyst is 

preferabl~ to be used. Among 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 chosen 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. When 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) 

THIS SHEET HAS BEEN 
REPLACED 

The present invention will be concretely explained by 

way of Examples and Comparative examples, but the present 

invention should not be construed to be restricted thereto. 

ExalQple 1. 

Calcium hydroxide (Ca(OH)2, made by Kanta Kagaku) (38.5 

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

dissolving barium nitrate (Ba(N03 ) 2, made by Waka 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 goo• c for one hour in vacuum, followed by 

cooling the resulting material down to room temperature, to 

obtain a catalyst containing 3t 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 results are 

as follows: 

Conversion of isobutyraldehyde : 90.7t 

Selectivity of 2,2,4-trimethyl-1,3-pentanediol 

.monoisobutyrate (hereinafter abbreviated to CS-12) : 89.8% 

Yield of CS-12 81.4% 

Example 2 
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THIS SHEET HAS BEEN 
REPLACED. 

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

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

dissolving barium nitrate (Ba(N03)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 goo• c for o~e 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: 

ConversioQ. of isobutyraldehyde : 91.4% 

Selectivity of CS-12) : 89.1% 

Yield of CS-12 : 81.4% 

Exag>le 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(N03 )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 

cooling 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% 

Example ( 

Calcium hydroxide (Ca(OH) 2, made by Kanto Kagaku) (39.2 

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

dissolving barium nitrate (Ba(N03 ) 2 , made by Wako Junyaku) 

(0.5 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 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 transferred 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(N03 )2•4H20, made 

by Wako Junyaku) (122.6 g) and barium nitrate (Ba(N03 )2, made 

by Wako Junyaku) (1.7 g) were dissolved in purified water 

(500 ml), followed by adding a solution obtained by 

dissolving ammonium carbonate ( (Ni14)2C03, 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 

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

were 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 0. 5 hour, filtering off the reaction 

solution and analyzing the filtrate according to gas 

chromatography. The results are as follows: 

Conversion of isobutyraldehyde : 98.8t 

Selectivity of CS-12 : 93.St 

Yield of CS-12 : 92.7% 
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Example 6 

Calcium carbonate (CaC03, made by Wako Junyaku) (84.8 g) 

was suspended in purified water (200 ml), followed by 

dissolving barium nitrate (Ba(N03) 2, 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 

drying. The resulting white solids (7.3 g) were calcined at 

900° c, for one hour in vacuum, foll~ea by transferring the 

resulting material into a reactor, adding isobutyraldehyde 

(200 • 0 g) I mixing them, reacting at 60° c for 0 o 5 hour I 

filtering off the reaction solution and analyzing the 

filtrate according to gas chromatography. The results are 

as follows: 

Conversion of isobutyraldehyde 

Selectivity of CS-12 : 89.7' 

Yield of CS-12 : 85.6% 

Bxample 7 

95.4% 

Calcium carbonate (CaC03, made by Wako Junyaku) (52.0 g) 

was suspended in purified water (200 ml), followed by 

dissolving barium nitrate (Ba(N03)2, 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 go• 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 : 87.0t 

Yield of CS-12 : 84.9t 

Examgle 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 ef f~ciency 

Example g 

97.2t 

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

ExamPle 5 were calcined at goo• c for 2 hours in vacuum, 

followed by transferring the resulting material into a 

reactor~ adding isobutyraldehyde (600.0 g), stirring the 

mixture and reacting it at so• 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 : g5.4' 

Selectivity of CS-12 : 95.3t 
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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 so• c for 2 hours, 

filtering off the reaction solution.and analyzing the 

filtrate according to gas chromatography. The results are 

shown below. 

Conversion of isobutyraldehyde 

Selectivity of CS-12 : 95.2% 

Yield of CS-12 : S5.0% 

Exarngle 11 

S9.3% 

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

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

gas, followed by transferring the calcined material into a 

reactor, adding isobutyraldehyde (600.0 g), stirring the 

mixture, reacting at so· c for 1.2 hour, filtering off the 

reaction solution, and analyzing the filtrate according to 

gas chromatography. The results are shown below. 

Conversion of isobutyraldehyde : 95.2% 

Selectivity of CA-12 : 94.S.% 

Yield of CS-12 : 90.3% 

Exarngle 12 
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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 so• C for 3 hours, filtering off the 

reaction solution and analyzing the filtrate according to 

gas chromatography. The results are shown below. 

Conversion of isobutyraldehyde : 96.1% 

Selectivity of CS-12 : 93.1% 

Yield of CS-12 : S9.5% 

Examgle 13 

White solids (1.3 g) obtained in the same manner as in 

Example 5 were calcined at S00° 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 S0° 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 : S9.2% 

Yield of 2-ethylhexenal : 62.S% 

Example 14 

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

Example 7 were calcined at S00° 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 aoo• C, for 3 hours in vacuum, 

followed by transferring the calcined material into a 

reactor, adding acetone (200.0 g), stirring the mixture and 
.. 

reacting it at so• C, for 2 hours, filtering off the reaction 

solution and analyzing the filtrate according to gas 

chromatography. The results are shown below. 

Conversion of acetone : 9.3% 

Selectivity of diacetone alcohol 90.9% 

Yield 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° C, 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 so• 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 results are shown below. 

Yield of diacetone alcohol : 15.8% 

Rectification efficiency 95.8% 

Comparative eXAJQPle 1· 

Magnesium oxide (MgO, made by Wako Junyaku) (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% 

S~lectivity of CS-12 : 90.5% 

Yield of CS-12 0.009% 

Comparative 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 

·Selectivity of CS-12 : 20.St 

Yield of CS-12 20.5t 

C~aratiye example 3 

98.6, 

Calcium carbonate (CaC03 , made by Waka 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 filtrate according to gas 

chromatography. The results are shown below. 

Conversion of isobutyraldehyde : 94.St 

Selectivity of CS-12 : 56.2t 

Yield of CS-12 53.lt 

Comparative example 4 

Calcium nitrate tetrahydrate salt (Ca(N01)2•4H20 made by 

Waka Junyaku) (63 .2 g) and barium nitrate (Ba(N01h, made by 

Waka 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 ( (NH4 bC03 , made by Waka 

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, 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 analyzing the filtrate according to gas chromatography. 

The results are shown below. 

Conversion of isobutyraldehyde O.li 

Selectivity of CS-12 : 70.3% 
~ 

Yield of CS-12 O.li 

eomparatiye example 5 

Barium nitrate (Ba(N03h, made by Wako Junyaku) (52.2 g) 

was dissolved in purified 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 to'i:.al quantity thereof into a 

reactor, adding isobutyraldehyde (200.0 g), stirring the 

mixture, reacting it at so· 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% 

Comparative example 6 

Barium nitrate (Ba(N03) 2, made by Wako Junyaku) (52.2 g) 

was dissolved in purified 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 resulting 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% 

CoJm»ratiye example 7 

Barium nitrate (Ba(N03)2, 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 



26 

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 

are 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 

possible ~o provide such a catalyst, a process for producing 

the same and a process for producing a carbonyl compound 

derivative using the same. This fact is connercially, 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 bariwn content being in the range of 6.4 to 

793. 

2. A solid basic catalyst according to claim 1, wherein 

the solid basic catalyst is barium-supp9rting calcium oxide. 

3. A solid 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 bariwn-supporting 

calcium oxide, obtained by adding at least one kind of 

nitrate, hydroxide or an organic acid salt of bariwn or an 

aqueous solution of the foregoing, to a suspension obtained 

by dispersing c~lcium hydroxide or calcium oxide or these 

compounds in water, followed by drying the resulting mixture 

and subjecting the dried material to thermal decomposition 

at soo• 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 carbonate ion, to an aqueous solution 

containing at least one kind of nitra~e, 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 weight and calcium being contained in a ratio of the 

calcium content to the baritim content of 7.2 to 793. 

6. A solid basic catalyst coiilposed of a composite oxide of 

barium oxide and calcium oxide, obtained by adding a 

compound containing carbonate ion, to a an aqueous 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 salt of calcium, followed by drying the 

resulting 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 

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 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 thennal 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 calciwn content to 

bariwn 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 calciwn hydroxide or calciwn 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 vacuwn, an inert gas or air, barium being 

·contained in a quantity of 0.09 to 9% by weight and the 

ratio of the calciwn content to the bariwn 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 bariwn oxide and calcium oxide, 

which process comprises adding a carbonate ion-containing 

compound to an aqueous solution composed of at least one 

kind of nitrate hydroxide or an organic 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 
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to 9% by weight and the ratio of the calcium content to the 

barium content being in the range of 7.2 to 793. 

10. A process for producing a solid basic catalyst composed 

of a composite oxide of barium oxide and calcium oxide, 

which process comprfses 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 9t by weight and the ratio of the 

calcium 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 and calcium oxide, 

which process comprises impregnating calcium carbonate with 

an aqueous solution 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° (! in vacuum, an inert gas or air, the barium 

content being 0.09 to 9t 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 process 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 according 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 

~ompound is isobutylaldehyde and said carbonyl compound 

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

te. 

15. A process according to claim 12, wherein said carbonyl 

compound is normal butylaldehyde and said carbonyl compound 

derivativ..e is 2-ethylhexenal. 

16. A process according to claim 12, wherein said carbonyl 

compound is acetone and said carbonyl compound derivative is 

diacetone alcohol. 


