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DESCRIPTION

TITLE OF INVENTION
CATALYST, METHOD FOR PRODUCING COMPOUND USING SAME, AND
COMPOUND

TECHNICAL FIELD
[0001]
The present invention relates to a catalyst, a method for producing a compound

using the same, and a compound.

BACKGROUND ART

[0002]

A method for using propylene, isobutylene, t-butyl alcohol or the like as a raw
material to produce a corresponding unsaturated aldehyde or unsaturated carboxylic acid, or a
catalytic gas phase oxidation for producing 1,3-butadiene from butenes are widely carried out
industrially.

In particular, regarding the method for using propylene, isobutylene, t-butyl alcohol
or the like as a raw material to produce a corresponding unsaturated aldehyde or unsaturated
carboxylic acid, many reports have been made for means for improving the yield and
improving the catalytic activity (for example, Patent Literature 1, etc.).

[0003]

Among them, Patent Literature 2 describes that a catalyst exhibiting a high yield
and a high selectivity can be obtained by controlling a ratio Ri = Pi/Ph of an intensity Pi of a
diffraction peak (i) of B-Bi2Mo020y appearing at 20 = 27.76° + 0.1° to an intensity Ph of a
diffraction peak (h) of CoM0O4 appearing at 26 = 26.5° = 0.1° in an X-ray diffraction pattern
of a catalytically active component using Cu-Ka rays, to be in a range of 0.4 or more and 2.0
or less.

Patent Literature 3 describes that catalyst performance such as catalytic activity and
selectivity can be improved by controlling crystallinity T in a range of 20 = 5° or more and
90° or less to be in a range of 4% or more and 18% or less, as measured by X-ray diffraction
analysis of a catalytically active component using Cu-Ka rays.

Further, Patent Literature 4 describes that, in an oxide catalyst in which a ratio Ri =
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Pa/Pc of an intensity Pa of a diffraction peak (a) of a BiioMo030O24 phase appearing at 20 =
27.4° + 0.2° to an intensity Pc of a diffraction peak (c) of a CoMoO4 phase appearing at a
position of 20 = 26.4° £ 0.2° is 0.2 < Ri < 1.0, a time-course increase in the activity in a

reaction is small, and an unsaturated aldehyde can be generated at a high yield.

[0004]

On the other hand, further improvement in yield and improvement in catalytic
activity are required for subjecting propylene, isobutylene, t-butyl alcohol or butene to a
partial oxidation reaction to produce the corresponding unsaturated aldehyde and/or
unsaturated carboxylic acid and required for producing a conjugated diene by oxidative
dehydrogenation of butenes. For example, the yield of a target product influences an amount
of propylene, isobutylene, t-butyl alcohol, or the like required for the production and greatly
influences the production cost. The catalytic activity influences a salt bath temperature
(reaction temperature) when the target product is produced, and when a catalyst having low
activity is used, the salt bath temperature must be increased in order to maintain the yield of
the target product. Then, the catalyst is subjected to thermal stress, and the selectivity and
the yield are reduced, and thus this may lead to a reduction in the life of the catalyst.

In particular, regarding the life of the catalyst, a relationship between the physical
properties of the catalyst or the time-course change of the physical properties and the life of
the catalyst has been unclear. When an unsaturated aldehyde, an unsaturated carboxylic acid,
or a conjugated diene is produced using a catalyst with a high yield and/or a high selectivity
kept, it has not been clear what kind of characteristics the catalyst should be used and what

index should be used for management.

CITATION LIST

PATENT LITERATURE
[0005]
Patent Literature 1: WO 2016/136882
Patent Literature 2: JP-A-2017-024009
Patent Literature 3: WO 2010/038677
Patent Literature 4: JP-A-2018-140326

SUMMARY OF INVENTION
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TECHNICAL PROBLEM

[0006]

The present invention proposes a catalyst which is used in a method for using
propylene, isobutylene, t-butyl alcohol, or the like as a raw material to produce a
corresponding unsaturated aldehyde or unsaturated carboxylic acid, or used in a catalytic gas
phase oxidation method for producing 1,3-butadiene from butenes, and which has high
catalytic activity and high selectivity of a target product. The use of the catalyst of the
present invention allows for performing long-term operation of the catalytic gas phase

oxidation method safely, stably, and at low cost.

SOLUTION TO PROBLEM

[0007]

The problem of deterioration in selectivity at the time of reaction often occurs
depending on a type of the catalyst in related art, and the reason is unknown. However, the
present invention has been achieved by extracting and evaluating the catalyst after the
reaction. That is, the present inventors have found for the first time that the characteristic
that a changing rate of a peak intensity at 20 = 25.3° £+ (.2° after the reaction is small leads to
prevention of the deterioration in selectivity.

[0008]

That is, the present invention relates to the following 1) to 11).

1) A catalyst, containing, as an essential component,

molybdenum;

bismuth; and cobalt, wherein

with respect to a peak intensity at 20 = 25.3° £+ 0.2° in an X-ray diffraction pattern
obtained by using CuKa rays as an X-ray source, a changing rate (Q1) per 1000 hours of
reaction time represented by the following formulae (1) to (4) is 16 or less.

QI ={(U1/F1-1)x100}/T x 1000 (1)

F1 = (peak intensity of catalyst before oxidation reaction at 26 = 25.3° £ 0.2°)/(peak
intensity of catalyst before oxidation reaction at 20 = 26.5° + 0.2°) x 100  (2)

Ul = (peak intensity of catalyst after oxidation reaction at 26 = 25.3° + 0.2°)/(peak
intensity of catalyst after oxidation reaction at 20 =26.5° + 0.2°) x 100  (3)

T = time (hr) during which oxidation reaction is carried out (4)
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2) The catalyst according to 1), wherein, with respect to a peak intensity at 20 = 25.3°
+ (0.2° in an X-ray diffraction pattern obtained by using CuKa rays as an X-ray source, a
changing amount (D1) per 1000 hours of reaction time represented by the following formula
(5) and the formulae (2) to (4) is 4.1 or less.

D1 =(Ul-F1)/T x 1000 (5)

3) The catalyst according to 1) or 2), wherein a composition of a catalytically active
component is represented by the following formula (A):

Mo.1BipiNiciCodiFee1 X Y1 Zn1Oi1 - (A)

(in the formula, Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel,
cobalt and iron, respectively; X is at least one element selected from tungsten, antimony, tin,
zinc, chromium, manganese, magnesium, silica, aluminum, cerium and titanium; Y is at least
one element selected from sodium, potassium, cesium, rubidium, and thallium; Z belongs to
the 1st to 16th groups in the periodic table and means at least one element selected from
elements other than the above Mo, Bi, Ni, Co, Fe, X, and Y; al, bl, c1, dl, el, {1, g1, hl, and
il represent the number of atoms of molybdenum, bismuth, nickel, cobalt, iron, X, Y, Z, and
oxygen, respectively; whenal =12,0<b1<7,0<c¢1<10,0<d1<10,0<cl +d1<20,0<
el <5,0<f1<2,0<gl1 <3,0<hl <5,and il is a value determined by an oxidation state of

each element).

4) The catalyst according to any one of 1) to 3), wherein a catalytically active

component is carried on an inert carrier in the catalyst.

5) The catalyst according to 4), wherein the inert carrier is silica, alumina, or a mixture
thereof.
6) The catalyst according to any one of 1) to 5), which is a catalyst for producing at

least one of an unsaturated aldehyde compound, an unsaturated carboxylic acid compound,

and a conjugated diene.

7) A method for producing at least one of an unsaturated aldehyde compound, an

unsaturated carboxylic acid compound, and a conjugated diene using the catalyst according to
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any one of 1) to 6).

8) The production method according to 7), wherein the unsaturated aldehyde
compound is acrolein, the unsaturated carboxylic acid compound is acrylic acid, and the

conjugated diene is 1,3-butadiene.

9) An unsaturated aldehyde compound, an unsaturated carboxylic acid compound, or a

conjugated diene produced using the catalyst according to any one of 1) to 6).

10) A method for producing at least one of an unsaturated aldehyde compound, an
unsaturated carboxylic acid compound, and a conjugated diene using a catalyst containing
molybdenum, bismuth, and cobalt as an essential component, wherein, with respect to a peak
intensity of the catalyst at 20 = 25.3° = 0.2° in an X-ray diffraction pattern obtained by using
CuKa rays as an X-ray source, a changing rate (Q4) per 1000 hours of reaction time
represented by the following formulae (14) to (17) is 16 or less.

Q4 = {(U4/F4 - 1) x 100}/T x 1000  (14)

U4 = (peak intensity of catalyst after oxidation reaction at 20 = 25.3° + 0.2°)/(peak
intensity of catalyst after oxidation reaction at 20 =26.5° + 0.2°) x 100  (15)

F4 = (peak intensity of catalyst before oxidation reaction at 20 = 25.3° £ 0.2°)/(peak
intensity of catalyst before oxidation reaction at 20 =26.5° + 0.2°) x 100  (16)

T = time (hr) during which oxidation reaction is carried out (17)

11) The method for producing at least one of an unsaturated aldehyde compound, an
unsaturated carboxylic acid compound, and a conjugated diene according to 10), wherein a
changing amount (D4) per 1000 hours of the reaction time represented by the following
formula (18) is 4.1 or less.

D4 = (U4 - F4)T x 1000  (18)

ADVANTAGEOUS EFFECTS OF INVENTION

[0009]

The catalyst of the present invention allows for maintaining a high selectivity in a
catalytic gas phase oxidation or a catalytic gas phase oxidation dehydrogenation, and is

effective in improving yield. In particular, the catalyst is useful in the case of using
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6
propylene, isobutylene, t-butyl alcohol, or the like as a raw material to produce a

corresponding unsaturated aldehyde or unsaturated carboxylic acid.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a diagram illustrating an X-ray diffraction pattern of a catalyst (catalyst
3-1) in Example 3.

FIG. 2 is a diagram illustrating an X-ray diffraction pattern of a catalyst (catalyst
3-2) in Example 3.

FIG. 3 is a diagram illustrating an X-ray diffraction pattern of a catalyst (catalyst
4-1) in Comparative Example 1.

FIG. 4 is a diagram illustrating an X-ray diffraction pattern of a catalyst (catalyst

4-2) in Comparative Example 1.

DESCRIPTION OF EMBODIMENTS

[0011]

Hereinafter, embodiments of the present invention will be described. In the
present specification, a catalytic gas phase oxidation and a catalytic gas phase oxidation
dehydrogenation may be collectively referred to simply as an oxidation reaction.

[0012]

[Changing Rate (Q1) of Peak Intensity at 20 = 25.3° 4+ 0.2° Per 1000 Hours of Reaction Time
in X-Ray Diffraction Pattern]

A catalyst of the present embodiment is characterized in a changing rate (Q1) per
1000 hours of reaction time expressed by the following formulae (1) to (4) with respect to a
peak intensity at 20 = 25.3° + 0.2° in the X-ray diffraction pattern obtained using CuKa rays
as an X-ray source.

Q1= {(U1/F1-1)x100}/T x 1000 (1)

F1 = (peak intensity of catalyst before oxidation reaction at 20 = 25.3° + 0.2°)/(peak
intensity of catalyst before oxidation reaction at 20 = 26.5° + 0.2°) x 100  (2)

Ul = (peak intensity of catalyst after oxidation reaction at 20 = 25.3° + 0.2°)/(peak
intensity of catalyst after oxidation reaction at 20 =26.5° + 0.2°) x 100  (3)

T = time (hr) during which oxidation reaction is carried out (4)

[0013]



10

15

20

25

30

7

The peak intensity (F1) and the peak intensity (U1) are determined by normalization
based on the peak intensity observed at 20 = 26.5° + 0.2°, but in the changing rate (Q1), Ul is
divided by F1, and thus the changing rate (Q1) is calculated substantially based on a value
determined by (peak intensity of catalyst after oxidation reaction at 26 = 25.3° + 0.2°) / (peak
intensity of catalyst before oxidation reaction at 20 = 25.3° + 0.2°).

[0014]

Here, the peak intensity will be described. The peak intensity at 26 = 25.3° £ (0.2°
means a local maximum value of a signal observed in a range of 20 = 25.3° &+ (0.2°, and the
nature of the peak intensity indicates a peak height of a crystal phase of a-CoMoQO4. The
peak intensity at 20 = 26.5° £+ 0.2° means a maximum value of a signal observed in a range of
20 = 26.5° £ 0.2°, and the nature of the peak intensity indicates a peak height of a crystal
phase of B-CoMoOs. That is, the present invention is based on the finding that when the
changing rate (Q1) of the peak intensity of the crystal phase of a-CoMoO4 observed at 20 =
25.3° £ 0.2° per 1000 hours of reaction time due to the oxidation reaction with respect to the
peak intensity of the crystal phase of f-CoMoOs observed at 20 = 26.5° + 0.2° is equal to or
less than a certain value, specifically, is 16 or less, the high selectivity is stably maintained.

[0015]

As will be described later, the crystal phase of a-CoMoO4 changes and the stability
thereof also changes depending on the composition and production method of the catalyst.
This can be confirmed particularly by focusing on the changing rate (Q1) of the peak intensity
at 20 = 25.3° £ 0.2° per 1000 hours of reaction time. The range of Q1 is 16 or less as
described above, and an upper limit of the range is more preferably 15, 10, 7.0, 5.0, 2.2, 2.0,
1.5, 1.2, 1.0, 0.70, and 0.50 in order, more preferably 0.0, still more preferably -5.0, and most
preferably -7.0. A lower limit of the range may not be set, but is preferably -100, -80, -60,
-40, and -20 in order, more preferably -15, still more preferably -10, and most preferably -8.0.
That is, a more preferred range of the changing rate (Q1) of the peak intensity per 1000 hours
of reaction time is set by the upper and lower limits described above, and is, for example, -40
or more and 15 or less, and most preferably -8.0 or more and -7.0 or less.

[0016]

Examples of a method of measuring an X-ray diffraction angle (20) of the catalyst
include measuring the X-ray diffraction angle (20) under conditions of X-ray CuKa rays (A =
0.154 nm), an output of 40 kV, 30 mA, a measurement range of 10° to 60°, and a

measurement speed of 10° per minute by using Ultima IV manufactured by Rigaku
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Corporation, but the method is not limited thereto as long as the method does not depart from
the measurement principle. In addition, for the peak intensity of the present embodiment,
the calculation is performed after the background and halo pattern have been eliminated as
described in Patent Literature 3 in the X-ray diffraction pattern before the calculation. In
addition, when each of the peaks does not have a clear local maximum value within the
corresponding range of 20, or does not have a peak shape, or when it is not determined that
the peak is a clear peak due to too much noise, the peak intensity is assumed to be 0 in the
present embodiment.

[0017]

[Changing Rate of Other Peaks in X-Ray Diffraction Pattern]

There are other X-ray diffraction peaks attributed to a-CoMoQO4. With respect to
the peak intensity of the catalyst observed in the range of 20 = 32.7° £ 0.2° in the X-ray
diffraction pattern obtained by using CuKa rays as an X-ray source, it is preferable that a
changing rate (Q2) per 1000 hours of the reaction time represented by the following formulae
(6) to (8) and the above formula (4) is 4.8 or less. U2 is divided by F2 in the changing rate
(Q2), and thus the changing rate (Q2) is calculated substantially based on a value obtained by
(peak intensity of catalyst after oxidation reaction at 20 = 32.7° + 0.2°) + (peak intensity of
catalyst before oxidation reaction at 20 = 32.7° + 0.2°).

Q2= {(U2/F2-1) x 100}/T x 1000  (6)

F2 = (peak intensity of catalyst before oxidation reaction at 20 = 32.7° + 0.2°)/(peak
intensity of catalyst before oxidation reaction at 20 = 26.5° + 0.2°) x 100  (7)

U2 = (peak intensity of catalyst after oxidation reaction at 20 = 32.7° + 0.2°)/(peak
intensity of catalyst after oxidation reaction at 20 =26.5° + 0.2°) x 100  (8)

[0018]

An upper limit of the changing rate (Q2) of the peak intensity observed in the range
of 20 = 32.7° £+ 0.2° per 1000 hours of the reaction time is preferably 4.0, 3.0, 2.7, 2.5, 2.0,
1.8, or 1.6 in order, more preferably 1.0, still more preferably 0.0, and most preferably -10.
A lower limit of the changing rate may not be set, but is preferably -100, -80, -60, and -40 in
order, more preferably -20, still more preferably -15, and most preferably -14. That is, a
more preferred range of the changing rate (Q2) of the peak intensity is set by the upper and
lower limits described above, and is, for example, -40 or more and 4.0 or less, and most
preferably -14 or more and -10 or less.

[0019]
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In addition to the X-ray diffraction peak attributed to a-CoMoOs, with respect to the
peak intensity of the catalyst observed in the range of 20 = 47.4° + 0.2° in the X-ray
diffraction pattern obtained by using CuKa ray as an X-ray source, it is preferable that a
changing rate (Q3) per 1000 hours of the reaction time represented by the following formulae
(9) to (11) and the above formula (4) is 8.7 or less. U3 is divided by F3 in a changing rate
(Q3), and thus the changing rate (Q3) is calculated substantially based on a value obtained by
(peak intensity of catalyst after oxidation reaction at 20 = 47.4° + 0.2°) + (peak intensity of
catalyst before oxidation reaction at 20 = 47.4° + 0.2°).

Q3 ={(U3/F3-1)x100}/T x 1000  (9)

F3 = (peak intensity of catalyst before oxidation reaction at 20 = 47.4° + 0.2°)/(peak
intensity of catalyst before oxidation reaction at 20 =26.5° + 0.2°) x 100  (10)

U3 = (peak intensity of catalyst after oxidation reaction at 26 = 47.4° + 0.2°)/(peak
intensity of catalyst after oxidation reaction at 20 =26.5° + 0.2°) x 100  (11)

[0020]

An upper limit of the changing rate (Q3) of the peak intensity observed in the range
of 20 = 47.4° £+ 0.2° per 1000 hours of the reaction time is preferably 8.0, 3.0, 2.2, 2.0, 1.7, or
1.5 in order, more preferably 1.0, still more preferably 0.5, and most preferably 0.3. A lower
limit of the changing rate may not be set, but is preferably -100, -80, -60, -40, -20, or -10 in
order, more preferably -5.0, still more preferably -1.0, and most preferably 0.0. That is, a
more preferred range of the changing rate (Q3) of the peak intensity is set by the upper and
lower limits described above, and is, for example, -40 or more and 8.0 or less, and most
preferably 0.0 or more and 0.3 or less.

[0021]

[Changing Amount (D1) of Peak Intensity at 20 = 25.3° + 0.2° Per 1000 Hours of Reaction
Time in X-ray Diffraction Pattern]

In the catalyst of the present embodiment, with respect to a peak intensity at 20 =
25.3° + 0.2° in the X-ray diffraction pattern obtained by using CuKa rays as an X-ray source,
a changing amount (D1) per 1000 hours of reaction time represented by the following formula
(5) and the above formulae (2) to (4) is 4.1 or less.

D1 =(Ul-F1)/Tx 1000 (5)

[0022]

It has been found that when the changing amount (D1) of the peak intensity at 20 =

25.3° £ 0.2° per 1000 hours of reaction time of the oxidation reaction with respect to the peak
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intensity at 20 = 26.5° £+ 0.2° is equal to or less than a certain value, specifically, is as small as
4.1 or less, the high selectivity is stably maintained.

As will be described later, the crystal phase of a-CoMoOs changes and the stability
thereof also changes depending on the composition and production method of the catalyst.
This can be confirmed particularly by focusing on the changing amount (D1) of the peak
intensity at 20 = 25.3° £ 0.2° per 1000 hours of reaction time. The range of D1 is preferably
4.1 or less as described above, and an upper limit of the range is more preferably 3.0, 2.0, 1.9,
1.5, 1.0, 0.50, 0.30, 0.20, or 0.10 in order, still more preferably 0.0, yet still more preferably
-1.0, and most preferably -1.3. A lower limit of the range may not be set, but is preferably
-17, -15, or -10 in order, more preferably -5.0, still more preferably -2.0, and most preferably
-1.5. That is, a more preferred range of the changing amount (D1) of the peak intensity per
1000 hours of the reaction time is set by the upper and lower limits described above, and is,
for example, -10 or more and 3.0 or less, or the like, and most preferably -1.5 or more and
-1.3 or less.

[0023]

[Changing Amount of Other Peaks in X-ray Diffraction Pattern]

There are other X-ray diffraction peaks attributed to a-CoMoQO4. With respect to
the peak intensity of the catalyst observed in the range of 20 = 32.7° + 0.2° in the X-ray
diffraction pattern obtained by using CuKa rays as an X-ray source, it is preferable that the
changing amount (D2) of the peak intensity per 1000 hours of the reaction time represented
by the following formula (12) and the above formulae (4), (7), and (8) is 0.80 or less.

D2 =(U2-F2)/T x 1000  (12)

[0024]

An upper limit of the changing amount (D2) of the peak intensity observed in the
range of 20 = 32.7° + 0.2° per 1000 hours of the reaction time is preferably 0.50, 0.30, or 0.20
in order, more preferably 0.10, still more preferably 0.0, and most preferably -1.0. A lower
limit of the changing amount may not be set, but is preferably -8.7, -8.0, or -5.0 in order, more
preferably -3.0, still more preferably -2.0, and most preferably -1.2. That is, a more
preferred range of the changing amount (D2) of the peak intensity is set by the upper and
lower limits described above, and is, for example, -5.0 or more and 0.50 or less, or the like,
and most preferably -1.2 or more and -1.0 or less.

[0025]

In addition to the X-ray diffraction peak attributed to a-CoMoQs, with respect to the
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peak intensity of the catalyst observed in the range of 20 = 47.4° + 0.2° in the X-ray
diffraction pattern obtained by using CuKa rays as an X-ray source, it is preferable that a
changing amount (D3) per 1000 hours of the reaction time represented by the following
formula (13) and the above formulae (4), (10), and (11) is 1.2 or less.
D3 =(U3-F3)/T x 1000 (13)

[0026]

An upper limit of the changing amount (D3) of the peak intensity observed in the
range of 20 = 47.4° £+ 0.2° per 1000 hours of the reaction time is preferably 1.0, 0.50, 0.30, or
0.20 in order, more preferably 0.10, still more preferably 0.050, and most preferably 0.030.
A lower limit of the changing amount may not be set, but is preferably -9.6, -9.0, -7.0, -5.0,
-3.0, -2.0 in order, more preferably -1.0, still more preferably 0.0, and most preferably 0.010.
That is, a more preferred range of the changing amount (D3) of the peak intensity is set by the
upper and lower limits described above, and is, for example, -2.0 or more and 1.0 or less, or
the like, and most preferably 0.010 or more and 0.050 or less.

[0027]

[Time T (hr) for which Oxidation Reaction is Carried Out]

The oxidation reaction time T (hr) in the present embodiment is determined with a
specific time of 300 hours or more and 30000 hours or less, preferably 800 hours or more and
3000 hours or less, more preferably 1000 hours or more and 1500 hours or less, and most
preferably 1300 hours.

However, for the characteristics of the catalyst of the present embodiment, Q1 is
particularly preferably 16 or less at any time within the above range of 300 hours or more and
30000 hours or less. It should be noted that when substituting into the above calculation
formula, it is preferable to perform the calculation with two significant digits.

[0028]

The catalyst of the present embodiment preferably has a peak at 20 =27.4° + 0.2° in
addition to the above peak in the X-ray diffraction pattern obtained by using CuKa rays as an
X-ray source. When the peak intensity is within a specific range, the catalyst is more
preferable. When the peak intensity is defined as S3 shown below, the lower limit of S3 is
11.0, 11.5, or 12.0 in preferred order, and most preferably 12.2, and the upper limit of S3 is
14.0, 13.0, or 12.5 in preferred order, and most preferably 12.4. That is, a preferred range of
S3 is 11.0 or more and 14.0 or less, and most preferred range of S3 is 12.2 or more and 12.4

or less.
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S3 = (peak intensity at 20 = 27.4° + 0.2°) / (peak intensity at 20 = 26.5° + 0.2°) x 100

[0029]

In the present embodiment, the effect of the catalyst can be clarified by evaluating
and comparing the catalyst before the oxidation reaction and the catalyst after the oxidation
reaction under the same evaluation conditions. The evaluation conditions may be any
conditions, but the evaluation is preferably performed under a condition in which a propylene
space velocity is as large as 300 hr! or more because it is easy to find a difference between
before and after the oxidation reaction.

When the evaluation is performed under the condition of the propylene space
velocity of 300 hr'! or more, it is preferable to use a reactor having a small scale because the
evaluation can be easily performed. In changing the reactor, when the catalyst is extracted
from the reaction tube in order to obtain the catalyst after the oxidation reaction, the reaction
tube may be equally divided into three or more sections in the longitudinal direction, and the
catalyst may be sampled in equal amounts from the respective positions and mixed, and then
the evaluation may be carried out.

[0030]

[Composition of Catalytically Active Component]

A catalytically active component contained in the catalyst of the present
embodiment preferably has a composition represented by the following formula (A).

Moa1BibiNic1CodiFee1 X1 Y g1 Zn1Oi1...(A)

(in the formula, Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel,
cobalt and iron, respectively; X is at least one element selected from tungsten, antimony, tin,
zinc, chromium, manganese, magnesium, silicon, aluminum, cerium and titanium; Y is at least
one element selected from sodium, potassium, cesium, rubidium, and thallium; Z belongs to
the 1st to 16th groups in the periodic table and means at least one element selected from
elements other than the above Mo, Bi1, Ni, Co, Fe, X, and Y; al, bl, cl, d1, el, f1, g1, hl, and
il represent the number of atoms of molybdenum, bismuth, nickel, cobalt, iron, X, Y, Z, and
oxygen, respectively; whenal =12,0<b1 <7,0<c1<10,0<d1<10,0<cl +d1<20,0<
el <5,0<g1<2,0<f1<3,0<hl <5, and1l is a value determined by an oxidation state of
each element).

[0031]

In the formula (1), the preferred ranges of bl to il are as follows.

The lower limit of bl is 0.2, 0.5, 0.7, or 0.8 in preferred order, and most preferably
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0.9, and the upper limit of bl is 5, 3, 2, 1.6, 1.4, or 1.2 in preferred order, and most preferably
1.1. That is, the most preferred range of bl is 0.9 <bl < 1.1.

The lower limit of cl is 1, 2, 2.5, 2.8, or 3.0 in preferred order, and most preferably
3.1, and the upper limit of ¢l is 5, 4, 3.8, 3.6, or 3.4 in preferred order, and most preferably
3.2. That is, the most preferred range of ¢l is 3.1 <cl1 <3.2.

The lower limit of dl is 3, 4, 5, 5.3, 5.5, or 5.7 in preferred order, and most
preferably 5.8, and the upper limit of d1 is 8, 7, 6.5, 6.3, or 6.1 in preferred order, and most
preferably 6.0. That is, the most preferred range of d1 is 5.8 <d1 <6.0.

The lower limit of el is 0.5, 1, 1.2, or 1.4 in preferred order, and most preferably 1.5,
and the upper limit of el is 4, 3, 2.5, 2, or 1.8 in preferred order, and most preferably 1.7.
That is, the most preferred range of el is 1.5 <el < 1.7.

The upper limit of f1 is 8, 7, 6, or 5 in preferred order. That is, the most preferred
range of f1 is 0 <f1 <5.

The lower limit of gl is 0, 0.02, 0.04, or 0.06 in preferred order, and most
preferably 0.07, and the upper limit of gl is 1.5, 1, 0.5, 0.2, or 0.15 in preferred order, and
most preferably 0.10. That is, the most preferred range of gl is 0.07 < g1 <0.10.

The upper limit of hl is 8, 7, 6, or 5 in preferred order. That is, the most preferred
range of h1 is 0 <hl <5.

It is preferable that two or less types of Y are contained, and one type is particularly
preferred. In addition, it is particularly preferable that f1 and hl are 0.

[0032]

[Carrying]

The catalyst in which a preliminary calcined powder subjected to preliminary
calcination after the preparation of the catalytically active component is carried on the inert
carrier is particularly excellent as the catalyst of the first aspect.

As the material of the inert carrier, known materials such as alumina, silica, titania,
zirconia, niobia, silica alumina, silicon carbide, carbides, and mixtures thereof can be used.
Further, the particle size, water absorption rate, mechanical strength, crystallinity of each
crystal phase, mixing ratio, etc. are not limited, and an appropriate range of these should be
selected in consideration of the final catalyst performance, molding properties, production
efficiency, etc. The mixing ratio of the carrier and the preliminarily calcined powder is
calculated as the active mass ratio according to the following equation based on the charged

mass of each raw material.
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Active mass ratio (mass%) = (mass of preliminary calcined powder used for
molding)/{(mass of preliminary calcined powder used for molding) + (mass of carrier used
for molding)} x 100

The upper limit of the active mass ratio is preferably 80 mass%, and more
preferably 60 mass%.

The lower limit is preferably 20 mass%, and more preferably 30 mass%. That is, the
most preferred range of the active mass ratio is 30 mass% or more and 60 mass% or less.

As the inert carrier, silica and/or alumina is preferable, and a mixture of silica and
alumina is particularly preferable.

For the carrying, it is preferred to use a binder. Specific examples of the binder
which can be used include water, ethanol, methanol, propanol, a polyhydric alcohol, polyvinyl
alcohol as a polymer-based binder, and a silica sol aqueous solution as an inorganic binder;
ethanol, methanol, propanol, and a polyhydric alcohol are preferred; a diol such as ethylene
glycol and a triol such as glycerin is preferred; and an aqueous solution having a
concentration of glycerin of 5 mass% or more is preferred. Using an appropriate amount of
a glycerin aqueous solution allows for obtaining a high-performance catalyst having good
molding properties and high mechanical strength. The amount of these binders used is
usually 2 to 60 parts by mass with respect to 100 parts by mass of the preliminarily calcined
powder. The amount of glycerin aqueous solution is preferably 10 to 30 parts by mass.
The binder and the preliminarily calcined powder may be alternately or simultaneously
supplied to a molding machine on the occasion of carrying.

[0033]

For the means for controlling the values of Q1, Q2, Q3, D1, D2, D3 and/or S3, the
control can be performed by changing each condition in each production process described
later, and examples thereof include (I) a method of changing a catalyst composition, (II) a
method of changing a calcination condition, (III) a method of changing a temperature
decrease condition after calcination, (IV) a method of controlling a catalyst and a precursor
thereof such that the catalyst and the precursor are not subjected to mechanical strength in all
the steps of the production of the catalyst, (V) a method of using a raw material having high
purity, other methods (VI) to (XI), and a method of combining (I) to (XI). The details of the
other methods (V) to (XI) will be described later.

[0034]

The method (I) is a method of adjusting d1/(bl + cl + el) in the composition
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formula (A) to a specific range, and the upper limit of the range is 1.25, preferably 1.20, and
more preferably 1.10, and the lower limit of the range is 0.10, 0.30, 0.50, 0.70, 0.80, 0.90, and
1.00 in preferred order. That is, the most preferred range is 1.00 or more and 1.10 or less.

The upper limit of el/bl is 1.90, and preferably 1.80; the lower limit of el/bl is
0.10, 0.50, 1.00, 1.40, or 1.50 in preferred order; the upper limit of d1/b1 is 9.0, 8.0, 7.0, or
6.0 in preferred order; the lower limit of d1/bl is 2.0, 3.0, 4.0, 5.0, or 5.5 in preferred order;
the upper limit of cl/el is 4.0, 3.0, or 2.5 in preferred order; the lower limit of cl/el is 1.5, 1.7,
or 1.9 in preferred order; the upper limit of cl/d1 is 2.0, 1.0, or 0.8 in preferred order; the
lower limit of c1/d1 is 0.4 or 0.5 in preferred order; the upper limit of gl/d1 is 0.20, 0.19, 0.18,
0.17, 0.16, 0.15, 0.14, or 0.10 in preferred order; the lower limit of gl/d1 is 0.01, 0.02, 0.03,
0.04, or 0.05 in preferred order; the upper limit of gl/cl is 0.041, 0.039, 0.037, 0.035, 0.033,
0.031, 0.029, 0.025, or 0.023 in preferred order; and the lower limit of gl/c1 is 0.017, 0.019
or 0.021 in preferred order. Furthermore, in the composition formula (A), the lower limit of
cl +dl +elis7.0,7.5, 8.0, 8.5, 9.0, or 9.5 in preferred order, the upper limit of cl +d1 + el
s 13.0, 12.5, 12.0, 11.5, 11.0, or 10.5 in preferred order, the lower limit of bl + ¢l +dI + el
is 8.0, 8.5, 9.0, 9.5, 10.0, 10.5, or 11.0 in preferred order, and the upper limit of bl + ¢l +d1 +
el is 14.0, 13.5, 13.0, 12.5, 12.0, or 11.5 in preferred order.

[0035]

Regarding the method (II), a temperature in preliminary calcination and main
calcination as described later and in both of them is 200°C or more and 600°C or less,
preferably 300°C or more and 550°C or less, and more preferably 460°C or more and 550°C
or less, and a time in preliminary calcination and main calcination as described later and in
both of them is 0.5 hours or more, preferably 1 hour or more and 40 hours or less, more
preferably 2 hours or more and 15 hours or less, and most preferably 2 hours or more and 9
hours or less. An atmosphere in preliminary calcination and main calcination as described
later and in both of them has 0 vol% or more and 40 vol% or less of the oxygen concentration,
preferably 5 vol% or more and 30 vol% or less, more preferably 10% to 25%, and most
preferably the atmosphere is an air atmosphere.

[0036]

Regarding the method (III), in the preliminary calcination and the main calcination
as described later and in both of them, a rate of decrease (rate of temperature decrease) of the
temperature of a catalyst surface from the maximum temperature (preliminary calcination

temperature or main calcination temperature) reached in the calcination step to the room
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temperature is 1°C/min or more and 200°C/min or less, preferably 5°C/min or more and
150°C/min or less, more preferably 10°C/min or more and 120°C/min or less, and most
preferably 50°C/min or more and 100°C/min or less. A temperature decrease method
industrially taken in general for achieving the range of the rate of temperature decrease
described above, for example, a method of exposing a calcined catalyst taken out from a
calcination furnace to an inert atmosphere or a mist of an inert solvent, and a method of
rapidly moving a calcined catalyst into a room sufficiently cooled in advance are all included
in the present embodiment.

[0037]

The method (IV) is a method of controlling a catalyst precursor to be described later
and/or granules formed in each step such that the catalyst precursor and/or granules are not
subjected to a mechanical impact, a shear stress, and the like, and the preferred range of the
mechanical impact, shear stress, and the like is controlled to 100 kgf or less, preferably 50 kgf
or less, more preferably 20 kgf or less, still more preferably 10 kgf or less, and most
preferably 5 kgf or less.

[0038]

The method (V) is not limited as long as the method (V) is a method using a high
purity raw material at the level of reagent, and for example, the content of sulfur and a
compound thereof, lithium, halogen and a compound thereof, and lead in the raw material is
10000 ppm by mass or less, preferably 1000 ppm by mass or less, more preferably 100 ppm
by mass, and most preferably 10 ppm by mass or less.

[0039]

The method (VI), as described later, is, for example, a method in which a catalyst
precursor is once obtained as granules and the granules are molded. Obtaining the catalyst
precursor in the form of granules allows for producing the catalyst such that each component
of the catalyst can be more uniform.

[0040]

The method (VII) is a method of controlling a time during which a cobalt raw
material and a nickel raw material are mixed, reacted, slurried, and retained in a mixing pot to
be as short as possible in the step of preparing the catalyst to be described later, and more
specifically, is a method of shortening the retention time in a state in which a metal salt raw
material excluding molybdenum and alkali metal is not in the mixing pot and the cobalt raw

material and the nickel raw material are present in the mixing pot, or a method of shortening
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the retention time in a state in which the cobalt raw material and the nickel raw material are
present in the mixing pot when a pH in the mixing pot falls within a specific range. The
retention time is preferably 24 hours, more preferably 1 hour, still more preferably 30 minutes,
and most preferably 10 minutes. The range of pH is 1 or more and 14 or less, preferably 2 or
more and 10 or less, more preferably 2 or more and 8 or less, and most preferably 3 or more
and 7 or less. The same applies to an iron raw material and a bismuth raw material, a
molybdenum raw material, and a bismuth raw material.

[0041]

The method (VIII) is a method in which, in the step of preparing a catalyst to be
described later, the raw materials are charged in two or more times in a divided manner
instead of charging a necessary amount of each raw material at a time. After the divided raw
material is charged once, a certain interval is preferably set until the raw material is charged
next. The time of the interval is preferably 5 seconds or more and 1 hour or less, more
preferably 30 seconds or more and 45 minutes or less, still more preferably 1 minute or less
and 30 minutes or less, and most preferably 3 minutes or more and 15 minutes or less. The
number of divisions of one raw material is preferably 2 or more, more preferably 3 or more,
still more preferably 4 or more, and most preferably 5 or more. Some raw materials can be
divided in a series of preparation steps, each raw material may be divided individually, the
raw materials may be mixed as described below and then divided collectively, or the raw
materials divided individually may be alternately charged.

[0042]

Regarding the method (IX), when the aqueous solutions of the respective raw
materials are mixed and stirred to prepare a suspended slurry in the step of preparing a
catalyst to be described later, an adding time of the two or more aqueous solutions used for
the mixing is preferably 1 second or more and 30 minutes or less, more preferably 10 seconds
or more and 20 minutes or less, still more preferably 30 seconds or more and 5 minutes or less,
and most preferably 1 minute or more and 5 minutes or less.

[0043]

Regarding the method (X), in the step of preparing a catalyst to be described later, a
transfer time from preparing the suspended slurry in a final state to moving to the drying step
as a next step is preferably 10 seconds or more and 1 hour or less, more preferably 30 seconds
or more and 10 minutes or less, and most preferably 1 minute or more and 5 minutes or less.

[0044]
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The method (XI) is a method for adding an organic substance before or after each
raw material is added, in the step of preparing a catalyst to be described later, and the lower
limit of the amount of the organic substance to be added to the molybdenum raw material is
preferably 0.001 mol% or more, more preferably 0.01 mol% or more, still more preferably 0.1
mol% or more, and most preferably 1 mol% or more, and the upper limit of the amount of the
organic substance to be added to the molybdenum raw material is preferably 100 mol% or less,
more preferably 90 mol% or less, still more preferably 80 mol% or less, and most preferably
60 mol% or less. Carboxylic acids and alcohols are preferable as the organic substance to be
added. Examples of the organic substance include acetic acid, propionic acid, lactic acid,
citric acid, stearic acid, oleic acid, ethylenediamine tetraacetic acid, methanol, ethanol,
propanol, ethylene glycol, and glycerin.

[0045]

As described above, the nature of the present invention is that the changing rate of
the peak intensity of the crystal phase of a-CoMoQO4 per 1000 hours of the reaction time of the
oxidation reaction is equal to or less than a certain value. In addition to consider the catalyst
composition as described above, devising the production conditions of the unsaturated
aldehyde compound, the unsaturated carboxylic acid compound, or the conjugated diene
compound is also useful for maintaining the reaction process stably. That is, the production
conditions may be controlled so that the changing rate of the peak intensity of the crystal
phase of a-CoMoO4 per 1000 hours of the reaction time of the oxidation reaction is a certain
value or less. Specifically, examples thereof include (XII) a method of controlling a hot spot
temperature of a catalyst layer, (XIII) a method of controlling an oxygen concentration at the
outlet of a reaction tube, (XIV) a method of controlling a steam concentration at the inlet of a
reaction tube, (XV) a method of controlling a rate of temperature decrease when any
process for temperature decrease is performed during the reaction, (XVI) a method of
preventing a mechanical impact on the catalyst, and a method of combining the methods (XII)
to (XVI).

[0046]

The method (XII) is a method of controlling the hot spot temperature of the catalyst
layer at 427°C or lower for producing an unsaturated aldehyde compound, an unsaturated
carboxylic acid compound, and/or a conjugated diene, and the upper limit of the hot spot
temperature is preferably 420°C or lower, 410°C or lower, 400°C or lower, 390°C or lower, or

380°C or lower. That is, the hot spot temperature is most preferably 380°C or lower. The
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time for controlling the hot spot temperature is 500 hours or less, preferably 300 hours or less,
more preferably 200 hours or less, still more preferably 100 hours or less, and most preferably
50 hours or less.

[0047]

The method (XIII) is a method of controlling the oxygen concentration at the outlet
of the reaction tube for producing an unsaturated aldehyde compound, an unsaturated
carboxylic acid compound, and/or a conjugated diene to 4.0 vol% or more. The lower limit
of the oxygen concentration is preferably 4.3 vol% or more, more preferably 4.5 vol% or
more, and most preferably 4.7 vol% or more.

[0048]

The method (XIV) is a method of controlling the steam concentration at the inlet of
the reaction tube for producing an unsaturated aldehyde compound, an unsaturated carboxylic
acid compound, and/or a conjugated diene to 30 vol% or less. The upper limit of the steam
concentration is 25 vol% or less, 20 vol% or less, 15 vol% or less, 10 vol% or less, and 9
vol% or less in preferred order. That is, the steam concentration is most preferably 9 vol%
or less.

[0049]

Regarding the method (XV), a rate of decrease (rate of temperature decrease) of the
temperature of the catalyst itself from a salt bath temperature to 100°C or less is 1°C/min or
more and 200°C/min or less, preferably 5°C/min or more and 150°C/min or less, more
preferably 10°C/min or more and 120°C/min or less, and most preferably 50°C/min or more
and 100°C/min or less. In order to achieve the above-described range of the rate of
temperature decrease, all methods industrially typically taken for the temperature decrease
fall within the present embodiment.

[0050]

The method (XVI) is a method of controlling the catalyst such that the catalyst is
not subjected to a mechanical impact, a shear stress, and the like in any step from the filling of
the catalyst to the reaction, and the preferred range of the mechanical impact, the shear stress,
and the like is controlled to 100 kgf or less, preferably 50 kgf or less, more preferably 20 kgf
or less, still more preferably 10 kgf or less, and most preferably 5 kgf or less.

[0051]

[Method for Producing Catalyst]

A starting raw material for each element constituting the catalyst of the present
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embodiment and the preliminary calcined powder thereof is not limited. For example, as a
raw material of a molybdenum component, molybdenum oxides such as molybdenum trioxide,
molybdic acid or salts thereof such as molybdate, ammonium paramolybdate and ammonium
metamolybdate, and heteropolyacids containing molybdenum or salts thereof such as
phosphomolybdic acid and silicate molybdic acid, can be used.

[0052]

As a raw material of a bismuth component, bismuth salts such as bismuth nitrate,
bismuth carbonate, bismuth sulfate, and bismuth acetate, bismuth trioxide, metal bismuth and
the like can be used. These raw materials can be used as solids or as an aqueous solution, a
nitric acid solution, or a slurry of bismuth compounds generated from those aqueous solutions,
and the nitrate, a solution thereof, or a slurry obtained from the solution is preferably used.

[0053]

As a starting raw material for other constituent elements, ammonium salt, nitrate,
nitrite, carbonate, subcarbonate, acetate, chloride, inorganic acid, inorganic acid salt,
heteropolyacid, heteropolyacid salt, sulfate, hydroxide, organic acid salt, and oxide of metallic
elements commonly used in this type of catalyst may be used, or a mixture thereof may be
used in combination. Ammonium salts and nitrates are preferably used.

[0054]

A compound containing these active components may be used alone or in
combination of two or more. A slurry liquid can be obtained by uniformly mixing each
compound containing an active component and water. The amount of water to be used in the
slurry liquid is not limited as long as the total amount of the compound to be used can be
completely dissolved or uniformly mixed. The amount of water to be used may be
appropriately determined in consideration of the drying method and the drying conditions.
Usually, the amount of water to be used is 100 parts by mass or more and 2000 parts by mass
or less with respect to 100 parts by mass of the total mass of the compound for preparing a
slurry. The amount of water may be large, but too large amount of water causes many
disadvantages such as an increase in the energy cost of the drying step and a possible failure
to completely dry.

[0055]

The slurry liquid of the source compound of the above each component element is
preferably prepared by (a) a method of mixing each of the above source compounds at once,

(b) a method of mixing the above source compounds at once and then performing aging, (c) a
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method of mixing the above source compounds stepwise, (d) a method of repeating mixing
step and aging step stepwise, and (e) a method combining (a) to (d). Here, the above aging
means "an operation in which industrial raw materials or semi-finished products are processed
under specific conditions such as a certain period of time and a certain temperature to conduct
acquisition or improvement of the required physical properties and chemical properties, or
proceeding of a predetermined reaction". In the present embodiment, the above certain
period of time means a range of 5 minutes or longer and 24 hours or shorter, and the above
certain temperature means a range from room temperature to a point equal to or lower than a
boiling point of an aqueous solution or an aqueous dispersion liquid. Among these, in terms
of the activity and yield of the finally obtained catalyst, preferred is the (¢) method of mixing
the above source compounds stepwise, more preferred is a method in which each raw material
to be mixed with a mother liquid stepwise is completely dissolved to be a solution, and most
preferred is a method of mixing various mixed solutions of alkali metal solution and nitrate
with a mother liquid in which the raw material of the molybdenum is a mixed solution or
slurry. However, it is not always necessary to mix all the elements constituting the catalyst
in this step, and some elements or some amounts thereof may be added in the subsequent
steps.

[0056]

In the present embodiment, the shape of the stirring blade of the stirrer used in
mixing the essential active components is not limited. ~Any stirring blade such as a propeller
blade, a turbine blade, a paddle blade, an inclined paddle blade, a screw blade, an anchor
blade, a ribbon blade, a large lattice blade can be used in one stage or in two or more stages of
which blades are the same or different types in the vertical direction. In addition, a baftle
(obstruction plate) may be installed in the reaction tank if necessary.

[0057]

Then, the slurry liquid thus-obtained is dried. The drying method is not limited so
long as the slurry liquid can be completely dried by the method, but examples thereof include
drum drying, freeze drying, spray drying and evaporation drying. Among these, spray
drying, which allows the slurry liquid to be dried into a powder or granule within a short
period of time, is particularly preferred in the present embodiment. The temperature of the
drying with spray drying varies depending on the concentration of the slurry liquid, the liquid
sending speed, or the like. Typically, the temperature at the outlet of a drying machine is

70°C or higher and 150°C or lower.
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[0058]

Subjecting the catalyst precursor obtained as described above to preliminary
calcination, molding, and then main calcination allows for controlling and holding the
obtained shape, and obtaining a catalyst having particularly excellent mechanical strength for
industrial use, and the catalyst can exhibit stable catalyst performance.

[0059]

As for the molding, either a carrying shaping in which the preliminarily calcined
powder is carried on a carrier such as silica or a non-carrying shaping in which no carrier is
used can be adopted.  Specific examples of the molding method include tablet molding,
press molding, extrusion molding and granulation molding. As the shape of the molded
product, for example, a columnar shape, a ring shape, a spherical shape or the like can be
appropriately selected in consideration of operating conditions. Preferred is a carried
catalyst in which a catalytically active component is carried on a spherical carrier, particularly
an inert carrier such as silica or alumina and in which the average particle size is 3.0 mm or
more and 10.0 mm or less, and preferably 3.0 mm or more and 8.0 mm or less. As for the
carrying method, a tumbling granulation method, a method using a centrifugal flow coating
apparatus, a wash coating method, and the like are widely known. The method is not limited
as long as the preliminarily calcined powder can be uniformly carried on the carrier, but the
tumbling granulation method is preferred in consideration of the production efficiency of the
catalyst and the like. Specifically, the tumbling granulation method is a method in which
using a device that has a flat or uneven disk at the bottom of a fixed cylindrical container, a
carrier charged into the container is vigorously agitated by means of a repeat of rotation
motion and revolution motion of the carrier itself by rotating the disk at a high speed, and then
the preliminarily calcined powder is added into the container to carry the powder component
on the carrier.

On the occasion of carrying, it is preferred to use a binder. Specific examples of
the binder which can be used include water, ethanol, methanol, propanol, a polyhydric alcohol,
polyvinyl alcohol as a polymer-based binder and a silica sol aqueous solution as an inorganic
binder; ethanol, methanol, propanol, and a polyhydric alcohol are preferred; a diol such as
ethylene glycol and a triol such as glycerin is more preferred; and an aqueous solution of
glycerin having a concentration of 5 mass% or more is still more preferred. Using an
appropriate amount of the glycerin aqueous solution allows for obtaining a high-performance

catalyst having good molding properties and high mechanical strength. The amount of these
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binders to be used is usually 2 to 60 parts by mass with respect to 100 parts by mass of the
preliminarily calcined powder, and the amount of the glycerin aqueous solution is preferably
15 to 50 parts by mass. The binder and the preliminarily calcined powder may be alternately
supplied to a molding machine or simultaneously supplied to the molding machine on the
occasion of the carrying. Further, on the occasion of molding, a small amount of known
additives such as graphite and talc may be added. None of a molding aid, a pore-forming
agent and a carrier added in the molding is considered as the constituent element of the active
component in the present embodiment, regardless of whether the molding aid, the
pore-forming agent and the carrier have the activity in the sense of converting the raw
material into some other product.

[0060]

The preliminary calcination method, the preliminary calcination conditions, the
main calcination method, and the main calcination conditions are not limited, but known
treatment methods and conditions can be applied. The preliminary calcination or the main
calcination is usually carried out at 200°C or higher and 600°C or lower, and preferably
300°C or higher and 550°C or lower, for 0.5 hours or longer, and preferably 1 hour or longer
and 40 hours or shorter under the conditions that an oxygen-containing gas such as air or an
inert gas flow. Here, the inert gas refers to a gas that does not reduce the reaction activity of
the catalyst, and specific examples thereof include nitrogen, carbon dioxide, helium and argon.
The optimum conditions for the main calcination vary depending on the reaction conditions
when an unsaturated aldehyde and/or an unsaturated carboxylic acid are produced using a
catalyst, and changing the process parameters of the main calcination step, that is, the oxygen
content in the atmosphere, the maximum temperature reached and the calcination time falls
within the scope of the present embodiment, because the changing is well-known for the
skilled person. The main calcination step shall be carried out after the above preliminary
calcination step, and the maximum temperature reached (main calcination temperature) in the
main calcination step shall be higher than the maximum temperature reached (preliminary
calcination temperature) in the above preliminary calcination step. The technique of the
calcination includes but not limited to a fluidized bed, rotary kiln, muffle furnace, and tunnel
firing furnace, and should be selected within an appropriate range in consideration of the final
catalyst performance, mechanical strength, molding properties, production efficiency and the
like.

[0061]
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The catalyst of the present embodiment is preferably used as a catalyst for
producing an unsaturated aldehyde compound, an unsaturated carboxylic acid compound, or a
conjugated diene compound, is more preferably used as a catalyst for producing an
unsaturated aldehyde compound, and is particularly preferably used as a catalyst for
producing acrolein from propylene. In a process of an exothermic reaction such as
production of an unsaturated aldehyde compound, an unsaturated carboxylic acid compound,
or a conjugated diene compound, it is known to those skilled in the art that different catalyst
types are filled in multiple layers so that the activity is increased from an inlet side of a
reaction tube toward an outlet side of the reaction tube, for the purpose of preventing
deterioration of the catalyst itself due to heat generated by the reaction in an actual plant.
The catalyst of the present embodiment can be used on either an inlet side of the reaction tube,
an outlet side of the reaction tube, or the middle catalyst layer. For example, the catalyst of
the present embodiment is most preferably used on the most outlet side of the reaction tube,
that is, the catalyst of the present embodiment is used as the most active catalyst among all
catalyst layers in the reaction tube. For the multilayer filling, two-layer or three-layer filling
is particularly preferred.

[0062]

[Catalyst in Second Stage]

When the catalyst of the present embodiment is used as a catalyst in a first stage,
that is, a catalyst for producing an unsaturated aldehyde compound, an unsaturated carboxylic
acid compound can be obtained by performing a second-stage oxidation reaction.

In this case, the catalyst of the present embodiment can also be used as a catalyst in
a second stage, but a catalyst containing a catalytically active component represented by the
following formula (B) is preferred.

Mo12Va2Wb2CucaSbaa X2e2Y 2027225 0n2...(B)

(In the formula, Mo, V, W, Cu, Sb and O represent molybdenum, vanadium,
tungsten, copper, antimony and oxygen, respectively; X2 represents at least one element
selected from the group consisting of an alkali metal and thallium; Y2 represents at least one
element selected from the group consisting of magnesium, calcium, strontium, barium and
zinc; and Z represents at least one element selected from the group consisting of niobium,
cerium, tin, chromium, manganese, iron, cobalt, samarium, germanium, titanium and arsenic.
a2, b2, c2, d2, e2, f2, g2 and h2 represent the atomic proportion of each element, and with

respect to molybdenum atom 12, a2 satisfies 0 < a2 < 10, b2 satisfies 0 <b2 < 10, c2 satisfies
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0 <c2 <6, d2 satisfies 0 < d2 < 10, e2 satisties 0 < e2 < 0.5, f2 satisfies 0 < f2 < 1, and g2
satisfies 0 < g2 < 6. Further, h2 is the number of oxygen atoms required to satisfy the atomic
value of each component.)

[0063]

In the production of a catalyst containing the catalytically active component
represented by the above formula (B), a method widely known as a method for preparing this
kind of a catalyst, for example, an oxide catalyst or a catalyst having a heteropolyacid or a salt
structure thereof, can be adopted. The raw materials that can be used in producing the
catalyst are not limited, and various materials can be used. For example, molybdenum
oxides such as molybdenum trioxide, molybdic acid or salts thereof such as molybdic acid
and an ammonium molybdate, molybdenum-containing heteropolyacids or salts thereof such
as phosphomolybdic acid and silicomolybdic acid, and the like can be used. The raw
material of an antimony component is not limited, but antimony trioxide or antimony acetate
is preferred. As raw materials for other elements such as vanadium, tungsten, copper and the
like, nitrate, sulfate, carbonate, phosphate, organic acid salt, halide, hydroxide, oxide or the
metal of these elements can be used.

[0064]

A compound containing these active components may be used alone or in
combination of two or more.

[0065]

Next, the slurry liquid obtained above is dried to obtain a solid of catalytically
active component. The drying method is not limited so long as the slurry liquid can be
completely dried by the method. However, examples thereof include drum drying, freeze
drying, spray drying and evaporation drying. Spray drying is preferred because the slurry
liquid can be dried into a powder or granule in a short period of time. The temperature of
the drying with spray drying varies depending on the concentration of the slurry liquid, the
liquid sending speed or the like, but the temperature at the outlet of a drying machine is
approximately 70°C to 150°C. In this case, the slurry liquid is preferably dried such that the
average particle size of a slurry liquid dried product (catalyst precursor) to be obtained is 10
pm to 700 pm.

[0066]

The solid of catalytically active component in the second stage obtained as

described above can be used as it is for a coating mixture, and is preferably subjected to
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calcination because the molding properties may be improved. The calcination method and
the calcination conditions are not limited, and known treatment methods and conditions can
be applied. The optimum calcination conditions vary depending on the used raw material
for the catalyst, catalyst composition, preparation method and the like. The calcination
temperature is usually 100°C to 350°C, preferably 150°C to 300°C, and the calcination time is
usually 1 to 20 hours. The calcination is usually carried out in an air atmosphere, but may be
carried out in an atmosphere of an inert gas such as nitrogen, carbon dioxide, helium or argon.
The calcination in an air atmosphere may be carried out after calcination in an inert gas
atmosphere, if necessary. The thus-obtained calcined solid is preferably pulverized before
the molding. The pulverizing method is not limited, but it is preferable to use a ball mill.

[0067]

The compound containing the active component in preparing the slurry for the
second stage does not necessarily have to contain all the active components, and a part of the
components may be used before the following molding step.

[0068]

The shape of the catalyst in the second stage is not limited. The catalyst is used by
being molded into a columnar shape, a tablet, a ring shape, a spherical shape or the like in
order to reduce the pressure loss of a reaction gas in the oxidation reaction. Among these,
the solid of catalytically active component is particularly preferably carried on an inert carrier
to be a carried catalyst because improvement in selectivity and removal of heat of reaction can
be expected. A tumbling granulation method described below is preferred for the carrying.
This method is a method in which, for example, in a device that has a flat or uneven disk at
the bottom of a fixed container, a carrier in the container is vigorously agitated by repeatedly
performing rotation motion and revolution motion by rotating the disk at a high speed, and
then a mixture for the carrying including the binder, the solid of catalytically active
component and optionally a molding aid and/or a strength improver is carried on the carrier.
As a method of adding the binder, any methods may be adapted such as 1) premixing a binder
with the mixture for the carrying, 2) adding the binder at the same time as the mixture for the
carrying is added into the fixed container, 3) adding the binder after adding the mixture for the
carrying into the fixed container, 4) adding the binder before adding the mixture for the
carrying into the fixed container, 5) dividedly preparing the mixture for the carrying and the
binder independently and adding the whole amount of them in the appropriate combination of

2)to 4). Among these, for example, 5) is preferably performed by adjusting the adding rate
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using an auto feeder or the like such that the mixture for the carrying does not adhere to the
wall of the fixed container and the mixture for the carrying does not aggregate with each other
and a predetermined amount of the mixture for the carrying is carried on the carrier.
Examples of the binder include water, ethanol, polyhydric alcohol, polyvinyl alcohol as a
polymer-based binder, celluloses such as a crystalline cellulose, methyl cellulose and ethyl
cellulose, and an aqueous silica sol solution as an inorganic binder. Diols such as cellulose
and ethylene glycol and triols such as glycerin are preferred, and an aqueous solution having a
concentration of glycerin of 5 mass% or more is particularly preferred. The amount of these
binders to be used is usually 2 to 60 parts by mass, preferably 10 to 50 parts by mass, per 100
parts by mass of the mixture for the carrying.

[0069]

Specific examples of the carrier in the above carrying include a spherical carrier
having a diameter of 1 mm to 15 mm, and preferably 2.5 mm to 10 mm, such as silicon
carbide, alumina, silica alumina, mullite and arandom. The carriers having a porosity of
10% to 70% are usually used. The carrier and the mixture for the carrying at the ratio of the
mixture for the carrying/(mixture for the carrying + carrier) =10 mass% to 75 mass% are
usually used, and the carrier and the mixture for the carrying at the ratio of the mixture for the
carrying/(mixture for the carrying + carrier) =15 mass% to 60 mass% are preferably used.
When the ratio of the mixture for the carrying tends to be large, the reaction activity of the
carried catalyst is large, but the mechanical strength tends to be small. On the contrary,
when the ratio of the mixture for the carrying is small, the mechanical strength tends to be
large, but the reaction activity tends to be small. In the above, examples of the molding aid
to be used as necessary include silica gel, diatomite, and alumina powder. The amount of
the molding aid to be used is usually 1 to 60 parts by mass with respect to 100 parts by mass
of the solid of catalytically active component. If necessary, the use of inorganic fibers (for
example, ceramic fibers or whiskers) that are inactive to the solid of catalytically active
component and the reaction gas as the strength improver is useful for improving the
mechanical strength of the catalyst, and glass fibers are preferred. The amount of the fiber to
be used is usually 1 to 30 parts by mass with respect to 100 parts by mass of the solid of
catalytically active component. None of a molding aid, a pore-forming agent and a carrier
added in the molding of the catalyst for the first stage is considered as the constituent element
of the active component in the present embodiment, regardless of whether the molding aid,

the pore-forming agent and the carrier have the activity in the sense of converting the raw
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material into some other product.

[0070]

The carried catalyst obtained as described above can be used as a catalyst for the
catalytic gas phase oxidation, and is preferably subjected to calcination because the molding
properties may be improved. The calcination method and the calcination conditions are not
limited, and known treatment methods and conditions can be applied. The optimum
calcination conditions vary depending on the raw material for the catalyst to be used, the
catalyst composition, the preparation method, and the like, but the calcination temperature is
usually 100°C to 450°C, preferably 270°C to 420°C, and the calcination time is usually 1 to
20 hours. The calcination is usually carried out in an air atmosphere, and may be carried out
in an atmosphere of an inert gas such as nitrogen, carbon dioxide, helium or argon. The
calcination in an air atmosphere may be carried out after the calcination in an inert gas
atmosphere, if necessary.

[0071]

When the catalyst of the present embodiment is used in a reaction of using
propylene, isobutylene, t-butyl alcohol and the like as raw materials to produce the
corresponding unsaturated aldehyde, unsaturated carboxylic acid, and particularly, in a
reaction of producing acrolein and acrylic acid by catalytic gas phase oxidation of propylene
with molecular oxygen or a gas containing molecular oxygen, using the catalyst of the present
embodiment allows for improving the catalytic activity and the yield, and is very effective in
improving the price competitiveness of the product as compared with the known method. In
addition, the effect of improving the process stability of the partial oxidation reaction
accompanied by heat generation, such as reduction of the hot spot temperature can be
expected. Further, the catalyst of the present embodiment is also effective in reducing
by-products that adversely influences the environment and the quality of the final product,
such as carbon monoxide (CO), carbon dioxide (CO2), acetaldehyde, acetic acid, and
formaldehyde.

[0072]

The thus-obtained catalyst of the present embodiment can be used, for example, for
producing acrolein and/or acrylic acid by catalytic gas phase oxidation of propylene using a
molecular oxygen-containing gas. In the production method of the present embodiment, the
method for flowing the raw material gas may be an ordinary single-flow method or a

recycling method, and can be carried out under widely used conditions, and is not limited.
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For example, a mixed gas containing 1 vol% to 10 vol% and preferably 4 vol% to 9 vol% of
propylene, 3 vol% to 20 vol% and preferably 4 vol% to 18 vol% of molecular oxygen, 0 vol%
to 60 vol% and preferably 4 vol% to 50 vol% of water vapor at room temperature as a starting
raw material, and 20 vol% to 80 vol% and preferably 30 vol% to 60 vol% of an inert gas such
as carbon dioxide and nitrogen is introduced to the catalyst of the present embodiment filled
in a reaction tube at 250°C to 450°C under normal pressure to 10 atm and a space velocity of
300 to 5000 h! to perform a reaction.

[0073]

In the present invention, unless otherwise specified, the improvement of the
catalytic activity means that the conversion rate of the raw material is high when the catalytic
reaction is carried out at the same salt bath temperature.

In the present invention, unless otherwise specified, a high yield means that the total
yield of the corresponding unsaturated aldehyde and/or unsaturated carboxylic acid is high
when the oxidation reaction is performed using propylene, isobutylene, t-butyl alcohol, and
the like as raw materials. Unless otherwise specified, the yield refers to a useful yield
described later.

In the present invention, unless otherwise specified, the constituent elements of the
catalytically active component refer to all the elements to be used in the method for producing
a catalyst, but the raw materials and the constituent elements thereof that disappear, sublimate,
volatilize, and burn at the maximum temperature or lower in the main calcination step are not
included in the constituent elements of the catalytically active component. Further, silicon
and the other elements constituting inorganic materials contained in the molding aid and the
carrier in the shaping step are not included in the constituent elements of the catalytically
active component.

In the present invention, the hot spot temperature refers to the maximum
temperature in the temperature distribution in the catalyst-filled bed that is measured in
thermocouples installed in the multi-tube reaction tube in the long axis direction, and the salt
bath temperature refers to a set temperature of a heat medium used for the purpose of cooling
the heat generated in the reaction tube. The number of measuring points in the temperature
distribution is not limited, but for example, the catalyst filling length is evenly divided from
10 to 1000.

Further, in the measurement of the hot spot temperature, it is well-known to a person

skilled in the art that a temperature sensor sheath is installed in a long axis direction the
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reaction tube, and the thermocouple is installed therein, for the purpose of stabilizing the
measurement by the thermocouples. An outer diameter of the temperature sensor sheath is
not limited, but is, for example, preferably 7 mm or less, more preferably 6 mm or less, and
even more preferably 3.5 mm or less, and the outer diameter of the thermocouple is also not
limited, but is, for example, preferably 6 mm or less, more preferably 4 mm or less, and even
more preferably 3 mm or less.

In the present invention, the unsaturated aldehyde and the unsaturated aldehyde
compound refers to organic compounds having at least one double bond and at least one
aldehyde in the molecule, such as acrolein and methacrolein. In the present invention, the
unsaturated carboxylic acid and the unsaturated carboxylic acid compound refers to organic
compounds having at least one double bond and at least one carboxy group or an ester group
of the carboxyl group in the molecule, and are, for example, acrylic acid, methacrylic acid,
and methyl methacrylate. In the present invention, the conjugated diene refers to a diene in
which a double bond is separated by one single bond and which is chemically conjugated, and
is, for example, 1,3-butadiene.

The catalyst of the present invention also has an advantage that the activity is stable
even when (i) the hot spot temperature is reduced and (ii) the salt bath temperature is low.
[Example]

[0074]

Hereinafter, the present invention will be described in more detail with reference to
Examples. In Examples, a conversion rate of a raw material, a useful selectivity, a butadiene
selectivity, an active mass ratio, and an oxygen concentration at an outlet were calculated
according to the following formulae.

Conversion rate (%) of raw material = (number of moles of reacted propylene,
t-butyl alcohol, isobutylene or butene)/(number of moles of supplied propylene, t-butyl
alcohol, isobutylene or butene) x 100

Useful selectivity (%) = (total number of moles of produced acrolein and acrylic
acid, or total number of moles of produced methacrolein and methacrylic acid)/(number of
moles of reacted propylene, t-butyl alcohol or isobutylene) x 100

Butadiene selectivity (%) = (total number of moles of produced butadiene)/(number
of moles of reacted butene) x 100

Active mass ratio (mass%) = (mass of preliminary calcined powder used for

molding)/{(mass of preliminary calcined powder used for molding) + (mass of carrier used
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for molding)} % 100

Oxygen concentration (vol%) at outlet = (number of moles of oxygen at outlet of
reaction tube)/(number of moles of total gas at outlet of reaction tube containing water vapor)
x 100

[0075]

An X-ray diffraction (XRD) angle (20) was measured by using Ultima IV
manufactured by Rigaku Corporation under conditions of an X-ray CuKa ray (A = 0.154 nm),
an output of 40 kV, 30 mA, a measurement range of 10° to 60°, and a measurement rate of 10°
per minute. Further, a calcination time described in each of the following examples means a
holding time from a time when each calcination temperature reaches, in which a time of
temperature increase and temperature decrease is not included. In addition, an aging
treatment described later means that a reaction tube having a specified thickness is filled with
a catalyst, propylene is caused to flow at a specified flow rate, and an oxidation reaction is
performed for a specified period. At this time, the salt bath temperature is any temperature,
but the lower limit is 300°C, and the upper limit is a temperature at which the temperature of
the catalyst layer in the reaction tube is 450°C or less.

[0076]

[Example 1]

100 parts by mass of ammonium heptamolybdate was completely dissolved in 380
parts by mass of pure water heated to 60°C (mother liquid 1). Next, 0.37 parts by mass of
potassium nitrate was dissolved in 3.3 parts by mass of pure water, and the mixture was added
to the mother liquid 1. Next, 31 parts by mass of ferric nitrate, 81 parts by mass of cobalt
nitrate, and 44 parts by mass of nickel nitrate were dissolved in 83 parts by mass of pure
water heated to 60°C, and the mixture was added dropwise to the mother liquid 1.
Subsequently, 23 parts by mass of bismuth nitrate was dissolved in an aqueous nitric acid
solution prepared by adding 5.8 parts by mass of nitric acid (60 mass%) to 24 parts by mass
of pure water heated to 60°C, and the mixture was added dropwise to the mother liquid 1.
The mother liquid 1 was dried by spray drying, and the obtained dried powder was
preliminary calcined at 440°C for 4 hours. Five mass% of a crystalline cellulose with
respect to the preliminarily calcined powder (the atomic proportion calculated from the
charged raw materials was Mo:Bi:Fe:Co:Ni:K = 12:1.0:1.6:5.9:3.2:0.080) was added to the
preliminarily calcined powder, followed by thoroughly being mixed. The mixture was

carried and molded into a spherical shape on an inert carrier by using a 33 mass% glycerin
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solution as a binder by tumbling granulation so that an active mass ratio was 50 mass%. The
thus-obtained spherical molded product having a particle size of 5.3 mm was subjected to
main calcination under the conditions of 510°C and 4 hours to obtain a catalyst 1-1. The
X-ray diffraction angle (20) of the catalyst 1-1 was measured. S3 was 12.3.

[0077]

A stainless steel reaction tube having an inner diameter of 25 mm was filled with
the catalyst 1-1, and an aging treatment was carried out for 1300 hours under the conditions of
a propylene concentration of 8 vol% and a propylene space velocity of 160 hr! with respect to
all the catalysts in the reaction tube. The maximum value of the temperature of the catalyst
layer in the reaction tube during the aging treatment was 444°C, and the minimum value of
the oxygen concentration of the gas at the outlet of the reaction tube was 4.8 vol%.
Thereafter, the mixture was taken out of the reaction tube to obtain a catalyst 1-2. The X-ray
diffraction angle (20) of the catalyst 1-2 was measured.

[0078]

[Example 2]

100 parts by mass of ammonium heptamolybdate was completely dissolved in 380
parts by mass of pure water heated to 60°C (mother liquid 1). Next, 0.17 parts by mass of
potassium nitrate was dissolved in 1.5 parts by mass of pure water, and the mixture was added
to the mother liquid 1. Next, 38 parts by mass of ferric nitrate, 89 parts by mass of cobalt
nitrate, and 33 parts by mass of nickel nitrate were dissolved in 85 parts by mass of pure
water heated to 60°C, and the mixture was added dropwise to the mother liquid 1.
Subsequently, 21 parts by mass of bismuth nitrate was dissolved in an aqueous nitric acid
solution prepared by adding 5.4 parts by mass of nitric acid (60 mass%) to 23 parts by mass
of pure water heated to 60°C, and the mixture was added dropwise to the mother liquid 1.
The mother liquid 1 was dried by spray drying, and the obtained dried powder was
preliminary calcined at 440°C for 4 hours. Five mass% of a crystalline cellulose with
respect to the preliminarily calcined powder (the atomic proportion calculated from the
charged raw materials was Mo:Bi:Fe:Co:Ni:K = 12:0.93:2.0:6.5:2.4:0.040) was added to the
preliminarily calcined powder, followed by thoroughly being mixed. The mixture was
carried and molded into a spherical shape on an inert carrier by using a 33 mass% glycerin
solution as a binder by tumbling granulation so that an active mass ratio was 50 mass%. The
thus-obtained spherical molded product having a particle size of 5.3 mm was subjected to

main calcination under the conditions of 550°C and 4 hours to obtain a catalyst 2-1. The
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X-ray diffraction angle (20) of the catalyst 2-1 was measured. S3 was 11.3.

[0079]

A stainless steel reaction tube having an inner diameter of 25 mm was filled with
the catalyst 2-1, and an aging treatment was carried out for 26000 hours under the conditions
of a propylene concentration of 8 vol% and a propylene space velocity of 95 hr'! with respect
to all the catalysts in the reaction tube. The maximum value of the temperature of the
catalyst layer in the reaction tube during the aging treatment was 384°C, and the minimum
value of the oxygen concentration of the gas at the outlet of the reaction tube was 3.9 vol%.
Thereafter, the mixture was taken out of the reaction tube to obtain a catalyst 2-2. The X-ray
diffraction angle (20) of the catalyst 2-2 was measured.

[0080]

[Example 3]

100 parts by mass of ammonium heptamolybdate was completely dissolved in 380
parts by mass of pure water heated to 60°C (mother liquid 1). Next, 0.44 parts by mass of
potassium nitrate was dissolved in 4.0 parts by mass of pure water, and the mixture was added
to the mother liquid 1. Next, 34 parts by mass of ferric nitrate, 71 parts by mass of cobalt
nitrate, and 38 parts by mass of nickel nitrate were dissolved in 76 parts by mass of pure
water heated to 60°C, and the mixture was added to the mother liquid 1. Subsequently, 38
parts by mass of bismuth nitrate was dissolved in an aqueous nitric acid solution prepared by
adding 9.9 parts by mass of nitric acid (60 mass%) to 41 parts by mass of pure water heated to
60°C, and the mixture was added to the mother liquid 1. The mother liquid 1 was dried by
spray drying, and the obtained dried powder was preliminary calcined at 440°C for 4 hours.
Five mass% of a crystalline cellulose with respect to the preliminarily calcined powder (the
atomic proportion calculated from the charged raw materials was Mo:Bi:Fe:Co:Ni:K =
12:1.7:1.8:5.2:2.8:0.095) was added to the preliminarily calcined powder, followed by
thoroughly being mixed. The mixture was carried and molded into a spherical shape on an
inert carrier by using a 33 mass% glycerin solution as a binder by tumbling granulation so that
an active mass ratio was 50 mass%. The thus-obtained spherical molded product having a
particle size of 5.3 mm was subjected to main calcination under the conditions of 530°C and 4
hours to obtain a catalyst 3-1. The X-ray diffraction angle (20) of the catalyst 3-1 was
measured. FIG. 1 is a diagram illustrating an X-ray diffraction pattern of the catalyst 3-1.
S3 was 12.0.

[0081]
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A stainless steel reaction tube having an inner diameter of 27 mm was filled with
the catalyst 3-1, and an aging treatment was carried out for 24000 hours under the conditions
of a propylene concentration of 8 vol% and a propylene space velocity of 100 hr! with
respect to all the catalysts in the reaction tube. Thereafter, the mixture was taken out of the
reaction tube to obtain a catalyst 3-2. The X-ray diffraction angle (20) of the catalyst 3-2
was measured. FIG. 2 is a diagram illustrating an X-ray diffraction pattern of the catalyst
3-2.

[0082]

[Comparative Example 1]

100 parts by mass of ammonium heptamolybdate was completely dissolved in 380
parts by mass of pure water heated to 60°C (mother liquid 1). Next, 0.46 parts by mass of
potassium nitrate was dissolved in 4.1 parts by mass of pure water, and the mixture was added
to the mother liquid 1. Next, 38 parts by mass of ferric nitrate, 89 parts by mass of cobalt
nitrate, and 33 parts by mass of nickel nitrate were dissolved in 85 parts by mass of pure
water heated to 60°C, and the mixture was added to the mother liquid 1. Subsequently, 16
parts by mass of bismuth nitrate was dissolved in an aqueous nitric acid solution prepared by
adding 4.1 parts by mass of nitric acid (60 mass%) to 17 parts by mass of pure water heated to
60°C, and the mixture was added to the mother liquid 1. The mother liquid 1 was dried by
spray drying, and the obtained dried powder was preliminary calcined at 440°C for 4 hours.
Five mass% of a crystalline cellulose with respect to the preliminarily calcined powder (the
atomic proportion calculated from the charged raw materials was Mo:Bi:Fe:Co:Ni:K =
12:0.7:2.0:6.5:2.4:0.10) was added to the preliminarily calcined powder, followed by
thoroughly being mixed. The mixture was carried and molded into a spherical shape on an
inert carrier by using a 33 mass% glycerin solution as a binder by tumbling granulation so that
an active mass ratio was 50 mass%. The thus-obtained spherical molded product having a
particle size of 5.3 mm was subjected to main calcination under the conditions of 540°C and 4
hours to obtain a catalyst 4-1. The X-ray diffraction angle (20) of the catalyst 4-1 was
measured. FIG. 3 is a diagram illustrating an X-ray diffraction pattern of the catalyst
(catalyst 4-1) in Comparative Example 1. S3 was 13.5.

[0083]

A stainless steel reaction tube having an inner diameter of 25 mm was filled with
the catalyst 4-1, and an aging treatment was carried out for 1300 hours under the conditions of

a propylene concentration of 8 vol% and a propylene space velocity of 160 hr'! with respect to
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all the catalysts in the reaction tube. The maximum value of the temperature of the catalyst
layer in the reaction tube during the aging treatment was 444°C, and the minimum value of
the oxygen concentration of the gas at the outlet of the reaction tube was 4.8 vol%.
Thereafter, the mixture was taken out of the reaction tube to obtain a catalyst 4-2. The X-ray
diffraction angle (20) of the catalyst 4-2 was measured. FIG. 4 is a diagram illustrating an
X-ray diffraction pattern of the catalyst 4-2.

[0084]

Using the catalyst 1-1, the catalyst 2-1, the catalyst 3-1, and the catalyst 4-1, and the
catalyst 1-2, the catalyst 2-2, and the catalysts 3-2 and 4-2 taken out from the reaction tube
after the aging treatment, the oxidation reaction of propylene was carried out by the following
method, and the conversion rate of the raw material and the useful selectivity were determined.
A stainless steel reaction tube having an inner diameter of 18.4 mm was filled with each
catalyst, and a mixed gas having a gas volume ratio of propylene:oxygen:water vapor =
1:1.7:3.0 was introduced at a propylene space velocity of 400 hr'! with respect to all the
catalysts in the reaction tube to carry out an oxidation reaction of propylene. The gas at the
outlet of the reaction tube was analyzed between 100 hr and 150 hr from the start of
introduction of propylene. The results of the salt bath temperature, the conversion rate of the
raw material, the useful selectivity, and the XRD measurement of the catalyst 1-1, the catalyst
2-1, the catalyst 3-1, and the catalyst 1-4 are shown in Table 1, and the results of the salt bath
temperature, the conversion rate of the raw material, the useful selectivity, and the XRD
measurement of the catalyst 1-2, the catalyst 2-2, the catalyst 3-2, and the catalyst 4-2 are

shown in Table 2.

[0085]
[Table 1]
Salt bath Conversion rate Useful
temperature | of raw material selectivity F1 F2 F3
&(®) (%) (%)
Catalyst 1-1 400 53.9 95.5 17.10 8.75 9.70
Catalyst 2-1 420 60.9 94.1 25.88 11.67 10.27
Catalyst 3-1 400 51.8 96.1 18.70 9.03 12.40
Catalyst 4-1 400 49.7 96.6 25.22 16.32 14.98
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[0086]
[Table 2]
Salt bath Conversion rate Useful
temperature | of raw material selectivity Ul u2 U3
) (%) (%)
Catalyst 1-2 400 53.8 95.4 15.34 7.30 9.73
Catalyst 2-2 440 59.1 91.6 29.90 16.67 14.55
Catalyst 3-2 440 52.8 90.4 24.73 14.67 18.76
Catalyst 4-2 400 49.3 95.1 30.67 17.36 16.70

[0087]
Table 3 shows Q1, Q2, Q3, D1, D2, D3, and the amount of decrease in the useful
selectivity per 1000 hours of the reaction time in consideration of the reaction time T (hr)

during which the oxidation reaction was carried out.

[0088]
[Table 3]
Catalyst |Catalyst after] Amount of decrease
before aging aging in useful selectivity | Q1 Q2 Q3 DI D2 D3
treatment treatment
(%)
Example 1 | Catalyst 1-1 | Catalyst 1-2 -0.077 -7.92 |-12.75| 0.24 | -1.35 | -1.12 | 0.02
Example 2 | Catalyst 2-1 | Catalyst 2-2 -0.096 0.60 | 1.65 | 1.60 | 0.15 | 0.19 | 0.16
Example 3 | Catalyst 3-1 | Catalyst 3-2 -0.24 1.34 | 2.60 | 2.14 | 0.25 | 0.24 | 0.27
CEompara“VG Catalyst 4-1 | Catalyst 4-2 -1.15 16.62 | 490 | 8.83 | 4.19 | 0.80 | 1.32
xample 1
[0089]

Although the present invention has been described in detail with reference to
specific examples, it is apparent to those skilled in the art that it is possible to add various
alterations and modifications without departing from the spirit and the scope of the present
invention.

The present application is based on Japanese Patent Application (No. 2020-002508)
filed on January 10, 2020, the entire contents of which are incorporated herein by reference.

In addition, all references cited here are entirely incorporated.

INDUSTRIAL APPLICABILITY
[0090]
Using the catalyst of the present invention allows for achieving a high selectivity,

for performing a partial oxidation reaction to produce an unsaturated aldehyde compound, an
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unsaturated carboxylic acid compound, or a conjugated diene compound. As a result,

achieving a high yield is expected.
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CLAIMS

[Claim 1]

A catalyst, comprising, as an essential component,

molybdenum;

bismuth;

and cobalt, wherein

with respect to a peak intensity at 26 = 25.3° £ 0.2° in an X-ray diffraction pattern
obtained by using CuKa rays as an X-ray source, a changing rate (Q1) per 1000 hours of
reaction time represented by the following formulae (1) to (4) is 16 or less.

Q1= {(U1/F1-1)x100}/T x 1000 (1)

F1 = (peak intensity of catalyst before oxidation reaction at 20 = 25.3° + 0.2°)/(peak
intensity of catalyst before oxidation reaction at 20 =26.5° + 0.2°) x 100  (2)

Ul = (peak intensity of catalyst after oxidation reaction at 20 = 25.3° + 0.2°)/(peak
intensity of catalyst after oxidation reaction at 20 =26.5° + 0.2°) x 100  (3)

T = time (hr) during which oxidation reaction is carried out  (4)

[Claim 2]

The catalyst according to claim 1, wherein with respect to a peak intensity at 20 =
25.3°+0.2° in an X-ray diffraction pattern obtained by using CuKa rays as an X-ray source, a
changing amount (D1) per 1000 hours of reaction time represented by the following formula
(5) and the formulae (2) to (4) is 4.1 or less.

D1=(U1-F1)/T x 1000 (5)

[Claim 3]

The catalyst according to claim 1 or 2, wherein a composition of a catalytically
active component is represented by the following formula (A):

Moa1BipiNiciCogqiFee1 Xr1 Y1 ZniOi - (A)

(in the formula, Mo, Bi, Ni, Co and Fe represent molybdenum, bismuth, nickel,
cobalt and iron, respectively; X is at least one element selected from tungsten, antimony, tin,
zinc, chromium, manganese, magnesium, silica, aluminum, cerium and titanium; Y is at least
one element selected from sodium, potassium, cesium, rubidium, and thallium; Z belongs to

the 1st to 16th groups in the periodic table and means at least one element selected from
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elements other than the above Mo, Bi, Ni, Co, Fe, X, and Y; al, bl, c1, dl, el, {1, g1, hl, and
il represent the number of atoms of molybdenum, bismuth, nickel, cobalt, iron, X, Y, Z, and
oxygen, respectively; whenal =12,0<bl1 <7,0<c1<10,0<d1 <10,0<cl +d1<20,0<
el <5,0<f1<2,0<gl1<3,0<hl <5, andil is a value determined by an oxidation state of

each element).

[Claim 4]
The catalyst according to any one of claims 1 to 3, wherein a catalytically active

component is carried on an inert carrier in the catalyst.

[Claim 5]
The catalyst according to claim 4, wherein the inert carrier is silica, alumina, or a

mixture thereof.

[Claim 6]
The catalyst according to any one of claims 1 to 5, which is a catalyst for producing
at least one of an unsaturated aldehyde compound, an unsaturated carboxylic acid compound,

and a conjugated diene.

[Claim 7]
A method for producing at least one of an unsaturated aldehyde compound, an
unsaturated carboxylic acid compound, and a conjugated diene, the method comprising using

the catalyst according to any one of claims 1 to 6.

[Claim §]
The method according to claim 7, wherein the unsaturated aldehyde compound is
acrolein, the unsaturated carboxylic acid compound is acrylic acid, and the conjugated diene

is 1,3-butadiene.

[Claim 9]
An unsaturated aldehyde compound, an unsaturated carboxylic acid compound, or a

conjugated diene produced using the catalyst according to any one of claims 1 to 6.



