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Description

[Technical Field]

[0001] This application claims priority to and the benefit of Korean Patent Application No. 10-2018-0029251 filed in
the Korean Intellectual Property Office on March 13, 2018, the entire contents of which are incorporated herein by
reference.
[0002] The present application relates to a method for preparing a ferrite-based coating catalyst and a method for
preparing butadiene using the same.

[Background Art]

[0003] 1,3-butadiene is an intermediate of petroleum chemical products, and demands for 1,3-butadiene and the value
thereof are gradually increasing globally. The 1,3-butadiene has been prepared by using naphtha cracking, the direct
dehydrogenation reaction of butene, the oxidative dehydrogenation reaction of butene, and the like.
[0004] However, since the naphtha cracking process consumes a lot of energy due to high reaction temperature, and
is not a single process only for producing 1,3-butadiene, there is a problem in that other fundamental fractions in addition
to 1,3-butadiene are produced in excess. Further, the direct dehydrogenation reaction of n-butene is thermodynamically
unfavorable and requires high temperature and low pressure conditions for producing 1,3-butadiene at high yield as an
endothermic reaction, and thus is not suitable as a commercialization process for producing 1,3-butadiene.
[0005] Meanwhile, the oxidative dehydrogenation reaction of butene is a reaction in which butene and oxygen react
with each other in the presence of a metal oxide catalyst to produce 1,3-butadiene and water, and has a very thermo-
dynamically favorable advantage because stable water is produced. Further, since the oxidative dehydrogenation re-
action of butene is an exothermic reaction unlike the direct dehydrogenation reaction of butene, 1,3-butadiene can be
obtained at high yield even at low reaction temperature as compared to the direct dehydrogenation reaction, and the
oxidative dehydrogenation reaction of butene can become an effective single production process capable of satisfying
the demands for 1,3-butadiene because an additional heat supply is not required.
[0006] The metal oxide catalyst is generally synthesized by a co-precipitation method of preparing the catalyst by
simultaneously precipitating a metal solution with a basic solution. Among metal oxide catalysts used in an oxidative
dehydrogenation reaction of normal-butene known so far, ferrite-based catalysts are known as being excellent in activity
and stability. However, ferrite-based catalysts have a problem in that the activity or durability thereof deteriorates due
to excessive heat generation caused by the reaction conditions of high temperature/high pressure, and furthermore,
have a problem in that since a side reaction in which COx is produced is promoted, the amount of heat generated is
further increased, so that the selectivity of butadiene is decreased in addition to the deterioration in activity or durability
of the catalyst.
[0007] In order to solve the problems, technologies of controlling heat generation, such as dissipation of generated
heat by mixing inert materials such as an aluminum ball, have been reported, but it is known that the effect of reducing
heat generation is insignificant, and particularly, in a bulk reaction where the amount of butadiene produced is consid-
erable, it is more difficult to control heat generation of ferrite-based catalysts. In addition, a phenomenon in which the
activity rather deteriorates as an additive is introduced is also discovered.
[0008] Therefore, there is an urgent need for developing a method for preparing a catalyst capable of improving the
physical strength of the catalyst without affecting the selectivity or yield of butadiene under high temperature and high
pressure reaction conditions.

[Detailed Description of Invention]

[Technical Problem]

[0009] The present application has been made in an effort to provide a method for preparing a ferrite-based catalyst
and a method for preparing butadiene using the same.
[0010] In particular, an object of the present application is to provide a coating catalyst for an oxidative dehydrogenation
reaction capable of more effectively controlling heat generation when the coating catalyst is used for a commercialized
reaction in which the amount of butadiene produced is equal to or more than the amount at the laboratory level, and a
preparation method thereof.
[0011] Further, an object of the present application is to provide a preparation method which improves the physical
strength of the catalyst while maintaining the yield or selectivity of butadiene by using the coating catalyst.
[0012] The object and other objects of the present application can be all achieved by the detailed description of the
present application to be described below.
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[Technical Solution]

[0013] An exemplary embodiment of the present application provides a method for preparing a ferrite-based coating
catalyst, the method comprising:

mixing a support, a ferrite-based catalyst, and water in a coating machine which is a rotating body,
in which a weight ratio of the water based on a total weight of the support is 0.15 to 0.3.

[0014] Further, another exemplary embodiment of the present application provides a method for preparing butadiene,
the method comprising:

preparing the ferrite-based coating catalyst prepared by the preparation method; and
preparing butadiene by using the ferrite-based coating catalyst in an oxidative dehydrogenation reaction of butene.

[Advantageous Effects]

[0015] According to an exemplary embodiment of the present application, during the preparation of a ferrite-based
coating catalyst, it is possible to improve the strength of the ferrite-based coating catalyst by introducing water at a
specific weight ratio. Accordingly, during the preparation of butadiene using the ferrite-based coating catalyst, it is possible
to prevent the loss of the catalyst caused by attrition.
[0016] Furthermore, the ferrite-based coating catalyst prepared according to an exemplary embodiment of the present
application can improve the catalyst strength while maintaining the catalytic activity.

[Brief Description of Drawings]

[0017]

FIG. 1 is a view illustrating an attrition test device applied to an Experimental Example of the present application.
FIGS. 2 to 4 are views illustrating the internal states of the coating catalysts of Examples and Comparative Examples
of the present application.

[Best Mode]

[0018] Hereinafter, the present application will be described in more detail.
[0019] In the present specification, the ’yield (%)’ is defined as a value obtained by dividing the weight of 1,3-butadiene,
which is a product of an oxidative dehydrogenation reaction, by the weight of butene which is a raw material. For example,
the yield can be represented by the following equation. 

[0020] In the present specification, the ’conversion (%)’ refers to a rate at which a reactant is converted into a product,
and for example, the conversion of butene can be defined by the following equation. 

[0021] In the present specification, the ’selectivity (%)’ is defined as a value obtained by dividing the change amount
of butadiene (BD) by the change amount of butene (BE). For example, the selectivity can be represented by the following
equation. 
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[0022] The present inventors confirmed that when a catalyst was prepared by preparing a metal oxide and coating a
support with the metal oxide, the reactivity was excellent and the selectivity of a product was excellent because the
surface area of the catalyst per unit volume was large during an oxidative dehydrogenation reaction, thereby completing
the present invention based on this finding.
[0023] During the preparation of a ferrite-based coating catalyst in the related art, the ferrite-based coating catalyst
was prepared by putting a support and a ferrite-based catalyst into a coating machine and coating the outer surface of
the support with the catalyst. However, in this method, the catalyst is present only on the outer surface of the support,
and the catalyst strength is reduced.
[0024] In order to solve the problem, the ferrite-based coating catalyst can be prepared by introducing a support and
a catalyst into a rotary evaporator, and then evaporating water under reduced pressure, and in this case, the catalyst
strength can be easily improved. However, as the amount of catalyst coated onto the support was increased, the effect
of improving the strength was decreased, and further, the method for preparing a ferrite-based coating catalyst in the
related art had a problem in that decompression equipment was needed during the mass production of the ferrite-based
coating catalyst.
[0025] The method for preparing a ferrite-based coating catalyst according to an exemplary embodiment of the present
application comprises: mixing a support, a ferrite-based catalyst, and water in a coating machine which is a rotating
body, in which a weight ratio of the water based on a total weight of the support is 0.15 to 0.3.
[0026] According to an exemplary embodiment of the present application, during the preparation of a ferrite-based
coating catalyst, it is possible to improve the strength of the ferrite-based coating catalyst by introducing water at a
specific weight ratio. Accordingly, during the preparation of butadiene using the ferrite-based coating catalyst, it is possible
to prevent the loss of the catalyst caused by attrition.
[0027] In an exemplary embodiment of the present application, the weight ratio of the water based on the total weight
of the support can be 0.15 to 0.3, and can be 0.18 to 0.25. When the weight ratio of the water based on the total weight
of the support is less than 0.15, only the outer surface of the support is coated with the catalyst, so that the catalyst
strength can be reduced, and when the weight ratio of the water based on the total weight of the support is more than
0.3, the support and the catalyst are immersed in water, so that the support cannot be coated with the catalyst.
[0028] In an exemplary embodiment of the present application, the mixing of the support, the ferrite-based catalyst,
and the water is performed in a coating machine which is a rotating body. The coating machine is not particularly limited,
and those known in the art can be used.
[0029] In an exemplary embodiment of the present application, the ferrite-based catalyst can be represented by the
following Formula 1.

[Formula 1] AFe2O4

[0030] In Formula 1, A is Cu, Ra, Ba, Sr, Ca, Cu, Be, Zn, Mg, Mn, Co, or Ni.
[0031] In an exemplary embodiment of the present application, it is preferred that the ferrite-based catalyst is a zinc
ferrite catalyst.
[0032] In an exemplary embodiment of the present application, the content of the ferrite-based catalyst in the ferrite-
based coating catalyst can be 10 wt% to 40 wt%, and 12 wt% to 35 wt% based on the total weight of the ferrite-based
coating catalyst. When the content of the ferrite-based catalyst is less than 10 wt% or more than 40 wt% based on the
total weight of the ferrite-based coating catalyst, the effect of improving the catalytic activity is insignificant, and when
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the content thereof satisfies the above range, it is possible to prepare a ferrite-based coating catalyst with the improved
catalyst strength while maintaining the catalytic activity.
[0033] In an exemplary embodiment of the present application, the support can comprise one or more of alumina,
silica, cordierite, titania, zirconia, silicon nitride, and silicon carbide. In an exemplary embodiment of the present appli-
cation, it is preferred that the support is alumina.
[0034] The form of the support is not particularly limited, and for example, the support can be alumina in the form of
a sphere, and in this case, the diameter thereof can be 2 mm to 7 mm.
[0035] In an exemplary embodiment of the present application, the method can further comprise drying the resulting
mixture after the mixing of the support, the ferrite-based catalyst, and the water. The method can further comprise firing
the mixture after the drying, if necessary. The drying can be performed under the temperature conditions of room
temperature, 50°C to 150°C, 90°C to 120°C, and the like, but the temperature conditions are not limited thereto.
[0036] Further, an exemplary embodiment of the present application provides a method for preparing butadiene, the
method comprising: preparing a ferrite-based coating catalyst prepared by the preparation method; and preparing buta-
diene by using the ferrite-based coating catalyst in an oxidative dehydrogenation reaction of butene.
[0037] The oxidative dehydrogenation reaction means a reaction of producing conjugated diene and water by allowing
olefin and oxygen to react with each other in the presence of a ferrite-based coating catalyst, and can be a reaction of
producing 1,3-butadiene and water by allowing butene and oxygen to react with each other, as a specific example.
[0038] A reactor used in the oxidative dehydrogenation reaction is not particularly limited as long as the reactor can
be used in the oxidative dehydrogenation reaction, but as an example, the reactor can be a reactor in which the reaction
temperature of a catalyst layer installed therein is constantly maintained and the oxidative dehydrogenation reaction is
performed while a reactant successively passes through the catalyst layer, and as a specific example, the reactor can
be a tubular reactor, a batch-type reactor, a fluidized bed reactor, or a fixed bed reactor, and an example of the fixed
bed reactor can be a multi-tubular reactor or a plate-type reactor.
[0039] According to an exemplary embodiment of the present application, the preparing of the butadiene can be
performed at a reaction temperature of 250°C to 450°C, 300°C to 430°C, or 350°C to 425°C by using a raw material
comprising C4 fractions, steam, oxygen (O2), and nitrogen (N2), and within the above range, the reaction efficiency is
excellent without significantly increasing the energy costs, which makes it possible to provide butadiene with high pro-
ductivity, and maintain the catalytic activity and stability at high levels.
[0040] The oxidative dehydrogenation reaction can be performed at a gas hourly space velocity (GHSV) of 50 h-1 to
2,000 h-1, 50 h-1 to 1,500 h-1, or 50 h-1 to 1,000 h-1 based on normal-butene, as an example, and within the range, the
reaction efficiency is excellent, which makes it possible to exhibit effects in that conversion, selectivity, yield, and the
like are excellent.
[0041] The C4 fractions can mean C4 raffinate-1,2,3 remaining by separating useful compounds from a C4 mixture
produced by naphtha cracking, and can mean C4 classes which can be obtained through ethylene dimerization.
[0042] According to an exemplary embodiment of the present specification, the C4 fractions can be one or a mixture
of two or more selected from the group consisting of n-butane, trans-2-butene, cis-2-butene, and 1-butene.
[0043] According to an exemplary embodiment of the present specification, the steam or nitrogen (N2) is a diluted gas
introduced for the purpose of reducing the explosion danger of the reactant, preventing coking of the catalyst, removing
the reaction heat, and the like, in the oxidative dehydrogenation reaction.
[0044] According to an exemplary embodiment of the present specification, the oxygen (O2) is an oxidant and reacts
with C4 fractions to cause a dehydrogenation reaction.
[0045] According to an exemplary embodiment of the present specification, the oxidative dehydrogenation reaction
can proceed according to the following Reaction Formula 1 or Reaction Formula 2.

[Reaction Formula 1] C4H8 + 1/2O2 → C4H6 + H2O

[Reaction Formula 2] C4H10 + O2 → C4H6 + 2H2O

[0046] Hydrogen of butane or butene is removed by the oxidative dehydrogenation reaction, and as a result, butadiene
is prepared. Meanwhile, the oxidative dehydrogenation reaction can produce a side reaction product comprising carbon
monoxide (CO), carbon dioxide (CO2), or the like, in addition to the main reaction such as Reaction Formula 1 or 2. The
oxidative dehydrogenation reaction can comprise a process in which the side reaction product is separated so as not
to be continuously accumulated in the process, and is released out of the system.
[0047] According to an exemplary embodiment of the present specification, in the method for preparing butadiene,
the conversion of butene can be 72% or more, preferably 72.5% or more, and more preferably 79% or more.
[0048] According to an exemplary embodiment of the present specification, in the method for preparing butadiene,
the selectivity of butadiene can be 85% or more, preferably 85.8% or more, and more preferably 87% or more.
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[Mode for Invention]

[0049] Hereinafter, the present application will be described in detail with reference to Examples for specifically de-
scribing the present application. However, the Examples according to the present application can be modified in various
forms, and it is not interpreted that the scope of the present application is limited to the Examples described in detail
below. The Examples of the present application are provided for more completely explaining the present application to
the person with ordinary skill in the art.

<Examples>

<Example 1>

[0050] 2 L of ammonia water whose pH was adjusted to 8 was prepared, and a metal precursor solution comprising
2 L of distilled water, 288.456 g of zinc chloride (ZnCl2), and 1,132.219 g of iron (III) chloride (FeCl3) was prepared in a
separate container. In this case, the molar ratio of the metal components comprised in the metal precursor solution was
Fe : Zn = 2 : 1. Ammonia water at a concentration of 9 wt% was together added to the prepared ammonia water in order
to maintain the pH to 8 while adding the prepared metal precursor solution to the prepared ammonia water. After the
metal precursor solution was completely added while stirring the mixture for 1 hour using a stirrer in order to obtain a
sample having the uniform composition, the resulting mixture was aged for 1 hour, and then a solution in which a
precipitate was formed was washed by using 4 L of distilled water and simultaneously filtered to separate the precipitate.
A co-precipitate was obtained by filtering a co-precipitation solution, which had been thoroughly stirred and aged, under
reduced pressure using a vacuum filter, the co-precipitate was washed, and then dried at 90°C for 24 hours, and then
the dried co-precipitate was put into a firing furnace and heat-treated at 650°C for 6 hours to prepare a zinc ferrite
catalyst. A ZnFe2O4 powder was obtained. The obtained powder was ground and selected by a sieving method so as
to have a size of 45 mm or less.
[0051] The ferrite-based catalyst, an alumina support in the form of balls having a diameter of 4 mm to 6 mm, and
water were introduced together into a coating machine, which is a rotating body, and then mixed to prepare a ferrite-
based coating catalyst. In this case, the weight ratio of the introduced water was 0.2 based on the total weight of the
support, and the content of the ferrite-based catalyst was 15 wt% based on the total weight of the ferrite-based coating
catalyst.
[0052] The coated catalyst was dried under a temperature condition of 90°C to 120°C for several hours.

<Example 2>

[0053] A ferrite-based coating catalyst was prepared in the same manner as in Example 1, except that the content of
the ferrite-based catalyst was adjusted to 25 wt% based on the total weight of the ferrite-based coating catalyst in
Example 1.

<Example 3>

[0054] A ferrite-based coating catalyst was prepared in the same manner as in Example 1, except that the content of
the ferrite-based catalyst was adjusted to 35 wt% based on the total weight of the ferrite-based coating catalyst in
Example 1.

<Comparative Example 1>

[0055] A ferrite-based coating catalyst was prepared in the same manner as in Example 1, except that a rotary
evaporator was used without using the coating machine in Example 1. In this case, the vacuum distillation was performed
in a state where the support was completely immersed in water by introducing the water such that the weight ratio of
the introduced water was 0.6 or more based on the total weight of the support.

<Comparative Example 2>

[0056] A ferrite-based coating catalyst was prepared in the same manner as in Comparative Example 1, except that
the content of the ferrite-based catalyst was adjusted to 25 wt% based on the total weight of the ferrite-based coating
catalyst in Comparative Example 1.
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<Comparative Example 3>

[0057] A ferrite-based coating catalyst was prepared in the same manner as in Example 1, except that a small amount
of water was used in Example 1. In this case, the weight ratio of the introduced water was 0.1 or less based on the total
weight of the support.

<Comparative Example 4>

[0058] A ferrite-based coating catalyst was prepared in the same manner as in Comparative Example 3, except that
the content of the ferrite-based catalyst was adjusted to 25 wt% based on the total weight of the ferrite-based coating
catalyst in Comparative Example 3.

<Comparative Example 5>

[0059] A ferrite-based coating catalyst was prepared in the same manner as in Comparative Example 3, except that
the content of the ferrite-based catalyst was adjusted to 35 wt% based on the total weight of the ferrite-based coating
catalyst in Comparative Example 3.

<Comparative Example 6>

[0060] A ferrite-based coating catalyst was prepared in the same manner as in Example 2, except that in Example 2,
water was introduced such that the weight ratio of the introduced water was 0.38 based on the total weight of the support.

<Experimental Example>

[0061] As reactants, a mixture of trans-2-butene and cis-2-butene and oxygen were used, and nitrogen and stem were
additionally allowed to flow into a reactor together. For the reaction composition, the volume ratios of oxygen, nitrogen,
and steam based on butene were 1, 4, and 5, respectively, and the butene was composed such that the component
ratios of trans-2-butene and cis-2-butene were 60% and 40% by volume, respectively. The reaction was performed
under the conditions of 400°C, GHSV = 133 h-1, OBR = 1, SBR = 8, and NBR = 1. As the reactor, a metal tubular fixed
bed reactor was used. The fixed bed reactor was filled with 200 cc of each of the catalysts prepared in the Examples
and the Comparative Examples, steam was infused in the form of water, the water was vaporized into steam at 120°C
by using a vaporizer, the steam was mixed with the butene mixture and oxygen as the reactants, and the resulting
mixture was allowed to flow into the reactor. The product after the reaction was analyzed by using gas chromatography
(GC), and the conversion of butene, the selectivity of butadiene, the selectivity of COx, and the yield were calculated by
using the results measured by gas chromatography.

GHSV: Gas Hourly Space Velocity
OBR: O2/butene molar ratio
SBR: Steam/butene molar ratio
NBR: N2/butene molar ratio

[0062] The degree of the catalyst lost was evaluated by using an attrition test device in the following FIG. 1, and the
results are shown in the following Table 1. More specifically, the rate of catalyst lost was calculated by putting the
prepared coating catalyst into the attrition test device, rotating the device at a rate of 90 rpm for 5 minutes, and measuring
the masses before and after the experiment.

[Table 1]

Type of catalyst Catalyst loss (wt%)

Example 1 3.5

Example 2 1.4

Example 3 5.8

Comparative Example 1 8.0

Comparative Example 2 20.4
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[0063] Further, the results of calculating the conversion of butene, the selectivity of butadiene, and the like by using
GC equipment are shown in the following Table 2. In addition, the internal state of the coating catalyst according to
Example 1 is illustrated in the following FIG. 2, the internal state of the coating catalyst according to Comparative Example
1 is illustrated in the following FIG. 3, and the internal state of the coating catalyst according to Comparative Example
3 is illustrated in the following FIG. 4.
[0064] As in the results in the following FIGS. 2 to 4, the support could be coated with the coating catalyst according
to Example 1 by introducing a larger amount of water than a dry preparation method, such that the catalyst could permeate
the inside of the support. Furthermore, the support was also coated with the coating catalyst according to Comparative
Example 1 by vacuum-evaporating water in the rotary evaporator, such that the catalyst permeated the inside of the
support. However, it can be confirmed that only outer surface of the support is coated with the coating catalyst according
to Comparative Example 3. In particular, it can be confirmed that in Comparative Example 6, water is introduced in
excess, and as a result, the catalyst strength is reduced. Accordingly, by adjusting the weight ratio of the water to 0.15
to 0.3 based on the total weight of the support during the preparation of the ferrite-based coating catalyst as in the
present application, it is possible to improve the catalyst strength of the ferrite-based coating catalyst while maintaining
the catalytic activity thereof.

[0065] As in the results, in an exemplary embodiment of the present application, it can be confirmed that the attrition
property is improved by introducing a suitable amount of water during the preparation of the ferrite-based coating catalyst.
[0066] Furthermore, the ferrite-based coating catalyst according to an exemplary embodiment of the present application
had a catalytic activity equivalent to those of the catalysts in the related art.
[0067] Although the preferred exemplary embodiments of the present invention have been described above, the
present invention is not limited thereto, and various modifications can be made and carried out within the scope of the
claims and the detailed description of the invention, and also fall within the scope of the invention.

Claims

1. A method for preparing a ferrite-based coating catalyst, the method comprising:

mixing a support, a ferrite-based catalyst, and water in a coating machine which is a rotating body,
wherein a weight ratio of the water based on a total weight of the support is 0.15 to 0.3.

2. The method of claim 1, wherein a content of the ferrite-based catalyst in the ferrite-based coating catalyst is 10 wt%
to 40 wt% based on a total weight of the ferrite-based coating catalyst.

3. The method of claim 1, wherein the ferrite-based catalyst is represented by the following Formula 1:

(continued)

Type of catalyst Catalyst loss (wt%)

Comparative Example 3 33.6

Comparative Example 4 37.2

Comparative Example 5 40.8

Comparative Example 6 19.3

[Table 2]

Type of catalyst
Reaction 

temperature (°c)
Conversion (%) of 

butene (%)
Selectivity of 

butadiene (%)
Selectivity of 

COx (%)

Example 1 365 76.3 84.3 14.6

Comparative 
Example 1 335 79.3 83.7 14.1

Comparative 
Example 3 335 77.0 84.1 14.7
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[Formula 1] AFe2O4

in Formula 1, A is Cu, Ra, Ba, Sr, Ca, Cu, Be, Zn, Mg, Mn, Co, or Ni.

4. The method of claim 1, wherein the support comprises one or more of alumina, silica, cordierite, titania, zirconia,
silicon nitride, and silicon carbide.

5. The method of claim 1, further comprising: drying the resulting mixture after the mixing of the support, the ferrite-
based catalyst, and the water.

6. A method for preparing butadiene, the method comprising:

preparing a ferrite-based coating catalyst prepared by the preparation method of any one of claims 1 to 5; and
preparing butadiene by using the ferrite-based coating catalyst in an oxidative dehydrogenation reaction of
butene.
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