
DESCRIPTION 

Title of Invention 

PROCESS FOR PRODUCING BUTADIENE 

Technical Field 

[0001] 

The present invention relates to a process for producing butadiene. 

Description of the Related Art 

10 Background Art 

[0002] 

Processes for producing 1,3-butadiene (hereinafter sometimes simply referred 

to as "butadiene") by an oxidative dehydrogenation reaction of n-butene and oxygen 

using a catalyst are well known. 

15 [0003] 

Examples of the reaction process employed in this oxidative dehydrogenation 

reaction include processes such as fixed bed, fluidized bed, and moving bed reaction 

processes. Among these, in a fixed bed reaction process, since the fluidized state 

of the gas is close to the extrusion flow, such a process has the advantage that 

20 reaction yield can be increased, and is thus frequency employed industrially. 

However, a fixed bed reaction process has low thermal conductivity, and is thus not 

suited for exothermic reactions or endothermic reactions that require the removal or 

addition of heat. In particular, in a strongly exothermic reaction like an oxidative 

dehydrogenation reaction of n-butene, the temperature increases suddenly, so that 

25 the reaction can become difficult to control, which can lead to a runaway reaction. 
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In addition, such a sudden increase in temperature can damage the catalyst, so that 

there is also the problem of premature degradation. 

[0004] 

In contrast, in a fluidized bed reaction process, the catalyst particles flow 

5 vigorously inside the reactor, so there are the advantages that (1) since thermal 

conductivity is high, the reaction can be inhibited from progressing too much by 

maintaining the temperature in the reactor at a roughly uniform level even during 

reactions that involve a large amount of heat being produced or absorbed, and (2) 

since localized accumulation of energy is suppressed, a raw material gas that is in 

10 the explosive range can be reacted, which allows productivity to be improved by 

increasing the raw material concentration. Therefore, a fluidized bed reaction 

process is suited to the oxidative dehydrogenation reaction of n-butene, which is a 

very exothermic reaction. For example, the oxidative dehydrogenation reaction for 

synthesizing butadiene from n-butene produces about 30 kcal/mol of heat. 

15 [0005] 

Examples of various reaction processes described above include the following 

patent documents. Patent Document 1 discloses a process for producing a gas that 

includes a conjugated diene by feeding a mixed gas of a raw material gas including a 

monoolefin having a carbon atom number of 4 or more and a molecular oxygen-

20 containing gas to a fixed bed reactor having a catalyst. This document states that 

stable operation can be realized by suppressing the catalyst pulverization ratio after a 

predetermined reaction period to 40% by mass or less. Further, Patent Document 2 

describes a process for producing butadiene from n-butene in a fluidized bed reactor 

in which n-butene and oxygen are present. This document discloses that, after 

25 performing a butadiene synthesis reaction for a predetermined period, regeneration 

is performed by stopping operation of the apparatus, and calcining all or a part of the 



catalyst to which organic matter has adhered as a result of being used in the reaction, 

and then the regenerated catalyst is again fed into the reaction. 

Citation List 

5 Patent Document 

[0006] 

Patent Document 1: Japanese Patent Laid-Open No. 2012-46509 

Patent Document 2: Japanese Patent Laid-Open No. 2012-67047 

10 Summary of Invention 

Technical Problem 

[0007] 

In a conventional process, the regeneration of a catalyst to which organic 

matter is adhered is performed based on a so-called batch process, in which the 

15 regeneration is carried out after temporarily stopping operation of the reactor. A 

batch process is not desirable from a productivity viewpoint, since butadiene 

production has to be interrupted each time catalyst regeneration is carried out 

Accordingly, there is a need to establish a continuous-type catalyst regeneration 

process that is capable of regenerating a catalyst while continuing operation of the 

20 reactor 

[0008] 

However, based on detailed investigations by the present inventors, it was 

learned that in the reaction for producing butadiene from n-butene, the amount of 

organic matter adhered to the catalyst exponentially increases with reaction time. It 

25 was also learned that although the amount of organic matter adhered to the catalyst 

is very slight for a certain time after the reaction, after the certain time, organic matter 
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rapidiy adheres to the catalyst, and moreover, the rate of adherence increases as the 

amount of organic matter adhered becomes greater, 

[0009] 

Thus, since the adherence of organic matter to the catalyst exhibits a peculiar 

5 behavior, it is more difficult with a conventional process to regenerate the catalyst as 

the reactor is operating for a longer time. Consequently, the reactor has to be 

temporarily stopped in order to regenerate the catalyst. 

[0010] 

It is an object of the present invention, which was created in view of the above-

10 described problems, to provide a butadiene production process that is capable of 

suppressing a sudden increase in organic matter adhered to the catalyst that occurs 

with the reaction. 

Solution to Problem 

15 [0011] 

As a result of diligent research to solve the above-described problems, the 

present inventors discovered that by controlling the amount of the regenerated 

catalyst fed to a fluidized bed reactor at a predetermined ratio or more based on the 

amount of a monoolefin having 4 carbon atoms that is fed to the fluidized bed reactor, 

20 the sudden increase in organic matter adhered to the catalyst that occurs with the 

reaction can be suppressed, thereby completing the present invention. 

[0012] 

Namely, the present invention is directed to the following. 

[1] A process for producing butadiene, including: 
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a first step of producing butadiene by a vapor-phase catalytic oxidation 

reaction in the presence of a catalyst by feeding a monooiefin having a carbon 

number of 4 to a fluidized bed reactor; and 

a second step of removing a part of the catalyst from the fluidized bed reactor 

5 while the vapor-phase catalytic oxidation reaction is proceeding, regenerating the 

catalyst removed from the fluidized bed reactor, and feeding the regenerated catalyst 

to the fluidized bed reactor while the vapor-phase catalytic oxidation reaction is 

proceeding, 

wherein a ratio of an amount (kg/hr) of the regenerated catalyst fed based on 

10 an amount (kg/hr) of the monooiefin having a carbon number of 4 fed is 0.3% or 

more. 

[2] The process for producing butadiene according to [1], wherein the ratio of the 

amount (kg/hr) of the regenerated catalyst fed based on the amount (kg/hr) of the 

monooiefin having a carbon number of 4 fed is 0.3 to 100%. 

15 [3] The process for producing butadiene according to [1 ] or [2], wherein the catalyst 

includes a metal oxide containing at least Mo, Bi, and Fe. 

[4] The process for producing butadiene according to any one of [1] to [3], wherein 

the catalyst includes a metal oxide represented by the following empirical formula (I), 

Mo^Bip- eqAaGbJcLdEeOx (I) 

20 wherein A represents one or more elements selected from the group consisting 

of nickel and cobalt, G represents one or more elements selected from the group 

consisting of alkali metal elements, J represents one or more elements selected from 

the group consisting of magnesium, calcium, strontium, barium, zinc, and 

manganese, L represents one or more elements selected from the group consisting 

25 of rare earth elements, E represents one or more elements selected from the group 

consisting of chromium, indium, and gallium, 0.1 < p < 5, 0.5 < q < 8, 0 < a < 10, 0,02 



< b < 2, 0 < c < 5, 0 < d < 5, 0 < e < 5, and x denotes a number of atoms of oxygen 

required to satisfy a valence requirement of the other elements that are present in the 

metal oxide. 

[5] The process for producing butadiene according to any one of [1] to [4], wherein 

5 the catalyst includes a support, and the support includes one or more selected from 

the group consisting of silica, alumina, titania, and zirconia. 

[6] The process for producing butadiene according to any one of [1] to [4], wherein 

the catalyst includes a support, and the support is produced from two or more silica 

sols having a different silica average particle size 

Advantageous Effects of Invention 

[0013] 

According to the process for producing butadiene according to the present 

invention, a sudden increase in organic matter adhered to the catalyst that occurs 

15 with the reaction can be suppressed. Consequently, butadiene can be stably 

produced at a high yield continuously over a long period without having to stop 

production of butadiene to regenerate the catalyst. 

Brief Description of Drawings 

20 [0014] 

FIG. 1 is a graph illustrating the amount of organic matter adhered to the 

catalyst in the reactor with respect to reaction time. 

Description of Embodiments 

25 [0015] 



A preferred embodiment for carrying out the present invention (hereinafter, 

simply referred to as "present embodiment") will now be described in more detail. 

However, the present invention is not limited to the following present embodiment. 

Various modifications may also be made within the scope of the present invention. 

5 [0016] 

The process for producing butadiene according to the present embodiment is a 

process in which butadiene is produced from a monooiefin having 4 carbon atoms by 

a vapor-phase catalytic oxidation reaction in a fluidized bed reactor. This process 

includes a first step of producing butadiene by a vapor-phase catalytic oxidation 

10 reaction (hereinafter, sometimes simply referred to as "reaction") in the presence of a 

catalyst by feeding a monooiefin having 4 carbon atoms to a fluidized bed reactor, 

and a second step of removing a part of the catalyst from the fluidized bed reactor 

while the vapor-phase catalytic oxidation reaction is proceeding, regenerating the 

catalyst removed from the fluidized bed reactor, and feeding the regenerated catalyst 

15 to the fluidized bed reactor while the vapor-phase catalytic oxidation reaction is 

proceeding. In this process, a ratio of the amount (kg/hr) of the regenerated catalyst 

fed to the amount (kg/hr) of the monooiefin having 4 carbon atoms fed (hereinafter, 

sometimes simply referred to as "regeneration ratio") is 0.3% or more. The 

regeneration ratio is calculated based on the following formula. 

20 Regeneration ratio (%) = (amount (kg/hr) of regenerated catalyst fed to 

fluidized bed reactor)/(amount (kg/hr) of monooiefin having 4 carbon atoms fed to 

fluidized bed reactor) x 100 

[0017] 

The process for calculating the amount of the monooiefin having 4 carbon 

25 atoms fed and the amount of the regenerated catalyst fed wil! now be described. 

The amount of the monooiefin having 4 carbon atoms fed and the amount of the 



regenerated catalyst fed are represented in terms of mass (kg) per unit time (hr). 

Since the amount of the monooiefin having 4 carbon atoms fed to the fluidized bed 

reactor while the vapor-phase catalytic oxidation reaction is proceeding fluctuates 

due to various factors, it is desirable to take an average value for a given 

5 predetermined period as the amount of the monooiefin having 4 carbon atoms fed. 

Similarly, since the amount of the catalyst to be regenerated can frequently change, it 

is desirable to take an average value for a given predetermined period as the amount 

of the regenerated catalyst fed. In the present embodiment, an average value for 50 

days of reaction is employed. For example, if the total amount of the monooiefin 

10 having 4 carbon atoms fed for 50 days (1,200 hours) from the start of reaction was 

1,200 kg, the amount of the monooiefin having 4 carbon atoms fed is calculated as 

1,200 (kg)/1,200 (hr) = 1.0 (kg/hr). Similarly, if the total amount of the regenerated 

catalyst fed for 50 days (1,200 hours) from the start of reaction was 600 kg, the 

amount of the regenerated catalyst fed is calculated as 600 (kg)/1,200 (hr) = 0.5 

15 (kg/hr). 

Further, if the reaction time is less than 50 days, or if the reaction time 

calculated in terms of a 50 day period is a fraction, the average value for that period 

may be employed. For example, if the total reaction time is 30 days (720 hours), the 

average value of the 30 day period is employed. On the other hand, if the total 

20 reaction time is 80 days (1,920 hours), the reaction time is divided into a 50 day 

period and a 30 day period, and the average value of each period is calculated. 

Further, in the present embodiment, "the start of reaction" is defined as the point 

when feed of the monooiefin having 4 carbon atoms to the fluidized bed reactor is 

started. 

25 [0018] 

[1] Butadiene production process 
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(1) Raw material 

In the process for producing butadiene according to the present embodiment, 

the raw material of the butadiene is a monooiefin having 4 carbon atoms. 

Preferably, the raw material is n-butene (meaning 1-butene, 2-butene, as well as a 

5 mixture thereof). Usually, a gas containing n-butene (hereinafter, sometimes 

referred to as "n-butene-containing gas") in which n-butene has been diluted with 

another component can be used. In addition, it is preferred that molecular oxygen is 

present in the fluidized bed reactor with the monooiefin having 4 carbon atoms. 

Usually, a gas containing molecular oxygen (hereinafter, sometimes referred to as 

10 "oxygen-containing gas") in which molecular oxygen has been diluted with another 

component can be used. 

[0019] 

The n-butene-containing gas does not have to include n-butene at a high purity, 

an arbitrary mixture or an industrial grade may also be used. Examples of the n-

15 butene-containing gas that can be used include a residual component (raffinate 1) 

obtained by removing butadiene from a C4 fraction produced as a byproduct in the 

thermal cracking of naphtha, a residual component (raffinate 2) obtained by removing 

isobutylene from raffinate 1, a butene fraction obtained by catalytic cracking of a 

heavy oil fraction, a butene fraction obtained by a dehydrogenation reaction or an 

20 oxidative dehydrogenation reaction of n-butane, a butene fraction obtained by 

dimerization of ethylene, and a C4 fraction produced as a byproduct by a catalytic 

conversion reaction of ethylene obtained by the thermal cracking of ethane or a 

dehydrogenation reaction of biomass ethanol. Biomass ethanol is ethanol obtained 

from plant resources. Specific examples includes ethanol obtained by the 

25 fermentation of sugar cane, corn and the like, and ethanol obtained from ligneous 

resources, such as scrap wood, thinnings, rice straw, and crops. 



[0020] 

From the viewpoint of butadiene productivity, it is preferred that the n-butene 

concentration in a raw material mixed gas is 2% by volume or more based on 100% 

by volume of the raw material mixed gas, and from the viewpoint of suppressing the 

5 burden on the catalyst, preferably 30% by volume or less. More preferably, the n-

butene concentration in the raw material mixed gas is 3 to 25% by volume, and even 

more preferably 4 to 20% by volume. 

[0021] 

The above-described raw material mixed gas is a gas that is fed to the reactor. 

10 The raw material mixed gas may be a mixture of a gas that includes n-butene and a 

gas that includes oxygen. In addition to n-butene and oxygen, the raw material 

mixed gas may also include, for example, unsaturated organic compounds, saturated 

organic compounds, aromatic organic compounds, water, steam, hydrogen, nitrogen, 

carbon dioxide, and carbon monoxide. Examples of unsaturated organic 

15 compounds include olefins, such as ethylene, propylene, isobutylene, pentene, 

hexene, heptene, and octene, as well as dienes. The above-described raffinate 2 

may include a small amount (% by volume) of isobutylene. Examples of dienes 

include 1,3-butadiene and 1,2-butadiene. Examples of saturated organic 

compounds include saturated hydrocarbons, such as methane, ethane, propane, 

20 butane, pentane, hexane, heptane, octane, and nonane. Examples of aromatic 

organic compounds include aromatic hydrocarbons, such as benzene, toluene, and 

xylene. Further, after separating butadiene, which is the target product, from the 

reaction product, at least a portion of the unreacted n-butene may be recycled back 

to the fluidized bed reactor. Along with this recycling, a portion of the reaction 

25 byproducts may also be recycled back to the fluidized bed reactor. Examples of 

such reaction byproducts include aldehydes, carboxyiic acids, ketones, and other 



oxygen-containing compounds. Specific examples include acetaldehyde, acrolein, 

methacrolein, benzaldehyde, acetic acid, acrylic acid, methacryiic acid, benzoic acid, 

maleic anhydride, phthalic acid, acetone, methyl vinyl ketone, and furan. Further, 

the raw material mixed gas may also include an acetylene, such as vinyl acetylene. 

5 [0022] 

From an industrial viewpoint, it is in particular preferred to use air as the 

oxygen supply source. The oxygen concentration in the above-described raw 

material mixed gas can be represented in terms of air (with the concentration of 

oxygen in air considered to be 21% by volume) by "air/n-butene" as the volume ratio 

10 of air to n-butene. From the viewpoint of suppressing an excessive oxidation 

reaction, air/n-butene is preferably 1 to 25, more preferably 2 to 12, and even more 

preferably 3 to 10. 

[0023] 

(2) Fluidized bed reaction (vapor-phase catalytic oxidation reaction) 

15 First, the first step will be described. In the process for producing butadiene 

according to the present embodiment, the reaction apparatus includes at least a 

fluidized bed reactor (hereinafter, sometimes simply referred to as a "reactor"). The 

reactor, which includes in its interior as its main constituent parts a gas disperser, the 

internal contents, and a cyclone, has a configuration in which the raw material mixed 

20 gas is brought into contact with the catalyst while the catalyst is fluidized. As such a 

fluidized bed reactor, a fluidized bed reactor described in publicly-known document, 

for example, the Fluidized Bed Handbook (published by Baifukan Co., Ltd., 1999), 

may be used. It is preferred that the fluidized bed reactor is a bubbling fluidized bed 

reactor. 

25 [0024] 
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The fluidized bed reactor has nozzles that feed the n-butene-containing gas 

and nozzles that feed the oxygen-containing gas in its interior. The nozzles that 

feed the n-butene-containing gas are usually arranged higher than the nozzles that 

feed the oxygen-containing gas. The nozzles may be arranged so that the feed port 

5 of each gas is pointing either in an upward or a downward vertical direction. 

[0025] 

The number of nozzles is, from the viewpoint of uniformly dispersing the 

bubbles of the raw material mixed gas over the catalyst layer, based on the area of 

the cross-section of the interior of the reactor orthogonal to the vertical direction, 

10 preferably 5 to 100 nozzles/m2, more preferably 7 to 60 nozzles/m2, and even more 

preferably 10 to 40 nozzles/m* It is preferred that the nozzles that feed the n-

butene-containing gas and the nozzles that feed the oxygen-containing gas face 

each other in a 1:1 manner. However, as long as the number of nozzles is within 

the above range, the number of nozzles feeding the n-butene-containing gas may be 

15 greater than or less than the number of nozzles feeding the oxygen-containing gas. 

Further, the nozzles do not have to face each other. From the viewpoint of 

dispersing the n-butene-containing gas as uniformly as possible, it is preferred that 

the number of nozzles feeding the n-butene-containing gas is greater than the 

number of nozzles feeding the oxygen-containing gas. 

20 [0026] 

The heat of reaction produced can be removed using a cooling pipe inserted 

into the reactor. Further, the product gas of this reaction can be temporarily 

exhausted from the reactor and fed to an absorption apparatus provided in the 

reaction apparatus or separately provided external to the reaction apparatus, 

25 components such as butadiene absorbed therein, and a portion of the remaining off-

gases fed to the reactor. 



[0027] 

It is preferred that the reactor in the present embodiment is connected by pipes 

to a below-described regenerator. These pipes are for removing the catalyst from 

the reactor to the regenerator, and returning the catalyst from the regenerator to the 

5 reactor in the below-described second step. It is preferred that the pipe for 

removing the catalyst (hereinafter, sometimes simply referred to as "removal pipe") 

has a connection part between the reactor and the removal pipe at a portion where 

the catalyst concentration in the reactor is high in order to efficiently remove the 

catalyst in the reactor. Further, it is preferred that a connection part between the 

10 reactor and a pipe for returning the catalyst (hereinafter, sometimes simply referred 

to as "return pipe") is provided at a portion where the catalyst concentration in the 

reactor is low in order to efficiently return the regenerated catalyst from the 

regenerator to the reactor. 

[0028] 

15 The reaction temperature in the reactor is preferably in the range of 300 to 

450°C, more preferably 320 to 420°C, and even more preferably 340 to 400°C. If 

the reaction temperature is 300°C or more, the conversion rate of the n-butene can 

be increased, and if the temperature is 450°C or less, the combustion decomposition 

rate of the produced butadiene can be suppressed more. Since the synthesis 

20 reaction of butadiene is an exothermic reaction, heat may be appropriately removed 

to obtain a preferred reaction temperature. In this case, the heat of reaction may be 

removed by a cooling pipe provided in the reactor. Further, in addition to this heat 

removal, the reaction temperature can also be regulated in the above range by 

supplying heat via a heating device. 

25 [0029] 
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From the viewpoint of further increasing the conversion rate of n-butene and 

the yield of butadiene, the reaction pressure in the reactor is preferably In the range 

of a slightly reduced pressure (e.g., -0,1 MPa/G) to 0.8 MPa/G, more preferably a 

normal pressure (0.0 MPa/G) to 0.4 MPa/G, and even more preferably 0.02 to 0.2 

5 MPa/G. In the present specification, "MPa/G" means MPa in terms of gauge 

pressure 

[0030] 

Although the contact time between the raw material mixed gas and the catalyst 

cannot be definitively determined, in terms of the amount (g) of the catalyst in the 

10 reactor based on the flow rate of the raw material mixed gas (cc/sec) fed to the 

reactor, the contact time is preferably 0.1 to 20 (sec-g/cc), more preferably 1 to 10 

(sec-g/cc), and in particular preferably 1 to 5 (sec-g/cc). If the contact time is in this 

range, butadiene, which is the target product, can be produced at a high yield. 

Further, the flow rate (cc/sec) of the raw material mixed gas is calculated in 

15 consideration of the temperature and pressure of the reaction conditions. 

[0031] 

The gas including the produced butadiene (hereinafter, sometimes referred to 

as "butadiene-containing gas") is discharged from a reactor outlet. The oxygen 

concentration in the reactor outlet gas is preferably 0 to 3.0% by volume, more 

20 preferably 0.1 to 2.5% by volume, and even more preferably 0.2 to 2.0% by volume. 

The oxygen concentration in the reactor outlet gas can be adjusted by changing the 

amount of oxygen-containing gas fed to the reactor (e.g., the amount of air fed to the 

reactor), the reaction temperature, the pressure in the reactor, the amount of catalyst 

and the total amount of gasses fed to the reactor. By controlling the oxygen 

25 concentration in the reactor outlet gas to 3.0% by volume or less, combustion 

14 



decomposition of the produced butadiene can be suppressed more, and the 

butadiene yield can be maintained at an even higher level. 

[0032] 

(3) Purification 

5 The reaction product obtained by a fluidized bed reaction can be purified by a 

publicly-known technique, for example, a method described in Japanese Patent 

Publication No. 45-17407, Japanese Patent Application Laid-Open No. 60-126235, 

and Japanese Patent Publication No. 3-48891, as well as a method described in 

Petrotech, Vol. 2. No. 4 (pages 59 to 65, 1978). If the butadiene concentration in 

10 the purified reaction product is 99% by volume or more, since the purified gas 

contains butadiene at a high purity, this gas can be preferably used as a raw material 

for synthetic rubber and the like, 

[0033; 

(4) Catalyst regeneration 

15 Next, the second step including the catalyst regeneration will be described. 

The process for producing butadiene according to the present embodiment includes 

a second step in which a part of the catalyst is removed from the fluidized bed 

reactor while the vapor-phase catalytic oxidation reaction is proceeding, the catalyst 

is regenerated in the regenerator under the predetermined conditions, and the 

20 regenerated catalyst is fed to the fluidized bed reactor while the reaction is 

proceeding. Here, the expression "while the reaction is proceeding" means a state 

in which the monooiefin having 4 carbon atoms is being fed to the fluidized bed 

reactor. Further, this expression should be understood as including cases in which 

the vapor-phase catalytic oxidation reaction is stopped for a short period, and cases 

25 in which operation is intermittently carried out. Specifically, the vapor-phase 

catalytic oxidation reaction may be temporarily stopped for 1 hour or less. In 

15 



addition, "stop the reaction" means stopping the feed of the monooiefin having 4 

carbon atoms to the reactor 

[0034] 

In the present embodiment, the ratio of the amount (kg/hr) of the regenerated 

5 catalyst fed to the fluidized bed reactor to the amount (kg/hr) of the monooiefin 

having 4 carbon atoms fed to the fluidized bed reactor (hereinafter, sometimes 

referred to as "regeneration ratio") needs to be 0.3% or more. The regeneration 

ratio is preferably 0.7% or more, more preferably 1.5% or more, even more preferably 

3.0% or more, and in particular preferably 4.0% or more. If the regeneration ratio is 

10 0.3% or more, continuous operation over an extended period is possible. The 

higher the regeneration ratio, the greater the decrease in the amount of organic 

matter adhered to the catalyst in the reactor. Since the amount of organic matter 

adhered to the catalyst is inversely proportional to the butadiene yield, a higher 

regeneration ratio also enables the butadiene yield to be increased. 

15 [0035] 

By removing the catalyst from the reactor in such a ratio, regenerating the 

catalyst, and feeding the regenerated catalyst to the reactor, the amount of organic 

matter adhered to the catalyst in the reactor can be kept roughly constant. 

Consequently, since there is no longer a need to stop the vapor-phase catalytic 

20 oxidation reaction used to produce butadiene during catalyst regeneration, butadiene 

can be stably produced at a high yield continuously over a long period. It is not 

necessary to adjust so that the amount of the catalyst removed from the reactor and 

the amount of the regenerated catalyst fed to the reactor are always equal, the ratio 

of these amounts may be freely changed. However, from the viewpoint of producing 

25 butadiene more stably, it is preferred to maintain the amount of the catalyst present 

in the fluidized bed reactor as constant as possible. From such a viewpoint, it is 

16 



preferred to adjust so that the difference between the amount of the catalyst removed 

from the reactor and the amount of the regenerated catalyst fed to the reactor is 

small. 

[0036] 

5 The greater the amount of the catalyst removed from the reactor and 

regenerated is, the lower the amount of organic matter adhered to the catalyst in the 

reactor tends to be. However, since there is a greater amount of the catalyst to be 

regenerated, more catalyst has to be regenerated within a predetermined time in the 

regenerator, so that the thermal load on the catalyst is increased as a result of 

10 increasing the temperature for regenerating the catalyst (hereinafter, sometimes 

simply referred to as "regeneration temperature") and the like. Consequently, 

degradation of the catalyst, such as sintering of the catalyst (decrease in the specific 

surface area) and changes in the crystal structure of the metal oxide, tends to be 

accelerated. Further, if the amount of the regenerated catalyst fed to the reactor is 

15 large, the normal state in the reactor tends to be impaired. Accordingly, from the 

viewpoint of preventing catalyst degradation, and from the viewpoint of maintaining 

the normal state in the reactor, it is preferred that the regeneration ratio is 100% or 

less, more preferably 60% or less, even more preferably 40% or less, and in 

particular preferably 20% or less. 

20 [0037] 

Examples of the method for regenerating the catalyst removed from the 

fluidized bed reactor may include, but are not in particular limited to, heating the 

removed catalyst while flowing a gas that includes oxygen (hereinafter, sometimes 

simply referred to as "regeneration gas") through the regenerator. 

25 [0038] 
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It is preferred that the regenerator is, similar to the reactor, a fluidized type, 

namely, a fluidized bed regenerator. In the regenerator, it is preferred to regenerate 

the catalyst by feeding the regeneration gas from the bottom of the regenerator to 

burn off organic matter on the catalyst while making the catalyst on which organic 

5 matter is adhered flow, so that localized heat generation resulting from the 

combustion of the organic matter is suppressed and an excessive thermal load is not 

placed on the catalyst. Further, regeneration may also be carried out using a rotary 

furnace (rotary kiln) that is used to calcine the catalyst during the below-described 

production of the catalyst. 

10 [0039] 

From the viewpoints of avoiding sudden combustion while efficiently burning 

off the organic matter adhered to the catalyst, and reducing the thermal load on the 

catalyst as much as possible, the regeneration temperature of the catalyst in the 

regenerator is preferably 250 to 550°C, more preferably 300 to 500°C, and even 

15 more preferably 350 to 450°C. Further, it is also preferred to gradually increase the 

temperature after feeding the catalyst to the regenerator. 

[0040] 

The pressure in the regenerator, namely, the regeneration pressure, can be 

appropriately selected in consideration of the relationship with the pressure in the 

20 reactor, namely, the reaction pressure. Usually, it is preferred that the regeneration 

pressure is a slightly reduced pressure (e.g., -0.1 MPa/G) to 0.3 MPa/G, and more 

preferably 0.05 to 0.2 MPa/G. 

[0041] 

From an industrial viewpoint, it is preferred that the supply source of the 

25 oxygen in the regeneration gas is air. From the viewpoint of avoiding sudden 

combustion of the organic matter adhered to the catalyst, it is preferred that the 

18 



oxygen concentration in the regeneration gas is 0.5 to 21% by volume, more 

preferably 1 to 10% by volume, and even more preferably 1 to 5% by volume. 

Examples of the gas forming the portion other than oxygen in the regeneration gas 

include nitrogen (N2), helium (He), water vapor (H20), and carbon dioxide (CO2). 

5 Usually, this gas is N2 

[0042] 

Although the contact time between the above-described regeneration gas and 

the catalyst during fluidized bed regeneration cannot be definitively determined, from 

the viewpoint of efficiently burning off the organic matter adhered to the catalyst, 

10 based on the ratio of the amount (g) of the catalyst in the regenerator to the flow rate 

of the regeneration gas (cc/sec) fed to the regenerator, the contact time is preferably 

0.1 to 20 (sec-g/cc), and more preferably 1 to 10 (sec-g/cc). Further, the flow rate 

(cc/sec) of the regeneration gas is calculated in consideration of the temperature and 

pressure of the regeneration conditions. 

15 [0043] 

The important points in this step of regenerating the catalyst are to reduce 

excessive thermal load on the catalyst by avoiding localized heat generation from the 

combustion of the organic matter, and not exposing the catalyst to a reducing 

atmosphere by ensuring that the oxygen concentration in the gas exhausted from the 

20 regenerator (hereinafter, referred to as "regenerator outlet gas") is 0.1 % by volume or 

more. To satisfy this condition, in the regenerator it is preferred to appropriately 

combine the various conditions described above. For example, it is preferred to 

perform regeneration by feeding a regeneration gas having an oxygen concentration 

of 1 to 5% by volume so that the contact time with the catalyst is 1 to 5 (sec-g/cc), 

25 maintaining the regeneration pressure at 0.05 to 0.2 MPa/G, burning off the organic 

matter on the catalyst while gradually increasing the regeneration temperature to the 
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range of 250 to 450°C, and maintaining the oxygen concentration in the regeneration 

outlet gas at 0.5% by volume or more. 

Further, it is not necessary to completely remove the organic matter adhered to 

the catalyst. It is acceptable if a small amount remains. 

5 [0044] 

The frequency of feeding the regenerated catalyst to the reactor is not in 

particular limited. The regenerated catalyst may be continuously fed or intermittently 

fed to the reactor, or fed based on a combination thereof. If the catalyst is 

continuously removed from the reactor, it is preferred to also continuously feed the 

10 regenerated catalyst to the reactor. On the other hand, if the catalyst is 

intermittently removed from the reactor, it is preferred to also intermittently feed the 

regenerated catalyst to the reactor. Further, in the case of intermittently feeding the 

regenerated catalyst, it is preferred to feed the regenerated catalyst to the reactor at 

least once every 15 days. 

15 [0045] 

The amount of organic matter adhered to the catalyst in the reactor that is 

achieved by such regeneration is, based on the total amount of the catalyst and the 

adhered organic matter, preferably 10% by mass or less, more preferably 5% by 

mass or less, even more preferably 3% by mass or less, and in particular preferably 

20 2% by mass or less. There is a correlation between the amount of organic matter 

adhered to the catalyst in the reactor and the butadiene yield, in which the lower the 

amount of organic matter, the higher the butadiene yield. Further, since the rate of 

adherence of organic matter to the catalyst decreases as the amount of organic 

matter adhered becomes smaller, from that viewpoint, it is preferred that the amount 

25 of organic matter adhered to the catalyst in the reactor is 3% by mass or less. 

[0046] 



[2] Catalyst 

(1) Structure 

Although the catalyst is not in particular limited as long as it can be used in the 

process for producing butadiene, it is preferred that the catalyst includes a metal 

5 oxide containing molybdenum (Mo), bismuth (Bi), and iron (Fe). More preferably, 

the metal oxide is supported on a support. The composition ratio among the Mo, Bi, 

and Fe is adjusted so that a metal oxide that matches the intended purpose is formed 

in the catalyst. It is thought that an oxidative dehydrogenation reaction from n-

butene to butadiene is carried out by using lattice oxygen in the metal oxide. 

10 Generally, if lattice oxygen in the catalyst is consumed by an oxidative 

dehydrogenation reaction, oxygen vacancies are produced in the metal oxide. 

These also cause reduction of the metal oxide as the reaction proceeds, so that 

catalytic activity is gradually decreased. Therefore, to maintain catalytic activity at a 

high level, it is necessary to quickly reoxidize the reduced metal oxide. A metal 

15 oxide that contains Mo, Bi, and Fe is not only active in an oxidative dehydrogenation 

reaction from n-butene to butadiene, it can also be considered that such a metal 

oxide will have excellent reoxidation characteristics for recovering consumed lattice 

oxygen by dissociatively adsorbing and incorporating molecular oxygen in the gas 

phase into the metal oxide. Therefore, from this viewpoint, the above catalyst is 

20 preferred. 

[0047] 

If the catalyst including the metal oxide containing Mo, Bi, and Fe and the 

support supporting that metal oxide is used for producing butadiene by a fluidized 

bed process, there is an even greater effect in suppressing the secondary 

25 decomposition of butadiene, which is the product, and thus butadiene can be 

obtained at an even higher yield. Although the details are unclear, the reasons for 
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this are thought to be (1) the fact that since the acidity of the catalyst is suitable, a 

secondary decomposition activity of butadiene on the catalyst is low, and (2) since 

the ability of the reaction sites of the catalyst to adsorb the produced butadiene is 

small, after the butadiene is produced, the butadiene quickly desorbs before 

5 undergoing decomposition at the reaction sites, 

[0048] 

From the viewpoint of making it even easier to form the metal oxide that 

matches the intended purpose, it is preferred that the composition ratio among Mo, B 

and Fe in the catalyst is, as an atom ratio p of the Bi and an atom ratio q of the Fe 

10 based on an Mo atom ratio of 12, 0,1 < p < 5 and 0.5 < q < 8, 

[0049] 

In the catalyst, if the metal oxide contains metal elements other than Mo, Bi, 

and Fe, it is preferred that the metal oxide is represented by the following empirical 

formula (I). 

5 MO-|2 ip 6qAa ibJcL'jE.: 5x (I) 

In this formula, A represents one or more elements selected from the group 

consisting of nickel and cobalt, G represents one or more elements selected from the 

group consisting of alkali metal elements, J represents one or more elements 

selected from the group consisting of magnesium, calcium, strontium, barium, zinc, 

20 and manganese, L represents one or more elements selected from the group 

consisting of rare earth elements, E represents one or more elements selected from 

the group consisting of chromium, indium, and gallium, O represents an oxygen atom, 

p, q, a, b, c, d, e, and x denote the atom ratio of bismuth, iron, A, G, J, L, E, and 

oxygen, respectively, based on 12 atoms of molybdenum, in which 0.1 < p < 5, 0.5 < 

25 q < 8, 0 < a < 10, 0.02 < b < 2, 0 < c < 5, 0 < d < 5, 0 < e < 5, and x denotes the 
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number of atoms of oxygen required to satisfy the vaience requirement of the other 

elements that are present in the metal oxide 

[0050] 

In the present specification, the "empirical formula" represents a composition 

5 formed from an atom ratio of the metals included in this formula, and the required 

oxygen atoms based on that atom ratio and the sum of the metal oxidation numbers. 

In an oxide that includes metals capable of having several oxidation numbers, it is 

essentially impossible to specify the number of atoms of oxygen. Therefore, the 

oxygen number is formally denoted as "x". For example, for a metal oxide obtained 

10 by preparing a slurry that includes an Mo compound, a Bi compound, and a Fe 

compound, and drying and/or calcining this slurry, the atom ratio of the metals 

included in the slurry and the atom ratio of the metals in the obtained metal oxide can 

be considered to be essentially the same. Therefore, a formula that has Ox added 

to the prepared composition formula of the slurry is the empirical formula of the 

15 obtained metal oxide. Further, in the present specification, like the prepared 

composition of the above-described slurry, since a formula representing the 

intentionally-controlled components and their ratios is called a "composition formula,' 

in a case like that described above, the formula obtained by removing the Ox from 

empirical formula (I) is the "composition formula." 

20 [0051] 

Although the role of the components represented by A, G, J, L, and E is not 

limited, in the field of metal oxide catalysts having Mo, Bi, and Fe as essential 

components, the role of each component is presumed to be as follows. Namely, A 

and E are thought to improve the activity of the catalyst, G and J to stabilize the 

25 structure of the metal oxide including Mo, Bi, and Fe that matches the intended 

purpose, and L to have the effect of reoxidizing the metal oxide. If p, q, a, b, c, d, 



and e are within the above-described ranges, these effects can be expected to be 

substantially higher. 

[0052] 

In the above-described empirical formula (I), a more preferred composition is 

5 0.2 <p <3.0, 0.7 <q <5.0, 1.0 < a < 9.0, 0.05 < b < 1.0, 1.0 < c <4.0, 0.1 <d<3.0, 

and 0 < e < 4.0. In an even more preferred composition, G represents one or more 

elements selected from the group consisting of rubidium, potassium, and cesium, J 

represents magnesium, L represents one or more elements selected from the group 

consisting of cerium, lanthanum, praseodymium, neodymium and yttrium, in which 

10 0.3 < p < 2.0, 1.0 < q < 3.0, 2.0 < a < 8.0, 0.1 < b < 0.5, 1.5 < c < 3.5, 0.2 < d < 2.0, 

and 0 < e < 3.0. 

[0053] 

From the viewpoint of using the support more effectively, the content ratio of 

the support in the catalyst is, based on the total mass of the support and the metal 

15 oxide, preferably 30 to 70% by mass, more preferably 40 to 60% by mass, even 

more preferably 45 to 60% by mass, and in particular preferably 50 to 55% by mass. 

This catalyst including a metal oxide that contains Mo, Bi, and Fe can be obtained by 

a publicly-known method that includes, for example, step A of preparing a raw 

material slurry, step B of spray drying the raw material slurry, and step C of calcining 

20 the dried product obtained from step B. The support is preferably one or more 

selected from the group consisting of silica, alumina, titania, and zirconia, and a more 

preferred support is silica. Silica is a support that is more inert to an oxidative 

dehydrogenation reaction of n-butene than other supports. Silica also has a good 

binding action with the catalyst for obtaining butadiene, which is the target product, 

25 without reducing the activity or selectivity of the catalyst. Further, by supporting the 

metal oxide on the support, the catalyst can be provided with preferred physical 



properties (physical characteristics) for a fluidized bed reaction, such as particle 

shape, size, distribution, and fluidity, as well as mechanical strength. 

[0054] 

In particular like in the present embodiment, if the catalyst is cycled between a 

5 reactor and a regenerator, the catalyst greatly needs to have a preferred particle 

shape, fluidity, and mechanical strength. An important factor in the control of these 

physical characteristics is the selection of the raw material of the above-described 

support. It is preferred to use the corresponding sol for the raw material of such 

supports. Namely, if the support includes silica, it is preferred to use a silica sol as 

10 the raw material, while if the support includes alumina, it is preferred to use an 

alumina sol as the raw material. Among these sols, by mixing two or more sols that 

have different average particle sizes for the oxide particles included therein, it tends 

to be easier to obtain a catalyst whose above-described physical characteristics are 

better. For example, if the support includes silica, it is preferred to produce the 

15 support from two or more silica sols having a different silica average particle size 

from each other. For example, the support can be produced from a silica sol having 

a silica average particle size of 10 to 15 nm and a silica sol having a silica average 

particle size of 30 to 50 nm. Such a support can obtain a catalyst having better 

particle shape and fluidity as well as better mechanical strength than when silica sols 

20 having the same silica average particle size are used alone. In addition, if a thus-

obtained catalyst is used, the butadiene yield in the reaction producing butadiene 

from n-butene tends to be much better, and there tends to be less organic matter 

adhered to the catalyst during the butadiene production reaction. This is an 

advantageous effect that not even a person skilled in the art would have expected. 

25 [0055] 
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The average particle size of the silica or the like included in the sol can be 

measured by a nanoparticle size and distribution measurement apparatus (SALD-

7100, manufactured by Shimadzu Corporation). 

[0056] 

5 When mixing two or more sols which differ from each other in an average 

particle size of the oxide particles included therein, from the viewpoint of making the 

above-described physical characteristics of the catalyst even better, it is preferred 

that the difference in average particle size of the oxide particles between these sols 

is 5 to 40 nm, and more preferably 10 to 30 nm. For example, the average particle 

10 size of the oxide particles of the sol that includes the small oxide particles is 

preferably 5 to 20 nm, and the average particle size of the oxide particles of the sol 

that includes the large oxide particles is preferably 30 to 80 nm. 

[0057] 

Further, when mixing two or more sols which differ from each other in an 

15 average particle size of the oxide particles included therein, from the viewpoint of 

more effectively and reliably obtaining the effects gained by mixing, it is preferred that 

the mixing ratio, as a mass ratio of the oxide particles between the sol including the 

oxide particles with a smaller average particle size and the sol including the oxide 

particles with a larger average particle size, is 95:5 to 5:95, and more preferable is 

20 80:20 to 20:80. 

[0058] 

(2) Production process 

Although the process for producing the catalyst according to the present 

embodiment is not in particular limited, it is preferred to include step A of preparing a 

25 raw material slurry, step B of spray drying the raw material slurry, and step C of 
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calcining the dried product obtained from step B. A preferred mode of the process 

for producing the catalyst will now be described. 

[0059] 

In step A, a raw material slurry is obtained from the raw materials of the 

5 catalyst. Examples of the respective elements forming the catalyst include, as the 

elemental source of molybdenum, bismuth, iron, nickel, cobalt, alkali metal elements, 

magnesium, calcium, strontium, barium, zinc, manganese, rare earth elements, 

chromium, indium, and gallium, an ammonium salt, a nitrate, a hydrochloride, a 

sulfate, and an organic acid salt thereof that can dissolve in water or nitric acid. In 

10 particular, as the molybdenum source, an ammonium salt is preferred, and as the 

elemental source of bismuth, iron, nickel, an alkali metal, magnesium, zinc, 

manganese, and a rare earth element, a nitrate thereof is preferred. As described 

above, the support of the catalyst is preferably one or more selected from the group 

consisting of silica, alumina, titania, and zirconia, and a more preferred support is 

15 silica. As the silica source, a silica sol is more preferred. It is even more preferred 

to use as the silica source a mixture of two or more silica sols having a different silica 

average particle size from each other. Regarding impurities in the silica sol, it is 

preferred to use a silica sol having an aluminum content of not greater than 0.04 

atoms for 100 silicon atoms, and more preferably a silica sol having an aluminum 

20 content of not greater than 0.02 atoms for 100 silicon atoms. 

[0060] 

The raw material slurry can be obtained by an ordinary method. For example, 

the raw material slurry can be prepared by adding an ammonium salt of molybdenum 

dissolved in water to a silica sol, and then adding a solution in which a respective 

25 nitrate of bismuth, a rare earth element, iron, nickel, magnesium, zinc, manganese, 
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and an alkali metal has been dissolved in water or aqueous nitric acid. During this 

process, the above-described order of addition may be changed. 

[0061] 

In step B, the raw material slurry obtained from the above-described step A is 

5 spray dried to obtain spherical particles. Atomization of the raw material slurry can 

be performed based on a method that is usually carried out industrially, such as a 

centrifugal method, a two-fluid nozzle method, and a high-pressure nozzle method. 

Among these methods, a centrifugal method is preferably employed. Next, the 

obtained particles are dried. As the drying heat source, it is preferred to use air 

10 heated by steam, an electric heater and the like. The temperature at the dryer inlet 

is 100 to 400°C, and preferably 150 to 300°C. 

[0062] 

In step C, the target catalyst is obtained by calcining the dry particles obtained 

from step B. If necessary, it is preferred to pre-calcine the dry particles at, for 

15 example, 150 to 500°C, and then calcine the particles for 1 to 20 hours at a 

temperature in the range of 500 to 700°C. The calcining can be carried out using a 

calcining furnace, such as a rotary furnace (rotary kiln), a tunnel furnace, and a 

muffle furnace. Although the average particle size of the obtained catalyst is not in 

particular limited, from the viewpoint of fluidity of the catalyst, the average particle 

20 size is preferably in the range of 40 to 70 nm, and more preferably in the range of 50 

to 60 (am. Further, the particle size distribution of the catalyst is preferably such that 

the particle size of 90% by mass or more of the catalyst particles is in the range of 10 

to 150 nm. The average particle size and the particle size distribution of the catalyst 

may be measured using the apparatus described in the following Examples. 

25 [0063] 
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Further, from the viewpoint of the fluidity of the catalyst, the angle of repose of 

the catalyst is preferably 15 to 40°, and more preferably 20 to 30°. From the 

viewpoint of suppressing pulverization of the catalyst in the fluidized bed reactor, it is 

preferred that the average compressive strength of the catalyst is 10 to 100 MPa, 

5 and 20 to 60 MPa is more preferred. The angle of repose and the average 

compressive strength may be measured using the apparatus described in the 

following Examples. 

[0064] 

According to the present embodiment, a sudden increase in the amount of 

10 organic matter adhered to the catalyst that occurs with an oxidative dehydrogenation 

reaction of a monooiefin having 4 carbon atoms, such as n-butene, can be 

suppressed. Consequently, butadiene can be stably produced at a high yield 

continuously over a long period. 

15 Examples 

[0065] 

The present invention will now be described in more detail with reference to 

the following Examples. However, the present invention is not limited by the 

following Examples. 

20 [0066] 

In the Examples and Comparative Examples, the n-butene conversion rate 

and the butadiene yield used to represent the reaction results are defined based on 

the following formulae. 

n-Butene conversion rate (%) = (number of moles of reacted n-

25 butene)/(number of moles of fed n-butene) x 100 
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Butadiene yield (%) = (number of moles of produced butadiene)/(number of 

moles of fed n-butene) x 100 

[0067] 

A carbon steel reactor having an inner diameter of 0.6 m and a height of 17 m, 

5 and having inside the reactor a two-stage cyclone and a plurality of cooling pipes 

roughly evenly arranged in four stages in the height direction was used as a fluidized 

bed reactor. The feed of oxygen and an inert gas such as nitrogen (oxygen-

containing gas) was carried out using seven nozzles (one in the center and six 

arranged at 60° intervals around the center at a distance of 200 mm) from a bottom 

10 portion of the reactor. The feed port of the n-butene-containing gas was arranged 

300 mm above the feed port of the oxygen-containing gas, so that the n-butene-

containing gas was fed so as to oppose the oxygen-containing gas. The reaction 

temperature was taken as an average value of measurement values obtained from 

four thermocouples arranged 0.25 m to 0.5 m from the bottom portion of the reactor. 

15 The gases produced from the reaction were analyzed using a gas chromatography 

apparatus (model number: GC2010 Plus, manufactured by Shimadzu Corporation). 

[0068] 

[Measurement of the amount of organic matter adhered to the catalyst] 

The catalyst was obtained from the reactor, and the amount of organic matter 

20 adhered to the catalyst was measured using a thermogravimetric analysis apparatus 

(model number: TG-8120, manufactured by Rigaku Corporation). The temperature 

was increased to 600°C while flowing an oxygen/helium mixed gas into the system, 

and the decrease in the mass of the catalyst to which organic matter had been 

adhered was measured. At 600°C, all of the organic matter had been burned off 

25 and removed. However, the decrease in mass up to 200°C was considered to be 

derived from adsorbed moisture, and was thus excluded. 



[0069] 

(a) Catalyst preparation 

[Catalyst A] 

A catalyst in which a metal oxide with a composition represented by the 

5 empirical formula Mo12Bi0.60Fe1.8Ni5.0K0.09Rb0.05Mg2.0Ce0.75Ox was supported on 50% 

by mass of silica based on the whole catalyst (total mass of the support and the 

metal oxide; hereinafter the same applies) was prepared as follows. A solution of 

5.9 kg of bismuth nitrate [BKNOsb-ShhO], 6.6 kg of cerium nitrate [Ce(N03)3-6H20], 

14.7 kg of iron nitrate [Fe(N03)3-9H20], 29.3 kg of nickel nitrate [Ni(N03)2-6H20], 10.4 

10 kg of magnesium nitrate [Mg(N03)2-6H20], 0.18 kg of potassium nitrate [KNO3], ar|d 

0.15 kg of rubidium nitrate [RbNOa] dissolved in 41.3 kg of 16.6% by mass of nitric 

acid was charged into 183.5 kg of a silica sol (silica average particle size of 12 nm, 

manufactured by Nalco Company) including 30% by mass of silica (Si02). The 

resulting mixture was further charged with a solution of 42.7 kg of para-ammonium 

15 molybdate [(NH4)6Mo7024-4H20] in 86,1 kg of water to obtain a raw material 

preparation (step A). The obtained raw material preparation was fed to a co-current 

spray dryer, and dried at an inlet temperature of about 250°C and an outlet 

temperature of about 140°C. Atomization of the raw material preparation was 

carried out using an atomizer equipped with a dish-shaped rotor arranged in the 

20 center of an upper portion of the dryer (step B). The obtained powder was, in an 

electric rotary furnace, pre-calcined for 1 hour at about 350°C in an air atmosphere, 

and then calcined for 2 hours at 590°C in an air atmosphere (step C), whereby a 

catalyst was obtained. This catalyst preparation process was repeated to produce 

the necessary amount of catalyst A. The produced catalyst A had an average 

25 particle size of 50.5 ^m (measured with an apparatus (Model name: MT 3000) 

manufactured by Microtrac; hereinafter the same applies), an angle of repose of 28° 



(measured with a cylinder rotary type angle of repose measurement device, 

manufactured by Tsutsui Scientific Instruments Co., Ltd.; hereinafter the same 

applies), and an average compressive strength of 24 MPa (measured with an 

apparatus (Model name: MCT) manufactured by Shimadzu Corporation; hereinafter 

5 the same applies). 

[0070] 

[Catalyst B] 

Catalyst B was prepared in the same manner as the preparation of catalyst A, 

except that a 70:30 (mass ratio) mixture of a sol having a silica average particle size 

10 of 12 nm and a sol having a silica average particle size of 40 nm was used as the 

silica sol. The obtained catalyst B had an average particle size of 50.2 |im, an angle 

of repose of 26°, and an average compressive strength of 35 MPa. 

[0071] 

[Catalyst C] 

15 Catalyst C was prepared in the same manner as the preparation of catalyst B, 

except that the catalyst included a metal oxide with a composition represented by the 

empirical formula Mo12Bi0.60Fe1.2Ni2.0Co3.0K0.09Rb0.02Mg2.0Ce0.75OK supported on 50% 

by mass of silica based on the whole catalyst, in which a part of the raw material was 

changed to cobalt nitrate [Co(N03)2-6H20], and the amount of each component was 

20 adjusted to match the above composition. The obtained catalyst C had an average 

particle size of 50.8 |j.m, an angle of repose of 26°, and an average compressive 

strength of 36 MPa. 

[0072] 

[Catalyst D] 

25 Catalyst D was prepared in the same manner as the preparation of catalyst B, 

except that the catalyst included a metal oxide with a composition represented by the 
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empirical formula M012Bi1.2Fe2.5C06.oMn2.2Lao.75Cro.02Ox supported on 50% by mass 

of silica based on the whole catalyst, in which a part of the raw material was changed 

to cobalt nitrate [Co(N03)2-6H20], manganese nitrate [Mn(N03)2-6H20], lanthanum 

nitrate [La(N03)2-6H20], and chromium nitrate [Cr(N03)2-9H20], and the amount of 

5 each component was adjusted to match the above composition. The obtained 

catalyst D had an average particle size of 49.8 jim, an angle of repose of 26°, and an 

average compressive strength of 35 MPa. 

[0073] 

[Catalyst E] 

10 Catalyst E was prepared in the same manner as the preparation of catalyst A, 

except that a metal oxide with the same composition as catalyst A was supported on 

50% by mass of alumina based on the whole catalyst. As the alumina source, an 

alumina sol manufactured by Nalco Company (trade name "Nalco 8676," alumina 

content: 10% by mass) was used. The obtained catalyst E had an average particle 

15 size of 51.0 (j,m, an angle of repose of 25°, and an average compressive strength of 

55 MPa. 

[0074] 

[Catalyst F] 

Catalyst F was prepared in the same manner as the preparation of catalyst A, 

20 except that a metal oxide with the same composition as catalyst A was supported on 

a support formed from 43% by mass of silica and 7% by mass of titania based on the 

whole catalyst. As the silica-titania source, a silica-titania sol manufactured by 

Nalco Company (trade name "TX 11658," titania content: 4% by mass, silica content: 

26% by mass) was used. The obtained catalyst F had an average particle size of 

25 50.5 |j.m, an angle of repose of 26°, and an average compressive strength of 35 MPa. 

[0075] 



[Catalyst G] 

Catalyst G was prepared in the same manner as the preparation of catalyst A, 

except that a metal oxide with the same composition as catalyst A was supported on 

50% by mass of zirconia based on the whole catalyst. As the zirconia source, a 

5 zirconia sol manufactured by Nalco Company (trade name "00SS008," zirconia 

content: 23% by mass) was used. The obtained catalyst G had an average particle 

size of 50.5 nm, an angle of repose of 27°, and an average compressive strength of 

30 MPa. 

[0076] 

10 (Example 1) 

550kg of Catalyst A was charged into the above-described reactor, and a n-

butene-containing gas (1-butene/2-butene/n-butene/other C4 hydrocarbons = 

38/33/26/3 (volume ratio)) and an oxygen-containing gas (mixed gas of air and 

nitrogen) were oppositely fed to the reactor. The ratio of the respective gases 

15 included in the raw material gas was adjusted so that the n-butene concentration 

(total concentration of 1-butene and 2-butene) was 8% by volume, and air/n-butene 

was 4.7 (volume ratio). The amount of raw material mixed gas fed to the reactor 

was set at 7,093 NL/min. The contact time was adjusted to around 3.0 (g sec/cc) so 

that the oxygen concentration at the reactor outlet was 1.0% by volume. Butadiene 

20 was produced by setting the reaction temperature to 360°C and the reaction pressure 

to 0.05 MPa/G (gauge pressure) (first step). 

[0077] 

After carrying out the above reaction for 1.5 days, the catalyst in an amount of 

25% by mass (137.5 kg) based on the total amount of the catalyst in the reactor was 

25 removed while performing the reaction to a regenerator via an removal pipe 

connecting the reactor and the regenerator. The removed catalyst was regenerated 



in the regenerator under the following conditions. All the catalyst that had finished 

regeneration was fed to the fluidized bed reactor while the reaction was proceeding 

via a return pipe connecting the regenerator and the reactor (until this point, second 

step). The reaction was continued even during this time. The amount of 

5 regenerated catalyst at this point was 3.82 kg/hr (i.e., 137.5 kg/36 hr = 3.82 kg/hr). 

Since the amount of the monooiefin having 4 carbon atoms (in this case, the amount 

of n-butene) in the raw material mixed gas fed to the reactor was 85.1 kg/hr (i.e., 

calculated from 7,093 NL/min x 0.08 (n-butene concentration) = 567.4 NL/min), the 

regeneration ratio was 4.5% (i.e., 3.82 (kg/hr)/85.1 (kg/hr) x 100 = 4.5%). In the 

10 following Examples 2 to 5 and 9 to 14, and Comparative Example 1, the regeneration 

ratio was calculated in the same manner 

[0078] 

In the regeneration of the catalyst, organic matter adhered to the catalyst was 

burned off by feeding an O2/N2 mixed gas (O2/N2 = 5/95% by volume) as the 

15 regeneration gas to the regenerator, while maintaining the regeneration pressure at 

0.03 MPa/G (gauge pressure) and increasing the temperature from 250°C to 450°C 

over 5 hours. After that, the catalyst was held for further 7 hours at 450°C. The 

oxygen concentration at the regenerator outlet during this time was maintained at 1% 

by volume or more. It was confirmed that organic matter on the catalyst that had 

20 finished regeneration had been completely removed. 

[0079] 

The operation as described above, in which regeneration was performed by 

intermittently removing the catalyst every 1.5 days while carrying out the reaction, 

and the regenerated catalyst was fed to the reactor, was continued for 50 days. 

25 During this period, it was possible to continue the operation in a stable manner. The 

reaction results and the amount of organic matter adhered to the catalyst in the 
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reactor (amount of organic matter on the catalyst in the reactor) during this period are 

shown in Table 1. 

[0080] 

(Example 2) 

5 An operation in which the catalyst was intermittently removed every 1.5 days 

while carrying out the reaction, and regenerated, and the regenerated catalyst was 

fed to the reactor, was continued for 50 days in the same manner as in Example 1, 

except that catalyst B was used. During this period, it was possible to continue the 

operation in a stable manner. The reaction results during this period are shown in 

10 Table 1, and the trend in the amount of organic matter adhered to the catalyst in the 

reactor is illustrated in FIG. 1. 

[0081] 

(Example 3) 

An operation in which the catalyst was intermittently removed every 1.5 days 

15 while carrying out the reaction, and regenerated, and the regenerated catalyst was 

fed to the reactor, was continued for 50 days in the same manner as in Example 1, 

except that catalyst C was used. During this period, it was possible to continue the 

operation in a stable manner. The reaction results and the amount of organic matter 

adhered to the catalyst in the reactor during this period are shown in Table 1. 

20 [0082] 

(Example 4) 

the catalyst in an amount of 5% by mass (27.5 kg) based on the total amount 

of the catalyst in the reactor was intermittently removed every 4 days to the 

regenerator, and regenerated, and all of the regenerated catalyst was fed to the 

25 reactor. The amount of regenerated catalyst at this point was 0.286 kg/hr (i.e., 27.5 

kg/96 hr = 0.286 kg/hr). Since the amount of the monooiefin having 4 carbon atoms 



(in this case, the amount of n-butene) in the raw material mixed gas fed to the reactor 

was 85.1 kg/hr, the regeneration ratio was 0.34% (i.e., 0.286 (kg/hr)/85.1 (kg/hr) x 

100 = 0.34%). Apart from this, the operation was carried out in the same manner as 

in Example 2. During this period, it was possible to continue the operation in a 

5 stable manner. The reaction results and the amount of organic matter adhered to 

the catalyst in the reactor during this period are shown in Table 1, and the trend in 

the amount of organic matter adhered to the catalyst in the reactor is illustrated in 

FIG. 1. 

[0083] 

10 (Examples) 

the catalyst in an amount of 25% by mass (137.5 kg) based on the total 

amount of the catalyst in the reactor was intermittently removed every 0.5 days to the 

regenerator, and regenerated, and the regenerated catalyst was fed to the reactor. 

The regeneration ratio at this point was 13.5%. Apart from this, the operation was 

15 carried out in the same manner as in Example 2. During this period, it was possible 

to continue the operation in a stable manner. The reaction results and the amount 

of organic matter adhered to the catalyst in the reactor during this period are shown 

in Table 1. 

[0084] 

20 (Example 6) 

Using catalyst B, the catalyst was continuously removed from the reactor to 

the regenerator, and regenerated. Specifically, from the start of reaction, the 

catalyst was continuously removed at 3,9 kg/hr from the reactor to the regenerator, 

and regenerated under the following conditions, and the regenerated catalyst was fed 

25 back into the reactor in the same ratio as the removed catalyst, so that the total 

amount of the catalyst in the reactor was constant. Apart from this, the reaction was 
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carried out in the same manner as in Example 2. The regeneration ratio at this point 

was 4.6% (i.e., 3.9 (kg/hr)/85.1 (kg/hr) x 100 = 4.6%. In the following Examples 7, 8, 

15, and 16, the regeneration ratio was calculated in the same manner). 

[0085] 

5 In the regeneration of the catalyst, the above-described catalyst was placed in 

the regenerator maintained at 450°C. Regeneration was carried out by feeding an 

O2/N2 mixed gas (02/N2 = 8/92 (% by volume)) as the regeneration gas to the 

regenerator, and maintaining the regeneration pressure at 0.05 MPa/G (gauge 

pressure). The oxygen concentration at the regenerator outlet was maintained at 

10 1 % by volume or more. The amount of organic matter adhered to the catalyst that 

had finished regeneration was 0.1% by mass. 

[0086] 

This operation was carried out for 50 days, during which it was possible to 

continue the operation in a stable manner. The reaction results and the amount of 

15 organic matter adhered to the catalyst in the reactor during this period are shown in 

Table 1. 

[0087] 

(Example 7) 

From the start of reaction, the catalyst was continuously removed at 82.2 kg/hr 

20 from the reactor to the regenerator, and regenerated, and the regenerated catalyst 

was fed back into the reactor in the same ratio as the removed catalyst, so that the 

total amount of the catalyst in the reactor was constant. Apart from this, the 

operation was carried out in the same manner as in Example 6. The regeneration 

ratio at this point was 96.6%. This operation was carried out for 50 days, during 

25 which time it was possible to continue the operation in a stable manner. The 

reaction results and the amount of organic matter adhered to the catalyst in the 



reactor during this period are shown in Table 1, and the trend in the amount of 

organic matter adhered to the catalyst in the reactor is illustrated in FIG. 1. 

[0088] 

(Example 8) 

5 From the start of reaction, the catalyst was continuously removed at 0.60 kg/hr 

from the reactor to the regenerator, and regenerated, and the regenerated catalyst 

was fed back into the reactor in the same ratio as the removed catalyst, so that the 

total amount of the catalyst in the reactor was constant. Apart from this, the 

operation was carried out in the same manner as in Example 6. The regeneration 

10 ratio at this point was 0.71 %. This operation was carried out for 50 days, during 

which time it was possible to continue the operation in a stable manner. The 

reaction results and the amount of organic matter adhered to the catalyst in the 

reactor during this period are shown in Table 1. 

[0089] 

15 (Example 9) 

An operation was carried out in the same manner as in Example 2, except that 

the n-butene-containing gas in Example 2 was changed to 1-butene, the 1-butene 

concentration in the raw material mixed gas was adjusted to 6% by volume, and the 

air/1-butene was adjusted to 4.9 (volume ratio). This operation was continued for 50 

20 days, during which time it was possible to continue the operation in a stable manner. 

The reaction results and the amount of organic matter adhered to the catalyst in the 

reactor during this period are shown in Table 1. 

[0090] 

(Example 10) 

25 An operation in which the catalyst was intermittently removed every 1.5 days 

while carrying out the reaction, and regenerated, and the regenerated catalyst was 



fed to the reactor, was continued for 50 days in the same manner as in Example 1, 

except that catalyst D was used. During this period, it was possible to continue the 

operation in a stable manner. The reaction results during this period are shown in 

Table 1. 

5 [0091] 

(Example 11) 

An operation in which the catalyst was intermittently removed every 1.5 days 

while carrying out the reaction, and regenerated, and the regenerated catalyst was 

fed to the reactor, was continued for 50 days in the same manner as in Example 1, 

10 except that catalyst E was used. During this period, it was possible to continue the 

operation in a stable manner. The reaction results during this period are shown in 

Table 1 

[0092] 

(Example 12) 

15 An operation in which the catalyst was intermittently removed every 1.5 days 

while carrying out the reaction, and regenerated, and the regenerated catalyst was 

fed to the reactor, was continued for 50 days in the same manner as in Example 1, 

except that catalyst F was used. During this period, it was possible to continue the 

operation in a stable manner. The reaction results during this period are shown in 

20 Table 1. 

[0093] 

(Example 13) 

An operation in which the catalyst was intermittently removed every 1.5 days 

while carrying out the reaction, and regenerated, and the regenerated catalyst was 

25 fed to the reactor, was continued for 50 days in the same manner as in Example 1, 

except that catalyst G was used. During this period, it was possible to continue the 
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operation in a stable manner. The reaction results during this period are shown in 

Table 1. 

[0094] 

(Example 14) 

5 An operation was carried out in the same manner as in Example 2, except that 

the composition of the n-butene-containing gas was changed to 1-butene/2-butene/n-

butane/iso-butene/1,3-butadiene/other C4 hydrocarbons = 47/32/13/3/1/4 (volume 

ratio). The amount of the regenerated catalyst at this point was 3.82 kg/hr (i.e., 

137.5 kg/36 hr = 3.82 kg/hr). Since the amount of the monooiefin having 4 carbon 

10 atoms (in this case, the total amount of n-butene and iso-butene) in the raw material 

mixed gas fed to the reactor was 88.3 kg/hr (i.e., calculated from 7,093 NL/min x 

(0.08 (n-butene concentration) + 0.003 (iso-butene concentration) = 588.7 NL/min), 

the regeneration ratio was 4.3% (i.e., 3.82 (kg/hr)/88.3 (kg/hr) x 100 = 4.3%). 

[0095] 

15 This operation was continued for 50 days, during which time it was possible to 

continue the operation in a stable manner. The reaction results and the amount of 

organic matter adhered to the catalyst in the reactor during this period are shown in 

Table 1. 

[0096] 

20 (Example 15) 

Using catalyst B, the catalyst was continuously removed from the reactor to 

the regenerator, and regenerated. Specifically, from the start of reaction, the 

catalyst was continuously removed at 103.8 kg/hr from the reactor to the regenerator, 

and regenerated under the following conditions, and the regenerated catalyst was fed 

25 back into the reactor in the same ratio as the removed catalyst, so that the total 

amount of the catalyst in the reactor was constant. Apart from this, the operation 
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was carried out in the same manner as in Example 2. The regeneration ratio at this 

point was 122%. 

[0097] 

In the regeneration of the catalyst, the above-described catalyst was placed in 

5 a regenerator maintained at 520°C. Regeneration was carried out by feeding an 

O2/N2 mixed gas (O2/N2 = 8/92 (% by volume)) as the regeneration gas to the 

regenerator, and maintaining the regeneration pressure at 0.05 MPa/G (gauge 

pressure). The oxygen concentration at the regenerator outlet was maintained at 

1 % by volume or more. Organic matter adhered to the catalyst that had finished 

10 regeneration had been completely removed. 

[0098] 

This operation was carried out for 50 days. During this period, although the 

amount of organic matter adhered to the catalyst in the reactor was generally 

constant, an approximately 1% fluctuation in the n-butene conversion rate and the 

15 butadiene yield was observed. Although the exact reason for this phenomenon is 

unclear, it was thought to be due to the instability of the normal state in the reactor 

resulting from the large regeneration ratio and the frequent turnover of the catalyst in 

the reactor. The reaction results and the amount of organic matter adhered to the 

catalyst in the reactor during this period are shown in Table 1. 

20 [0099] 

(Example 16) 

Using catalyst B, the catalyst was continuously removed from the reactor to 

the regenerator, and regenerated. Specifically, from the start of reaction, the 

catalyst was continuously removed at 25.5 kg/hr from the reactor to the regenerator, 

25 and regenerated under the same conditions as in Example 15, and the regenerated 

catalyst was fed back into the reactor in the same ratio as the removed catalyst, so 
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that the total amount of the catalyst in the reactor was constant. Apart from this, the 

reaction was carried out in the same manner as in Example 2. The regeneration 

ratio at this point was 30%. Organic matter on the catalyst that had finished 

regeneration had been completely removed. This operation was carried out for 50 

5 days, during which time it was possible to continue the operation in a stable manner. 

The reaction results and the amount of organic matter adhered to the catalyst in the 

reactor during this period are shown in Table 1. 

[0100] 

(Comparative Example 1) 

10 The catalyst in an amount of 5% by mass (27.5 kg) based on the total amount 

of the catalyst in the reactor was intermittently removed every 7 days from the reactor, 

and regenerated, and the regenerated catalyst was fed to the reactor. The 

regeneration ratio at this point was 0.19%. Apart from this, the operation was 

carried out in the same manner as in Example 2. During this period, the amount of 

15 organic matter adhered to the catalyst in the reactor was not constant, and it 

gradually increased. Along with this, the butadiene yield also decreased, and the 

operation could not be stably continued. Consequently, the operation was stopped 

at day 42. The reaction results and the amount of organic matter adhered to the 

catalyst in the reactor during this period are shown in Table 1, and the trend in the 

20 amount of organic matter adhered to the catalyst in the reactor is illustrated in FIG. 1. 

[0101] 

(Comparative Example 2) 

The operation was carried out in the same manner as in Example 2, except 

that catalyst regeneration was not performed. The reaction was continued for 15 

25 days, during which the amount of organic matter adhered to the catalyst in the 

reactor was not constant, and it gradually increased. Along with this, the butadiene 



yield also decreased, and the operation could not be stably continued. 

Consequently, the reaction was stopped at day 15. The reaction results and the 

amount of organic matter adhered to the catalyst in the reactor during this period are 

shown in Table 1, and the trend in the amount of organic matter adhered to the 

5 catalyst in the reactor is illustrated in FIG. 1. The amount of organic matter adhered 

to the catalyst tended to increase at an accelerated rate, whereby it was learned that 

adherence of new organic matter is promoted as the amount of organic matter 

adhered to the catalyst becomes greater. 

[0102] 

10 As described above, based on a comparison between Examples 1 to 16 and 

Comparative Examples 1 and 2, it can be seen that the amount of organic matter that 

adheres to the catalyst can be generally suppressed at a roughly constant level if the 

ratio (regeneration ratio) of the amount (kg/hr) of the regenerated catalyst fed based 

on the amount (kg/hr) of the monooiefin having 4 carbon atoms fed is 0.3% or more. 

15 Consequently, it was found that butadiene could be stably produced at a high yield 

over a long period without having to stop the production process each time the 

catalyst is regenerated. 

[0103] 

Further, from a comparison between Example 1 and Examples 2 and 3, it was 

20 found that when catalysts B and C (Examples 2 and 3), which were produced from 

silica sols having a different average particle size, were used as the support raw 

material, the amount of organic matter that adhered to the catalyst was less and the 

butadiene yield was higher than when using catalyst A (Example 1), which was 

produced from a silica sol having an identical average particle size. Further, it was 

25 also found that catalysts B and C had excellent properties as a fluidized bed catalyst, 

exhibiting a smaller angle of repose than catalyst A (the angle of repose is an index 



for the fluidity of the catalyst, in which a smaller angle of repose indicates better 

fluidity), and a higher strength. 

[0104] 

[Table 1] 

Catalyst Regeneration 
ratio (%) 

25th Day of Reaction 
Catalyst Regeneration 

ratio (%) Conversion Rate (%) Yield (%) Organic Matter (wt.%) 

Example 1 A 4.5 90.2 72.2 2.5 

Example 2 B 4.5 90.5 79.5 1.4 

Example 3 C 4.5 90.2 78.9 1.5 

Example 4 B 0.34 91.0 77.0 3.0 

Example 5 B 13.5 90.0 79.8 0.6 

Example 6 B 4.6 90.3 79.5 1.4 

Example 7 B 96.6 90.5 80.2 0.2 

Example 8 B 0.71 91.0 77.0 2.4 

Example 9 B 6.0 97.4 81.6 0.8 

Example 10 D 4.5 90.3 75.5 2.4 

Example 11 E 4.5 90.0 69.5 3.5 

Example 12 F 4.5 90.2 70.2 3.0 

Example 13 G 4.5 90.3 70.0 3.2 

Example 14 B 4.3 90.1 77.0 1.4 

Example 15 B 122 
89 

(±1) 
78 

(±1) 
0.1 

Example 16 B 30.0 90.5 80.0 0.4 

Comparative 
Example 1 B 0.19 88.6 74.5 6.5 

Comparative 
Example 2 B None 

*** 
88.0 70.0*** 12.0*** 
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[Table 1]-continued 

50th Day of Reaction 

Conversion Rate (%) Yield (%) Organic Matter (wt.%) 

Example 1 90.5 72.4 2.5 

Example 2 91.0 79.5 1,4 

Example 3 90.6 78.7 1.5 

Example 4 90.6 77.1 3.0 

Example 5 90.4 79.7 0.6 

Example 6 90.2 79.4 1.5 

Example 7 90.2 80.3 0.1 

Example 8 90.6 76.8 2.6 

Example 9 97.5 81.5 0.8 

Example 10 90.2 75.6 2.5 

Example 11 90.1 69.4 3.5 

Example 12 90.2 70.3 3.2 

Example 13 90.0 70.1 3.3 

Example 14 90.5 77.1 15 

Example 15 
87 

(±1) 
76 

(±1) 
0.1 

Example 16 90.5 80.2 0.4 

Comparative 
Example 1 88.5** 68 0" 20,4** 

Comparative 
'Example 2 - - -

Regeneration ratio {%) = (amount [kg/hr] of regenerated catalyst fed to fluidized bed 

reactor)/(amount [kg/hr] of monooiefin having 4 carbon atoms in raw material mixed 

gas fed to fluidized bed reactor) x 100 

5 " Value at day 42 of reaction 

* Value at day 15 of reaction 

Industrial Applicab ty 

[0105] 

10 When producing butadiene by an oxidative dehydrogenation reaction by 

bringing a monooiefin having 4 carbon atoms into contact with a catalyst, butadiene 
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can be stably produced at a high yield over a long period by performing based on a 

predetermined process an operation for regenerating the catalyst by burning off and 

removing organic matter adhered to the catalyst while performing the reaction. 

Therefore, the present invention has industrial applicability in the field of producing 

5 butadiene by an oxidative dehydrogenation reaction by bringing a monooiefin having 

4 carbon atoms into contact with a catalyst. 
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CLAIMS 

[Claiml] 

A process for producing butadiene, comprising: 

a first step of producing butadiene by a vapor-phase catalytic oxidation 

reaction in the presence of a catalyst by feeding a monooiefin having 4 carbon 

atoms to a fluidized bed reactor; and 

a second step of removing a part of the catalyst from the fluidized bed 

reactor while the vapor-phase catalytic oxidation reaction is proceeding, 

regenerating the catalyst removed from the fluidized bed reactor while the vapor-

phase catalytic oxidation reaction is proceeding, and feeding the regenerated 

catalyst to the fluidized bed reactor while the vapor-phase catalytic oxidation 

reaction is proceeding, 

wherein a ratio of an amount (kg/hr) of the regenerated catalyst fed to 

an amount (kg/hr) of the monooiefin having 4 carbon atoms fed is 0.3% or 

more. 

[Claim2] 

The process for producing butadiene according to claim 1, wherein the ratio 

of the amount (kg/hr) of the regenerated catalyst fed to the amount (kg/hr) of the 

monooiefin having 4 carbon atoms fed is 0.3 to 100%. 

[Claim 3] 

The process for producing butadiene according to claim 1 or 2, wherein 

the catalyst comprises a metal oxide comprising at least Mo, Bi, and Fe. 

[Claim 4] 
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The process for producing butadiene according to any one of claims 1 to 3, 

wherein the catalyst comprises a metal oxide represented by the following empirical 

formula (I), 

Moi2BipFeqAaGbJcLdEeOx (I) 

5 wherein A represents one or more elements selected from the group consisting 

of nickel and cobalt, G represents one or more elements selected from the group 

consisting of alkali metal elements, J represents one or more elements selected from 

the group consisting of magnesium, calcium, strontium, barium, zinc, and 

manganese, L represents one or more elements selected from the group consisting 

10 of rare earth elements, E represents one or more elements selected from the group 

consisting of chromium, indium, and gallium, 0.1 < p < 5, 0.5 < q < 8, 0 < a < 10, 0.02 

<b<2, 0<c<5, 0<d<5, 0<e<5, and x denotes a number of atoms of oxygen 

required to satisfy a valence requirement of other elements that are present in the 

metal oxide. 

[Claim 5] 

The process for producing butadiene according to any one of claims 1 to 4, 

wherein the catalyst comprises a support, and the support comprises one or more 

selected from the group consisting of silica, alumina, titania, and zirconia. 

[Claim 6] 

The process for producing butadiene according to any one of claims 1 to 4, 

wherein the catalyst comprises a support, and the support is produced from two or 

more silica sols having a different silica average particle size from each other. 
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