
DESCRIPTION 

CATALYST FOR PRODUCING ISOBUTYLENE AND METHOD FOR 

PRODUCING ISOBUTYLENE USING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a catalyst for producing isobutylene and a 

method for producing isobutylene using the same. 

BACKGROUND ART 

[0002] The majority of chemical products are manufactured using petroleum as a raw 

material. 	In recent years, however, the depletion of petroleum is concerned and carbon 

dioxide generated at the time of burning petroleum is considered as a cause of global 

warming. 	Hence, biomass-derived chemicals called carbon neutral are expected as a 

substitute of petroleum. 

[0003] Isobutylene is one of important chemical raw materials which are converted into 

ethyl tert-butyl ether (ETBE), p-xylene, methyl methacrylate (MMA) and the like. 

[0004] Isobutanol is produced as a byproduct at the time of producing 2-ethylhexanol 

by oxo reaction using water gas and propylene as raw materials. 

[0005] On the other hand, isobutanol is known to be produced by the fermentation of 

glucose and exemplified as one of the biomass-derived raw materials. 	For example, it 

is described in Non-Patent Literature 1 and Patent Literature 1 that isobutylene can be 

produced by the dehydration of isobutanol. 
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PATENT LITERATURE 

[0006] Patent Literature 1: JP 11-514337 W 

NON-PATENT LITERATURE 

[0007] Non-Patent Literature: Topics in Catalysis (2010) 53, 1224-1230 

SUMMARY OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0008] The above-mentioned reaction is an endothermic reaction since it is a 

dehydration reaction, and thus the reaction requires more thermal energy in the case of 

being conducted in a high temperature region. 	A reaction in a lower temperature 

region is desired in order to cut down the amount of thermal energy used from the 

viewpoint of energy saving. 	In Non-Patent Literature 1, it is required to set the 

reaction temperature to 300°C in order to achieve a high conversion rate although 7- 

alumina is used as a catalyst and thus selectivity is high. 	In Patent Literature 1, the 

development of catalyst is desired which can achieve a high conversion rate at a lower 

temperature and high selectivity although niobic acid and silica alumina are used as a 

catalyst and thus the reaction temperature required to achieve a high conversion rate is 

lower than the case of using 7-alumina. 

[0009] The invention is made to solve the above-mentioned problem. 	In other words, 

an object of the invention is to provide a catalyst which can produce a high yield of 

isobutylene in a lower temperature region and a method for producing isobutylene using 

the same. 

MEANS FOR SOLVING PROBLEM 

[0010] A catalyst for producing isobutylene according to the invention is an oxide 

2 



containing at least one element selected from a group A and at least one element 

selected from a group B, and the group A herein consists of molybdenum and tungsten 

and preferably tungsten and the group B herein consists of tantalum, niobium, and 

titanium. 	The oxide is preferably a complex oxide. 	Moreover, a ratio (A/B) of a total 

A of the numbers of moles of molybdenum and tungsten to a total B of the numbers of 

moles of tantalum, niobium, and titanium is preferably from 0.1 to 10. 

EFFECT OF THE INVENTION 

[0011] According to the invention, it is possible to provide a catalyst which can produce 

a high yield of isobutylene in a lower temperature region and a method for producing 

isobutylene using the same. 

BRIEF DESCRIPTION OF DRAWING 

[0012] Fig. 1 is a schematic diagram illustrating an example of a reaction apparatus 

used in a liquid phase reaction. 

MODE(S) FOR CARRYING OUT THE INVENTION 

[0013] The catalyst for producing isobutylene according to the invention is an oxide 

containing at least one element selected from a group A and at least one element 

selected from a group B. 

Group A: molybdenum and tungsten 

Group B: tantalum, niobium, and titanium 

[0014] The catalyst for producing isobutylene according to the invention can be used as 

a catalyst, for example, in the method for producing isobutylene by the dehydration of 

isobutanol. 
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[0015] The catalyst according to the invention is an oxide containing one or more 

elements selected from molybdenum and tungsten and one or more elements selected 

from tantalum, niobium, and titanium. 	It is presumed that the one or more elements 

selected from molybdenum and tungsten have a function to form the backbone of the 

catalyst structure and the one or more elements selected from tantalum, niobium, and 

titanium have a function to form the active site structure. 	By virtue of this, it is 

possible to produce a high yield of isobutylene even in a lower temperature region, for 

example, in the case of producing isobutylene by the dehydration of isobutanol using 

the catalyst described above. 

[0016] Tungsten is preferred between molybdenum and tungsten since the activity is 

more improved. 

[0017] The element ratio ((Mo + W)/(Ta + Nb + Ti)) of one or more elements selected 

from molybdenum and tungsten to one or more elements selected from tantalum, 

niobium, and titanium which are contained in the oxide is not particularly limited but is 

preferably 0.01 or more and 10 or less. 	The optimal element ratio is different 

depending on the combination of the elements to be used and, for example, the element 

ratio (Mo + W)/Ta is more preferably 1.0 or more and 9.0 or less. 	The element ratio 

(Mo + W)/Nb is more preferably 0.25 or more and 4.0 or less. 	The element ratio (Mo 

+ W)/Ti is more preferably 2.0 or more and 8.0 or less. 	The catalytic activity becomes 

more favorable when the element ratio ((Mo + W)/(Ta + Nb + Ti)) is within the above 

range. 	Meanwhile, it is preferable that the element ratio be within the above range 

even in a case in which the oxide contains only either of molybdenum or tungsten 

and/or only one of tantalum, niobium, and titanium. 	It is preferable that the element 

ratio (W/Ta) be within the above range, for example, even in a case in which the oxide 

contains tungsten and tantalum but does not contain molybdenum, niobium, and 
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titanium. 	In addition, the above element ratio is a value calculated from the amount of 

each of the elements charged as the raw materials. 

[0018] The oxide containing one or more elements selected from molybdenum and 

tungsten and one or more elements selected from tantalum, niobium, and titanium may 

be a complex oxide of the respective elements or a mixture of oxides of the respective 

elements. 	However, the oxide is preferably a complex oxide of the respective elements. 

Meanwhile, it is possible to confirm that the oxide is a complex oxide of the respective 

elements by X-ray diffraction. 

[0019] In the complex oxide constituted by one or more elements selected from 

molybdenum and tungsten and one or more elements selected from tantalum, niobium, 

and titanium, oxygen which is a constituent of the complex oxide is present at the 

atomic ratio of oxygen required to satisfy the valence of each component. 

[0020] The catalyst according to the invention may be supported on a support. 	The 

support is not particularly limited, and examples thereof may include alumina, silica, 

silica alumina, titania, and zirconia. 	Only one kind of these may be used, or two or 

more kinds thereof may be used concurrently. 

[0021] Hereinafter, an example of a method for producing the catalyst according to the 

invention will be described. 

[0022] It is possible to use an oxide, a sulfate salt, a nitrate salt, a carbonate salt, an 

oxalate salt, a hydroxide, an ammonium salt, an organic acid salt, a halide and the like 

of each of the elements as the raw materials of the catalyst components. 	It is possible 

to use, for example, ammonium paramolybdate and molybdenum trioxide as the 

molybdenum raw material. 	It is possible to use, for example, ammonium paratungstate 

and ammonium metatungstate as the tungsten raw material. 	It is possible to use, for 

example, tantalum acid as the tantalum raw material. 	It is possible to use, for example, 
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niobic acid, niobium hydrogen oxalate, and ammonium niobium oxalate as the niobium 

raw material. 	It is possible to use, for example, titanium (III) sulfate as the titanium 

raw material. 	Only one kind of the raw materials of the catalyst components may be 

used for each element or two or more kinds thereof may be used in combination. 

[0023] These raw materials are dissolved or dispersed in a liquid. 	It is possible to use 

water, an organic solvent such as alcohols such as methanol, ethanol, 2-propanol, and 

the like as the liquid. 	Only one kind of these liquids may be used or two or more kinds 

thereof may be used concurrently. 

[0024] The hydrothermal synthesis is performed using the solution or dispersion thus 

obtained. 	The hydrothermal synthesis can be conducted in an autoclave. 	The 

temperature for hydrothermal synthesis is preferably 125°C or higher and 300°C or 

lower, more preferably 150°C or higher and 250°C or lower, and even more preferably 

175°C or higher and 230°C or lower. 	The solid matter obtained by the hydrothermal 

synthesis is preferably washed with water, an organic solvent or the like in order to 

remove undesired dissolved components. 	After the washing, filtering is performed in 

order to separate the solid matter from the solvent. 

[0025] Thereafter, the solid matter thus obtained is subjected to the heat treatment. 

The atmosphere gas used in the heat treatment is not particularly limited, and it is 

possible to use, for example, air, nitrogen, argon, carbon dioxide, and steam. 	Only one 

kind of these atmosphere gases may be used or two or more kinds thereof may be used 

concurrently. 	The temperature for heat treatment is preferably 300°C or higher and 

1000°C or lower, more preferably 400°C or higher and 800°C or lower, and even more 

preferably 500°C or higher and 700°C or lower. 	The time for heat treatment is 

preferably 10 minutes or longer and 10 hours or shorter, more preferably 30 minutes or 

longer and 5 hours or shorter, and even more preferably 1 hour or longer and 2 hours or 



shorter. 	In this manner, it is possible to obtain a catalyst. 

[0026] The catalyst thus obtained can be molded if necessary and then used. 	As a 

method for molding the catalyst, for example, a method is exemplified in which an 

additive is mixed with the catalyst if necessary, and then the mixture is molded into an 

arbitrary shape such as a spherical shape, a ring shape, a cylindrical shape, or a star 

shape using a powder molding machine such as a tablet molding machine, an extrusion 

molding machine, or a tumbling granulator. 	In addition, the catalyst thus obtained may 

be ground to be used as powder. 

[0027] Next, a method for producing isobutylene from isobutanol using the catalyst 

described above will be described. 	The method for producing isobutylene according to 

the invention is a method for producing isobutylene by the dehydration of isobutanol 

and uses the catalyst for producing isobutylene described above. 

[0028] Isobutylene can be produced, for example, by bringing gaseous isobutanol, 

which is a raw material, into the gas phase contact with the catalyst described above in 

an inert gas stream so as to dehydrate. 

[0029] It is preferable to use biomass-derived isobutanol as isobutanol of the raw 

material from the viewpoint of environmental protection. 	Examples of the biomass-

derived isobutanol may include isobutanol obtainable by the fermentation of glucose. 

[0030] The concentration of isobutanol which is the reaction raw material in the source 

gas can be freely selected. 	It is possible to use nitrogen, carbon dioxide, steam, or the 

like as the inert gas. 	Only one kind of these inert gases may be used or two or more 

kinds thereof may be used concurrently. 	The reaction pressure is preferably from the 

normal pressure to 1 MPaG and more preferably from the normal pressure to 0.5 MPaG. 

The reaction temperature can be selected in the range of from 100 to 400°C but is 

preferably from 100 to 250°C, more preferably from 100 to 200°C, and even more 
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preferably from 100 to 150°C from the viewpoint of sufficiently obtaining the effect of 

the invention. 

[0031] On the other hand, it is also possible to produce isobutylene by the dehydration 

of liquid isobutanol through the liquid phase reaction. 	Isobutanol which is the reaction 

raw material in the liquid phase raw material can also be diluted with an appropriate 

solvent, but the reaction may be conducted using 100% by mass of isobutanol without 

diluting. 	An organic solvent may be used for the concentration adjustment of 

isobutanol. 	In addition, an inert gas may be supplied in order to remove oxygen, and it 

is possible to use nitrogen, carbon dioxide, or the like. 	The reaction pressure is not 

particularly limited but is preferably from the reduced pressure to 1 MPaG and more 

preferably from -0.001 MPaG to 0.5 MPaG. 	The reaction temperature can be selected 

from the boiling point of isobutanol or lower but is preferably near the boiling point 

from the viewpoint of improving the activity. 

EXAMPLES 

[0032] Hereinafter, the invention will be specifically described with reference to 

Examples on the dehydration of isobutanol, but the invention is not limited to these 

Examples. 

[0033] The analyses of the source gas and the product were performed using the gas 

chromatography. 	Meanwhile, the conversion rate of isobutanol and the selectivity and 

yield of isobutylene to be produced are defined as follows. 

[0034] Conversion rate of isobutanol (%) = ((3/a) x 100 

Selectivity of isobutylene (%) = (y/5) x 100 

Yield of isobutylene (%) = (13/a) x (y/6) x 100 

Decomposition speed of isobutanol (mmol/h•g) = 6/(a x b) 
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Here, a denotes the number of moles of isobutanol supplied, p denotes the 

number of moles of isobutanol reacted, y denotes the number of moles of isobutylene 

produced. 	In addition, 6 denotes the number of moles of the total reaction products 

(isobutylene, 1-butene, cis-2-butene, trans-2-butene and n-butane) detected by the gas 

chromatography. 	In addition, a denotes the reaction time (h), and b denotes the 

amount of catalyst (g). 

[0035] [Example 1] 

The solution prepared by dissolving 2.0 mmol of ammonium metatungstate as 

tungsten in 20 ml of water and the dispersion prepared by dispersing 2.0 mmol of 

tantalic acid as tantalum in 25 ml of water were introduced into an autoclave and 

subjected to the hydrothermal synthesis at 175°C for 72 hours. 	This was filtered, and 

the solid substance was subjected to the heat treatment at 500°C for 2 hours under a 

nitrogen gas stream so as to prepare a catalyst. 

[0036] The catalyst thus obtained was ground to obtain a powder. 	Quartz sand was 

added to 0.2 g of the powder so as to have a volume of 4 ml, and then the resultant was 

packed in a reactor having an inner diameter of 12.8 mm. 	As the material gas, 

nitrogen and isobutanol (as gas) were allowed to flow at 20 mol/min and 0.304 ml/min, 

respectively, and allowed to react at a reaction temperature of 150°C. 	The results are 

presented in Table 1. 

[0037] [Example 2] 

The same operation as in Example 1 was conducted except using the solution 

prepared by dissolving 2.7 mmol of ammonium metatungstate as tungsten in 20 ml of 

water. 	The results are presented in Table 1. 

[0038] [Example 3] 

The same operation as in Example 1 was conducted except using the solution 
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prepared by dissolving 6.0 mmol of ammonium metatungstate as tungsten in 20 ml of 

water. 	The results are presented in Table 1. 

[0039] [Example 4] 

The same operation as in Example 1 was conducted except using the solution 

prepared by dissolving 2.7 mmol of ammonium paramolybdate instead of ammonium 

metatungstate as molybdenum in 20 ml of water. 	The results are presented in Table 1. 

[0040] [Example 5] 

The solution prepared by dissolving 0.5 mmol of ammonium paramolybdate 

instead of ammonium metatungstate as molybdenum in 20 ml of water was used. 	In 

addition, the dispersion prepared by dispersing 2.0 mmol of ammonium niobium oxalate 

instead of tantalic acid as niobium in 20 ml of water was used. 	The same operation as 

in Example 1 was conducted except these operations. 	The results are presented in 

Table 1. 

[0041] [Example 6] 

The solution prepared by dissolving 5.0 mmol of ammonium metatungstate as 

tungsten in 20 ml of water, the dispersion prepared by dispersing 0.814 mmol of 

titanium (III) sulfate as titanium in 25 ml of water, and further 5 mmol of oxalic acid 

were introduced into an autoclave and subjected to the hydrothermal synthesis at 175°C 

for 24 hours. 	This was filtered, and the solid substance was subjected to the heat 

treatment at 500°C for 2 hours under a nitrogen gas stream so as to prepare a catalyst. 

The same operation as in Example 1 was conducted except those operations. 	The 

results are presented in Table 1. 

[0042] [Comparative Example 1] 

The same operation as in Example 1 was conducted except using 7-alumina 

(trade name: AL3996 manufactured by BASF) as the catalyst. 	The results are 
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presented in Table 1. 

[0043] [Comparative Example 2] 

The same operation as in Example 

the catalyst. 	The results are presented in 

1 was 

Table 

conducted 

1. 

except using tantalic acid as 

[0044] [Comparative Example 3] 

The same operation as in Example 

the catalyst. 	The results are presented in 

1 was 

Table 

conducted 

1. 

except using niobic acid as 
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[0045] [Table 1] 

[Table 1] 

Catalyst 
Elapsed re

(hr

a)tion time 
Conversion rate (%) Selectivity (%) Yield (%) 

Example 1 WTaO (W/Ta = 1) 3.5 100.0 89.6 89.6 
Example 2 WTaO (W/Ta = 1.35) 2.8 76.3 80.1 61.1 
Example 3 WTaO (W/Ta = 3) 3.8 100.0 87.0 87.0 
Example 4 MoTaO (Mo/Ta = 1.35) 2.5 10.6 90.7 9.6 
Example 5 MoNbO (Mo/Nb = 0.25) 2.5 28.8 81.8 23.6 
Example 6 WTiO (W/Ti = 6.14) 5.0 100.0 82.5 82.5 
Comparative 
Example 1 y-alumina 2.6 0.0 - 0.0 

Comparative 
Example 2 

Tantalic acid 1.5 4.3 82.1 3.5 

Comparative 
Example 3 

Niobic acid 1.5 1.2 61.2 0.7 
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[0046] [Example 7] 

As illustrated in Fig. 1, 20 ml of isobutanol was introduced into a three-necked 

flask 1, a condenser tube 2, a thermometer 3, and a nitrogen introduction line 4 were 

provided thereto, a nitrogen gas was allowed to flow into the flask at 20 ml/min, and the 

temperature inside the flask was raised to 105°C under a normal pressure. 	To the flask, 

0.2 g of the catalyst prepared in Example 6 was added and the reaction was conducted 

for 5 hours. 	The gas at the outlet of the condenser tube was analyzed. 	The results are 

presented in Table 2. 

[0047] [Example 8] 

The same operation as in Example 7 was conducted except using the catalyst 

prepared in Example 1. 	The results are presented in Table 2. 

[0048] [Comparative Example 4] 

The same operation as in Example 7 was conducted except using the catalyst 

used in Comparative Example 1. 	The results are presented in Table 2. 

[0049] [Table 2] 

[Table 2] 

Catalyst 
Decomposition speed 

(mmol/h.g) 
Selectivity (%) 

Example 7 WTiO (W/Ti = 6.14) 0.337 89.4 
Example 8 WTaO (W/Ta = 1) 0.027 86.9 

Comparative 
Example 4 7-alumina 0.000 - 

[0050] As presented in Table 1, it was possible to obtain a high yield of isobutylene 

even by the reaction in a low temperature region of 150°C in Examples. 

[0051] As presented in Table 2, it was possible to obtain isobutylene even by the 

reaction in a low temperature region of 105°C in Examples. 

[0052] According to the invention, it is possible to provide a catalyst which can produce 
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a high yield of isobutylene in a lower temperature region. 

[0053] This application is based upon and claims the benefit of priority of the prior 

Japanese Patent Application No. 2012-204035, filed on September 18, 2012, the entire 

contents of which are incorporated herein by reference. 

[0054] Hereinbefore, the invention has been described with reference to embodiments 

and Examples, but the invention is not intended to be limited to the above embodiments 

and Examples. 	It should be understood by those skilled in the art that various 

modifications could be made to the configuration and details of the invention without 

departing from the scope of the invention. 
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CLAIMS 

1. A catalyst for producing isobutylene which is an oxide containing at least one 

element selected from a group A and at least one element selected from a group B. 

Group A: molybdenum and tungsten 

Group B: tantalum, niobium, and titanium 

2. The catalyst for producing isobutylene according to claim 1, wherein the oxide 

is a complex oxide. 

3. The catalyst for producing isobutylene according to claim 1 or 2, wherein a ratio 

(A/B) of a total A of the numbers of moles of molybdenum and tungsten to a total B of 

the numbers of moles of tantalum, niobium, and titanium is from 0.1 to 10. 

4. The catalyst for producing isobutylene according to any one of claims 1 to 3, 

wherein at least one element selected from the group A is tungsten. 

5. A method for producing isobutylene, which is a method for producing 

isobutylene by the dehydration of isobutanol and uses the catalyst for producing 

isobutylene according to any one of claims 1 to 4. 

6. The method for producing isobutylene according to claim 5, wherein gaseous 

isobutanol is brought into contact with a catalyst for producing isobutylene. 

7. The method for producing isobutylene according to claim 5, wherein liquid 

isobutanol is brought into contact with a catalyst for producing isobutylene. 
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8. 	The method 

wherein isobutanol 

for producing isobutylene according 

is biomass-derived isobutanol. 

to any one of claims 5 to 7, 
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