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Description

Technical Field

[0001] The present invention relates to a process for producing 2,3,3,3-tetrafluoropropene.

Background Art

[0002] 2,3,3,3-Tetrafluoropropene, which is one of the halopropenes and represented by the chemical formula
CF3CF=CH2 (HFC-1234yf), is a compound useful as a refrigerant, and is drawing attention as a constituent of a refrigerant
or mixed refrigerant that can be used as an alternative for chlorofluorocarbon.
[0003] As one example of a method for producing HFC-1234yf, Patent Literature 1 discloses a method comprising
reacting CF3CH=CHF (HFC-1234ze-E) in the presence of a Cr catalyst in a gas phase, thereby directly producing
CF3CF=CH2 (HFC-1234yf). However, this method is in need of improvement because of low yield. Non-Patent Literature
1 discloses a method comprising reacting a compound represented by the chemical formula CF3CF2CH2X (X = Cl or I)
with zinc (Zn) in ethanol, thereby producing HFC-1234yf in a single reaction step. However, this method is not suitable
for industrial production because of the high cost of zinc, and the production of large amounts of waste.
[0004] Other examples of methods for producing HFC-1234yf include the following. Patent Literature 2 discloses a
method comprising reacting chloromethyl tetrafluoropropanate with amine; Patent Literature 3 discloses a method com-
prising the thermal decomposition of 1-trifluoromethyl-1,2,2-trifluorocyclobutane; Patent Literature 4 discloses a method
comprising reacting chlorotrifluoroethylene (CClF=CF2) and methyl fluoride (CH3F) in the presence of a Lewis acid such
as SbF5; and Patent Literature 5 discloses a method comprising the thermal decomposition of tetrafluoroethylene
(CF2=CF2) and chloromethane (CH3Cl). Non-Patent Literatures 2 and 3 listed below also disclose HFC-1234yf production
methods.
[0005] However, such methods are not considered to be effective for industrial production since the starting materials
are difficult to produce and are not easily obtained, the reaction conditions are severe, the reaction reagents are expensive,
the yield is low, etc.
[0006] Further, Patent Literature 6 discloses a method comprising reacting 2-chloro-3,3,3-trifluoropropene represented
by the chemical formula: CF3CCl=CH2 (HCFC-1233xf) with hydrogen fluoride in a gas phase under a pressurized
condition, thereby producing HFC-1234yf. However, the selectivity of the target compound HFC-1234yf is about 40 to
about 60%; therefore, this method is not considered a production method of HFC-1234yf with high selectivity.

Citation List

Patent Literature

[0007]

PTL 1: US 2008/0058562 A1
PTL 2: Japanese Unexamined Patent Publication No. S63-211245
PTL 3: US Patent No. 3,996,299
PTL 4: US 2006/258891 A1
PTL 5: US Patent No. 2,931,840
PTL 6: WO2009/003084 A1

Non Patent Literatures

[0008]

NPL 1: J. Chem. Soc., 1957, 2193-2197
NPL 2: J. Chem. Soc., 1970, 3, 414-421
NPL 3: J. Fluorine Chem., 1997, 82, 171-174

Summary of Invention

Technical Problem

[0009] The present invention was made in view of the problems of the prior art. A primary object of the present invention
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is to provide an industrially applicable process for effectively producing 2,3,3,3-tetrafluoropropene with high selectivity.

Solution to Problem

[0010] The present inventors conducted extensive research to achieve the above object. As a result, they found that
2,3,3,3-tetrafluoropropene can be prepared at a high selectivity, compared to conventional methods, by using as a
starting material an easily available compound 2-chloro-3,3,3-trifluoropropene represented by the chemical formula
CF3CCl=CH2 (HCFC-1233xf), and allowing the starting material to react with hydrogen fluoride in the presence of a
specific catalyst and oxygen. Specifically, they found that 2,3,3,3-tetrafluoropropene can be prepared with extremely
high selectivity by adjusting the reaction temperature, pressure, oxygen supply amount, and HF supply amount in a
specific range, in the presence of a specific catalyst. Further, they found that 1,1,1,2,2-pentafluoropropane, which is the
main by-product of the product obtained by this method, is effective as such, as an intermediate product that is ex-
changeable for various compounds, and that the target 2,3,3,3-tetrafluoropropene can be efficiently obtained by supplying
1,1,1,2,2-pentafluoropropane, which is isolated from the reaction product, to the starting material 2-chloro-3,3,3-trifluor-
opropene.
[0011] The present inventors conducted further research based on the above findings, and the present invention was
thus accomplished. That is, the present invention provides the process for producing 2,3,3,3-tetrafluoropropene shown
below.

1. A process for producing 2,3,3,3-tetrafluoropropene comprising reacting 2-chloro-3,3,3-trifluoropropene with hy-
drogen fluoride in the presence of oxygen and a catalyst comprising chromium oxide represented by a composition
formula: CrOm (1.5<m<3), or fluorinated chromium oxide obtained by fluorinating the chromium oxide.
2. The process according to Item 1, wherein the reaction is conducted at a reaction temperature of 330 to 380°C,
under a pressure of 0.08 to 0.2 MPa, using oxygen in an amount of 0.1 to 1 mol, and hydrogen fluoride in an amount
of 4 to 30 mol, per mol of 2-chloro-3,3,3-trifluoropropene.
3. A process according to Item 1 or 2, further comprising the steps of:

separating a reaction mixture comprising 2,3,3,3-tetrafluoropropene into a component A comprising 2-chloro-
3,3,3-trifluoropropene, a component B comprising 1,1,1,2,2-pentafluoropropane, and a component C comprising
2,3,3,3-tetrafluoropropene; and
supplying the component(s) A and/or B to 2-chloro-3,3,3-trifluoropropene used as a starting material.

4. A process according to Item 1 or 2, further comprising the steps of:

separating a reaction mixture comprising 2,3,3,3-tetrafluoropropene into a component A comprising 2-chloro-
3,3,3-trifluoropropene, a component B comprising 1,1,1,2,2-pentafluoropropane, and a component C comprising
2,3,3,3-tetrafluoropropene,
collecting the 1,1,1,2,2-pentafluoropropane from the component B, and
supplying the component(s) A and/or C to 2-chloro-3,3,3-trifluoropropene used as a starting material.

[0012] The process for preparing 2,3,3,3-tetrafluoropropene according to the invention is described below in detail.
[0013] In the process of the present invention, 2-chloro-3,3,3-trifluoropropene, which is used as a starting material, is
reacted with hydrogen fluoride (HF) in the presence of a specific catalyst and oxygen.

(1) Starting material compound

[0014] 2-Chloro-3,3,3-trifluoropropene that is used as a starting material is a known compound easily obtained on an
industrial scale. Such a compound is obtained by, for example, performing fluorination and dehydrochlorination in the
presence of hydrogen fluoride, using CCl3CHClCH2Cl (240ab) etc. as a starting material.

(2) Catalyst

[0015] In the present invention, usable as a catalyst is chromium oxide represented by the composition formula CrOm,
wherein m is in the range of 1.5<m<3, or fluorinated chromium oxide obtained by fluorinating the aforementioned chro-
mium oxide.
[0016] Using such a specific catalyst, the 2-chloro-3,3,3-trifluoropropene is reacted with hydrogen fluoride (HF) in the
presence of oxygen, thereby obtaining the target 2,3,3,3-tetrafluoropropene with high selectivity.
[0017] In the chromium oxide catalyst represented by the composition formula CrOm, m is in the range of 1.5<m<3,
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preferably 1.8≤m≤2.5, and more preferably 2.0≤m≤2.3. An example of the preparation method of such chrome oxide is
as follows:
[0018] First, an aqueous chromium salt solution (chromium nitrate, chromium chloride, chromium alum, chromium
sulfate, or the like) and aqueous ammonia are mixed to obtain a precipitate of chromium hydroxide. For example, a
precipitate of chromium hydroxide may be obtained by adding, to a 5.7% aqueous chromium nitrate solution, 10%
aqueous ammonia dropwise in an amount of from 1 to about 1.2 equivalents of ammonia per equivalent of chromium
nitrate. The properties of chromium hydroxide may be controlled by the reaction rate during the precipitation. The reaction
rate is preferably fast; and the faster the reaction rate, the better the catalytic activity. The reaction rate varies depending
on the temperature of the reaction solution, mixing procedure (mixing speed) of the aqueous ammonia, stirring conditions,
etc. Accordingly, by adjusting these conditions, the reaction rate is controlled.
[0019] The obtained precipitate is filtrated, washed, and then dried. The drying may be carried out, for example, in air,
at about 70 to about 200°C, particularly at about 120°C, for about 1 to about 100 hours, particularly about 12 hours. The
product at this stage is referred to as in a chromium hydroxide state. Subsequently, the product is disintegrated into a
powder. The rate of the precipitation is adjusted so that the disintegrated powder (for example, having a particle diameter
of 1,000 mm or less, and 95% of the disintegrated powder having a particle diameter of from 46 to 1,000 mm) has a
density of about 0.6 to about 1.1 g/ml, preferably about 0.6 to about 1.0 g/ml. A powder density of less than 0.6 g/ml is
not preferable, since the pellet strength will be insufficient. Conversely, a powder density of more than 1.1 g/ml is also
not preferable, since the catalyst activity will be degraded, and the pellets will break easily. The specific surface area of
the powder is preferably about 100 m2/g or more, and more preferably about 120 m2/g or more, under degassing
conditions at 200°C for 80 minutes. The specific surface area used herein is referred to as a value measured by the
BET method.
[0020] The obtained chromium hydroxide powder is formed into pellets by means of a tableting machine. If necessary,
the chromium hydroxide powder may be mixed with graphite in an amount of about 3 wt.% or less. The pellets may have
a diameter of, for example, about 3.0 mm, and a height of about 3.0 mm. The pellets preferably have a compressive
strength (pellet strength) of about 210640 kg/cm2. An overly high compressive strength lowers the contact efficiency of
the gas to decrease the catalytic activity, and makes the pellets easily breakable. Conversely, an overly low compressive
strength causes the pellets to be easily pulverized, making handling difficult.
[0021] The formed pellets are calcined in an inert atmosphere, e.g., in a nitrogen stream, to yield an amorphous
chromium oxide. The calcination temperature is preferably 360°C or more. When the temperature is overly high, the
pellets will be crystallized. For this reason, the temperature is preferably as high as possible within a range that can
prevent crystallization. For example, the calcination may be performed at about 380 to about 460°C, preferably at about
400°C, for about 1 to about 5 hours, preferably for about 2 hours.
[0022] The specific surface area of the calcined chromium oxide may be about 170 m2/g or more, preferably about
180 m2/g or more, and more preferably about 200 m2/g or more. The upper limit of the specific surface area may be
about 240 m2/g, and more preferably about 220 m2/g. A specific surface area of more than 240 m2/g results in an
increased deterioration rate, in spite of the enhanced catalytic activity. Conversely, a specific surface area of less than
170 m2/g results in decreased catalytic activity, and is thus not preferable.
[0023] A fluorinated chromium oxide may be prepared according to the method disclosed in Japanese Unexamined
Patent Publication No. H5-146680. For example, the chromium oxide obtained by the above method is fluorinated with
hydrogen fluoride (HF treatment) to thereby obtain a fluorinated chromium oxide. The fluorination temperature may be
adjusted so that the water to be generated is not condensed (for example, about 150°C at 0.1 MPa). The upper limit of
the temperature may be adjusted to a value where the catalyst does not undergo crystallization due to the heat of
reaction. The pressure during the fluorination is not limited, but is preferably the same as the pressure for the catalytic
reaction. The fluorination temperature may be, for example, about 100 to about 460°C.
[0024] The surface area of the catalyst is reduced by fluorination treatment. Generally, a greater specific surface area
leads to higher catalytic activity. The specific surface area after fluorination may preferably be about 25 to about 130
m2/g, and more preferably about 40 to about 100 m2/g, but is not limited to this range.
[0025] The fluorination reaction of the chromium oxide may be carried out by supplying hydrogen fluoride to a reactor
containing chromium oxide, prior to the reaction for producing 2,3,3,3-tetrafluoropropene. After the chromium oxide is
fluorinated as above, the starting material is supplied to the reactor, thereby advancing the reaction for producing 2,3,3,3-
tetrafluoropropene.
[0026] The fluorination may be performed to any extent, but the fluorine content is preferably about 10 to about 30 wt.%.
[0027] The chromium catalysts disclosed in Japanese Unexamined Patent Publication No. H11-171806 may also be
used as a chromium oxide catalyst or fluorinated chromium oxide catalyst. Specifically, the chromium catalysts, which
are in an amorphous state, comprise a chromium compound as a main component, to which at least one metal element
selected from the group consisting of indium, gallium, cobalt, nickel, zinc and aluminum is added, wherein the average
valence of the chromium in the chromium compound is +3.5 or more and +5.0 or less.
[0028] The catalyst comprising the chromium oxide or fluorinated chromium oxide mentioned above may be supported
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on a carrier such as alumina, activated carbon, and the like.

(3) Process for preparing 2,3,3,3-tetrafluoropropene

[0029] In the process of the present invention, the 2-chloro-3,3,3-trifluoropropene that is used as a starting material
is reacted with hydrogen fluoride (HF) in the presence of oxygen and a catalyst comprising the chromium oxide or
fluorinated chromium oxide.
[0030] The specific embodiment of the treatment process is not particularly limited. For example, a catalyst is placed
into a tubular flow reactor, and then a starting material 2-chloro-3,3,3-trifluoropropene and hydrogen fluoride are intro-
duced into the reactor together with oxygen to be reacted in a gas phase. Examples of the flow reactors include adiabatic
reactors, multitubular reactors cooled using a heat transmitting medium, and the like. The reactors usable herein are
preferably made of a material resistant to the corrosive action of hydrogen fluoride, such as Hastelloy, Inconel, Monel,
or the like
[0031] The starting material mentioned above may be supplied to the reactor as is, or after being diluted with an inert
gas, such as nitrogen, helium, argon, or the like.
[0032] The reaction conditions are not particularly limited; however, the reaction temperature is generally in the range
of about 50 to about 500°C, preferably about 150 to about 450°C, and more preferably about 200 to about 380°C. When
the reaction temperature is higher than the above range, the amount of unfavorable by-product is increased; whereas
when the reaction temperature is lower than the above range, the conversion rate of the starting material is decreased.
A reaction temperature outside the above range is thus not preferable.
[0033] The oxygen supply amount may be set to about 0.05 to about 1 mol per mol of 2-chloro-3,3,3-trifluoropropene.
When the amount of oxygen is low, the improvement effect in selectivity is low, whereas when the amount of oxygen is
overly high, the oxygen is reacted with hydrogen chloride to generate water and chlorine, which advances unfavorable
side reactions due to the generated chlorine. An oxygen supply amount outside the above range is thus not preferable.
[0034] The supply amount of hydrogen fluoride may be generally set to about 1.5 to about 100 mol per mol of 2-chloro-
3,3,3-trifluoropropene.
[0035] To enhance the selectivity of the target 2,3,3,3-tetrafluoropropene, it is preferable to supply oxygen in an amount
of about 0.1 to about 0.8 mol, and hydrogen fluoride in an amount of about 4 to about 30 mol per mol of 2-chloro-3,3,3-
trifluoropropene; and it is more preferable to supply oxygen in an amount of about 0.15 to about 0.7 mol, and hydrogen
fluoride in an amount of about 6 to about 20 mol per mol of 2-chloro-3,3,3-trifluoropropene.
[0036] The reaction temperature is preferably in the range of about 300°C to about 380°C, and more preferably in the
range of about 330°C to about 380°C. The pressure during the reaction is preferably about 0.05 to about 0.2 MPa; a
pressure at around atmospheric pressure is more preferable.
[0037] By using the specific chromium oxide, or the fluorinated chromium oxide as a catalyst, and by adjusting the
oxygen supply amount, hydrogen fluoride supply amount, reaction temperature, and pressure in the above-mentioned
range, the target 2,3,3,3-tetrafluoropropene can be obtained with particularly high selectivity, e.g., a selectivity of about
65% or more.
[0038] The reaction time is not particularly limited, but the contact time, which is represented by W/Fo, is generally
about 0.1 to about 100 g·sec/cc, and preferably about 1.0 to about 50 g·sec/cc. W/Fo represents a ratio of a catalyst
filling amount W (g) to the total flow rate (Fo) (flow rate at 0°C, 0.1 MPa: cc/sec) of starting material gas flowing to a
reaction system. The total flow rate (Fo) refers to the flow rate of 2-chloro-3,3,3-trifluoropropene, hydrogen fluoride, and
oxygen.

(4) Reaction mixture

[0039] According to the above method, the target 2,3,3,3-tetrafluoropropene can be obtained at a high selectivity, i.e.,
a selectivity exceeding 65%, by suitably adjusting the reaction conditions.
[0040] The target 2,3,3,3-tetrafluoropropene can be isolated from the reaction mixture using known isolation means,
such as distillation, liquid separation, extraction, extractive distillation, etc. The resulting 2,3,3,3-tetrafluoropropene can
be effectively used as a constituent of a refrigerant or mixed refrigerant that can be used as an alternative for chlorofluor-
ocarbon.

(5) Process of circulation

[0041] The product obtained by the process of the present invention includes the target 2,3,3,3-tetrafluoropropene
and the main by-product 1,1,1,2,2-pentafluoropropane represented by the chemical formula: CF3CF2CH2 (HFC-245cb).
In addition to the above, the product also includes 1,3,3,3-tetrafluoropropene (HFC-1234ze-E+Z), 1-chloro-3,3,3-trifluor-
opropene (HCFC-1233zd-E+Z), 1,1,1,3,3-pentafluoropropane (HFC-245fa), etc. Of these, the main by-product 1,1,1,2,2-
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pentafluoropropane itself is a useful compound as an intermediate product that is convertible for various compounds.
Additionally, by supplying 1,1,1,2,2-pentafluoropropane that is isolated from the reaction mixture to the starting material
2-chloro-3,3,3-trifluoropropene, the entire reaction yield can be enhanced.
[0042] There is no limitation on the method for supplying 1,1,1,2,2-pentafluoropropane. For example, 1,1,1,2,2-pen-
tafluoropropane may be supplied by the following method.
[0043] First, the product obtained by the process of the present invention is separated into a component A containing
the starting material 2-chloro-3,3,3-trifluoropropene, a component B containing 1,1,1,2,2-pentafluoropropane, and a
component C containing 2,3,3,3-tetrafluoropropene.
[0044] The separation method is not particularly limited, and can be suitably selected from, for example, distillation,
liquid separation, extraction, extractive distillation, etc.
[0045] In particular, when separation is conducted by distillation, the component A containing the starting material 2-
chloro-3,3,3-trifluoropropene (HCFC-1233xf) (boiling point: 14°C), 1-chloro-3,3,3-trifluoropropene (HCFC-1233zd-E+Z)
(boiling point of E-isomer: 17°C, Z-isomer: 35°C), 1,1,1,3,3-pentafluoropropane (HFC-245fa) (boiling point: 15°C) and
1,3,3,3-tetrafluoropropene (HFC-1234ze-Z) (boiling point of Z-isomer: 9°C) is collected from the bottom of the distillation
column; the component B containing 1,3,3,3-tetrafluoropropene (HFC-1234ze-E) (boiling point of E-isomer: -19°C) and
1,1,1,2,2-pentafluoropropane (HFC-245cb) (boiling point: -18°C) is collected from the middle of the distillation column;
and the component C containing 2,3,3,3-tetrafluoropropene (HFC-1234yf) (boiling point: -28.3°C) is collected from the
top of the distillation column. Because hydrogen fluoride (boiling point: 19.4°C) forms an azeotrope with 2,3,3,3-tetrafluor-
opropene, hydrogen fluoride is contained in both the component at the top of the column and the component at the
bottom of the column. The hydrogen fluoride may be removed by washing with water or the like prior to the aforementioned
separation treatment.
[0046] The components each obtained as above are, for example, treated according to the flow chart of Fig. 1, thereby
collecting the target product 2,3,3,3-tetrafluoropropene. According to the flow chart of Fig. 1, the component C in the
top of the distillation column 1 is transferred to the distillation column 2 to undergo distillation, allowing the target product
2,3,3,3-tetrafluoropropene to be collected from the top of the distillation column. The component B in the middle of the
distillation column is transferred to a fluorination reactor, allowing the by-product 1,1,1,2,2-pentafluoropropane to be
supplied to the starting material for effective use. The component A in the bottom of the distillation column is also
transferred to the fluorination reactor to be supplied to the starting material, allowing the unreacted starting material 2-
chloro-3,3,3-trifluoropropene in the component A to be used effectively.
[0047] According to the flow chart of Fig. 2, 1,1,1,2,2-pentafluoropropane (HFC-245cb) can be isolated and effectively
used. Therefore, the process of the present invention is also applicable to the production of 1,1,1,2,2-pentafluoropropane.
According to the flow chart of Fig. 2, the component B in the middle of the distillation column 1 is transferred to the
distillation column 2 to undergo distillation, allowing 1,1,1,2,2-pentafluoropropane (HFC-245cb) to be collected from the
bottom of the distillation column. The component A in the bottom of the distillation column 1 and the component C in the
top of the distillation column 1 can be effectively used by supplying them to the fluorination reactor.
[0048] When 1,1,1,2,2-pentafluoropropane is isolated in accordance with the flow chart of Fig. 2, it is preferable to set
the supply amount of hydrogen fluoride to about 4 to about 20 mol per mol of 2-chloro-3,3,3-trifluoropropene, and the
reaction temperature to about 200°C to about 330°C, in the production process of the present invention. By employing
such reaction conditions, the selectivity of 1,1,1,2,2-pentafluoropropane is increased, thus ensuring the effective pro-
duction of 1,1,1,2,2-pentafluoropropane.

Advantageous Effects of Invention

[0049] The process of the present invention ensures the effective and selective production of 2,3,3,3-tetrafluoropro-
pene.

Brief Description of Drawings

[0050]

Fig. 1 is a flow chart showing an embodiment of the production process of the present invention.
Fig. 2 is a flow chart showing another embodiment of the production process of the present invention.

Description of Embodiments

[0051] Hereinbelow, the present invention is described in detail with reference to examples.
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Example 1

Production of 2,3,3,3-tetrafluoropropene

[0052] A 13.7 g amount of catalyst (fluorine content: about 15.0 wt.%) obtained by subjecting a chromium oxide
represented by the composition formula CrO2.0 to fluorination treatment was placed into a tubular Hastelloy reactor
having an inside diameter of 15 mm and a length of 1 m. While the reactor was maintained at atmospheric pressure (0.1
MPa) at 360°C, 76 cc/min of anhydrous hydrogen fluoride (HF) (flow rate at 0°C, 0.1 MPa) was supplied to the reactor
for 1 hour, and then 2.4 cc/min of oxygen (flow rate at 0°C, 0.1 MPa) was supplied to the reactor for 0.5 hours. Thereafter,
while continuing the supply of HF and oxygen, 2-chloro-3,3,3-trifluoropropene was supplied at a rate of 4.7 cc/min (flow
rate at 0°C, 0.1 MPa), and the reactor temperature was changed to 365°C; thereby a reaction was initiated. The molar
ratio of HF to 2-chloro-3,3,3-trifluoropropene was 16, the oxygen amount was 50 mol% relative to 2-chloro-3,3,3-trifluor-
opropene, and the contact time (W/F0) was 10 g·sec/cc. 45 hours later, the outflow from the reactor was analyzed using
gas chromatography. Table 1 shows the results.
[0053] The structures of the resulting products were as follows.

CF3CF=CH2 (HFC-1234yf)
CF3CF2CH3 (HFC-245cb)
CF3CH=CH2 (HFC-1243zf)
CF3CH=CHF (HFC-1234ze-E)
CF3CH=CHF (HFC-1234ze-Z)
CF3CH=CHCl (HCFC-1233zd-E)
CF3CH=CHCl (HCFC-1233zd-Z)
CF3CCl=CHCl (HCFC-1223xd)
CF3CH2CHF2 (HFC-245fa)

Example 2

[0054] The same process was carried out in the same manner as in Example 1, except that the flow rate of the oxygen
was changed to 0.9 cc/min. The molar ratio of HF to 2-chloro-3,3,3-trifluoropropene was 16, the oxygen amount was 20
mol% relative to 2-chloro-3,3,3-trifluoropropene, and the contact time (W/F0) was 10 g·sec/cc. 29 hours later, the outflow
from the reactor was analyzed using gas chromatography. Table 1 shows the results of the analysis.

Example 3

[0055] An 8.4 g amount of catalyst (fluorine content: about 15.0 wt.%) obtained by subjecting a chromium oxide
represented by the composition formula CrO2.0 to fluorination treatment was placed into a tubular Hastelloy reactor
having an inside diameter of 15 mm and a length of 1 m. While the reactor was maintained at atmospheric pressure (0.1
MPa) at 345°C, 76 cc/min of anhydrous hydrogen fluoride (HF) (flow rate at 0°C, 0.1 MPa) was supplied to the reactor
for 1 hour, and then 1.9 cc/min of oxygen (flow rate at 0°C, 0.1 MPa) was supplied to the reactor for 0.5 hours. Thereafter,
while continuing the supply of HF and oxygen, 2-chloro-3,3,3-trifluoropropene was supplied at a rate of 9.6 cc/min (flow
rate at 0°C, 0.1 MPa), and the reactor temperature was changed to 350°C; thereby a reaction was initiated. The molar
ratio of HF to 2-chloro-3,3,3-trifluoropropene was 8, the oxygen amount was 20 mol% relative to 2-chloro-3,3,3-trifluor-
opropene, and the contact time (W/F0) was 5.8 g·sec/cc. 45 hours later, the outflow from the reactor was analyzed using
gas chromatography. Table 1 shows the results of the analysis.

Example 4

[0056] A 27.6 g amount of catalyst (fluorine content: about 15.0 wt.%) obtained by subjecting a chromium oxide
represented by the composition formula CrO2.0 to fluorination treatment was placed into a tubular Hastelloy reactor
having an inside diameter of 15 mm and a length of 1 m. While the reactor was maintained at atmospheric pressure (0.1
MPa) at 370°C, 154 cc/min of anhydrous hydrogen fluoride (HF) (flow rate at 0°C, 0.1 MPa) was supplied to the reactor
for 1 hour, and then 1.9 cc/min of oxygen (flow rate at 0°C, 0.1 MPa) was supplied to the reactor for 0.5 hours. Thereafter,
while continuing the supply of HF and oxygen, 2-chloro-3,3,3-trifluoropropene was supplied at a rate of 11.6 cc/min (flow
rate at 0°C, 0.1 MPa), and the reactor temperature was changed to 380°C; thereby a reaction was initiated. The molar
ratio of HF to 2-chloro-3,3,3-trifluoropropene was 13, the oxygen amount was 16 mol% relative to 2-chloro-3,3,3-trifluor-
opropene, and the contact time (W/F0) was 10 g·sec/cc. 22 hours later, the outflow from the reactor was analyzed using
gas chromatography. Table 1 shows the results of the analysis.
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Comparative Example 1

[0057] A 16.8 g amount of catalyst (fluorine content: about 15.0 wt.%) obtained by subjecting a chromium oxide
represented by the composition formula CrO2.0 to fluorination treatment was placed into a tubular Hastelloy reactor
having an inside diameter of 15 mm and a length of 1 m. While the reactor was maintained at atmospheric pressure (0.1
MPa) at 340°C, 40 cc/min of anhydrous hydrogen fluoride (HF) (flow rate at 0°C, 0.1 MPa) was supplied to the reactor
for 1 hour, and no oxygen was supplied. Thereafter, while continuing the supply of HF, 2-chloro-3,3,3-trifluoropropene
was supplied at a rate of 12.0 cc/min (flow rate at 0°C, 0.1 MPa), and the reactor temperature was changed to 350°C;
thereby a reaction was initiated. The molar ratio of HF to 2-chloro-3,3,3-trifluoropropene was 3.3, and the contact time
(W/F0) was 19 g·sec/cc. 7 hours later, the outflow from the reactor was analyzed using gas chromatography. Table 1
shows the results of the analysis.

Comparative Example 2

[0058] The same process was carried out in the same manner as in Comparative Example 1, except that the reaction
temperature was changed to 300°C. 10 hours later, the outflow from the reactor was analyzed using gas chromatography.
Table 1 shows the results of the analysis.

[0059] Table 1 shows that, according to Examples 1 to 4, HFC-1234yf was obtained with high selectivity, and the
generation of unfavorable by-products was kept low. Table 1 also reveals that, according to Comparative Examples 1
and 2, 1234yf was obtained at a low yield, and the amount of unfavorable by-products was high.

Example 5

[0060] A 19.1 g amount of catalyst (fluorine content: about 15.0 wt.%) obtained by subjecting a chromium oxide
represented by the composition formula CrO2.0 to fluorination treatment was placed into a tubular Hastelloy reactor
having an inside diameter of 15 mm and a length of 1 m. While the reactor was maintained at atmospheric pressure (0.1
MPa) at 290°C, 46 cc/min of anhydrous hydrogen fluoride (HF) (flow rate at 0°C, 0.1 MPa) was supplied to the reactor

Table 1

Example Comparative Example

Ex.1 Ex.2 Ex.3 Ex.4 Comp. Ex.5 Comp. Ex.6

Reaction Temperature (°C) 365 365 350 380 350 300

Reaction Time (hr) 45 29 45 22 7 10

HF molar ratio 16 16 8 13 3 3

W/F0 (g·sec/cc) 10 10 5.8 10 19 19

Amount of O2 (mol%) 50 20 20 16 0 0

CF3CCl=CH2 Conversion (%) 37.8 24.9 6.2 40.8 3.5 1.4

Product Selectivity (%)

HFC-1234yf 75.2 76.7 79.3 68.7 61.4 48.4

HFC-245cb 15.3 15.6 12.4 13.7 12.9 17.7

HFC-1243zf 0.1 0.1 0.1 0.3 8.8 1.9

HFC-1234ze-E 1.9 1.8 3.1 5.6 1.8 0.7

HFC-1234ze-Z 1.4 1.3 0.7 1.5 1.1 0.0

HCFC-1233zd-E 1.5 1.0 0.5 3.4 1.4 0.0

HCFC-1233zd-Z 0.3 0.2 0.1 0.5 0.0 0.0

HCFC-1223xd 0.3 0.2 0.1 0.9 0.1 0.6

HFC-245fa 0.1 0.1 0.1 0.1 0.0 0.0

Others 3.9 3.0 3.6 5.3 12.5 30.7
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for 1 hour, and then 1.9 cc/min of oxygen (flow rate at 0°C, 0.1 MPa) was supplied to the reactor for 0.5 hours. Thereafter,
while continuing the supply of HF and oxygen, 2-chloro-3,3,3-trifluoropropene was supplied at a rate of 11.6 cc/min (flow
rate at 0°C, 0.1 MPa), and the reactor temperature was changed to 300°C; thereby a reaction was initiated. The molar
ratio of HF to 2-chloro-3,3,3-trifluoropropene was 4, the oxygen amount was 16 mol% relative to 2-chloro-3,3,3-trifluor-
opropene, and the contact time (W/F0) was 19 g·sec/cc. 4 hours later, the outflow from the reactor was analyzed using
gas chromatography. Table 2 shows the results of the analysis.

Example 6

[0061] A 33.1 g amount of catalyst (fluorine content: about 15.0 wt.%) obtained by subjecting a chromium oxide
represented by the composition formula CrO2.0 to fluorination treatment was placed into a tubular Hastelloy reactor
having an inside diameter of 20 mm and a length of 1 m. While the reactor was maintained at atmospheric pressure (0.1
MPa) at 240°C, 80 cc/min of anhydrous hydrogen fluoride (HF) (flow rate at 0°C, 0.1 MPa) was supplied to the reactor
for 1 hour, and then 1.9 cc/min of oxygen (flow rate at 0°C, 0.1 MPa) and 238 cc/min of nitrogen (flow rate at 0°C, 0.1
MPa) were supplied to the reactor for 0.5 hours. Thereafter, while continuing the supply of HF, oxygen and nitrogen, 2-
chloro-3,3,3-trifluoropropene was supplied at a rate of 12.0 cc/min (flow rate at 0°C, 0.1 MPa), and the reactor temperature
was changed to 250°C; thereby a reaction was initiated. The molar ratio of HF to 2-chloro-3,3,3-trifluoropropene was 7,
the oxygen amount was 16 mol% relative to 2-chloro-3,3,3-trifluoropropene and the contact time (W/F0) was 6 g·sec/cc.
21 hours later, the outflow from the reactor was analyzed using gas chromatography. Table 2 shows the results.

Claims

1. A process for producing 2,3,3,3-tetrafluoropropene comprising reacting 2-chloro-3,3,3-trifluoropropene with hydro-
gen fluoride in the presence of oxygen and a catalyst comprising chromium oxide represented by a composition
formula: CrOm (1.5<m<3), or fluorinated chromium oxide obtained by fluorinating the chromium oxide.

2. The process according to claim 1, wherein the reaction is conducted at a reaction temperature of 330 to 380°C,

Table 2

Example

Ex.5 Ex.6

Reaction Temperature (°C) 300 250

Reaction Time (hr) 4 21

HF molar ratio 4 7

W/F0 (g·sec/cc) 19 6

Amount of O2 (mol%) 16 16

CF3CCl=CH2 Conversion (%) 9.2 5.9

Product Selectivity (%)

HFC-1234yf 44.0 26.9

HFC-245cb 48.6 60.6

HFC-1243zf 0.1 0.0

HFC-1234ze-E 0.2 0.3

HFC-1234ze-Z 0.1 0.1

HCFC-1233zd-E 0.4 0.8

HCFC-1233zd-Z 0.1 0.2

HCFC-1223xd 0.1 0.7

HFC-245fa 0.0 0.1

Others 6.4 10.3
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under a pressure of 0.08 to 0.2 MPa, using oxygen in an amount of 0.1 to 1 mol, and hydrogen fluoride in an amount
of 4 to 30 mol, per mol of 2-chloro-3,3,3-trifluoropropene.

3. A process according to claim 1 or 2, further comprising the steps of:

separating a reaction mixture comprising 2,3,3,3-tetrafluoropropene into a component A comprising 2-chloro-
3,3,3-trifluoropropene, a component B comprising 1,1,1,2,2-pentafluoropropane, and a component C comprising
2,3,3,3-tetrafluoropropene; and supplying the component(s) A and/or B to 2-chloro-3,3,3-trifluoropropene used
as a starting material.

4. A process according to claim 1 or 2, further comprising the steps of:

separating a reaction mixture comprising 2,3,3,3-tetrafluoropropene into a component A comprising 2-chloro-
3,3,3-trifluoropropene, a component B comprising 1,1,1,2,2-pentafluoropropane, and a component C comprising
2,3,3,3-tetrafluoropropene, collecting the 1,1,1,2,2-pentafluoropropane from the component B, and
supplying the component(s) A and/or C to 2-chloro-3,3,3-trifluoropropene used as a starting material.

Patentansprüche

1. Verfahren zur Herstellung von 2,3,3,3-Tetrafluorpropen, umfassend die Umsetzung von 2-Chlor-3,3,3-trifluorpropen
mit Fluorwasserstoff in Gegenwart von Sauerstoff und einem Katalysator, umfassend Chromoxid der Zusammen-
setzungsformel CrOm (1,5 < m < 3) oder fluoriertes Chromoxid, das durch Fluorierung von Chromoxid erhalten wurde.

2. Verfahren gemäss Anspruch 1, wobei die Umsetzung bei einer Reaktionstemperatur von 330 bis 380°C unter einem
Druck von 0,08 bis 0,2 MPa unter Verwendung von Sauerstoff in einer Menge von 0,1 bis 1 mol und Fluorwasserstoff
in einer Menge von 4 bis 30 mol pro Mol 2-Chlor-3,3,3-trifluorpropen durchgeführt wird.

3. Verfahren gemäss Anspruch 1 oder 2, das ferner die Schritte umfasst:

Trennen einer Reaktionsmischung, umfassend 2,3,3,3-Tetrafluorpropen, in eine Komponente A, umfassend 2-
Chlor-3,3,3-trifluorpropen, eine Komponente B, umfassend 1,1,1,2,2-Pentafluorpropan, und eine Komponente
C, umfassend 2,3,3,3-Tetrafluorpropen; und
Zuführen der Komponente(n) A und/oder B zu 2-Chlor-3,3,3-trifluorpropen, das als Ausgangsmaterial verwendet
wird.

4. Verfahren gemäss Anspruch 1 oder 2, das ferner die Schritte umfasst:

Trennen einer Reaktionsmischung, umfassend 2,3,3,3-Tetrafluorpropen, in eine Komponente A, umfassend 2-
Chlor-3,3,3-trifluorpropen, eine Komponente B, umfassend 1,1,1,2,2-Pentafluorpropan, und eine Komponente
C, umfassend 2,3,3,3-Tetrafluorpropen, Sammeln von 1,1,1,2,2-Pentafluorpropan aus der Komponente B, und
Zuführen der Komponente(n) A und/oder C zu 2-Chlor-3,3,3-trifluorpropen, das als Ausgangsmaterial verwendet
wird.

Revendications

1. Procédé de production de 2,3,3,3-tétrafluoropropène comprenant la réaction de 2-chloro-3,3,3-trifluoropropène avec
du fluorure d’hydrogène en présence d’oxygène et d’un catalyseur comprenant de l’oxyde de chrome représenté
par une formule de composition : CrOm (1,5 < m < 3), ou de l’oxyde de chrome fluoré obtenu par fluoration de
l’oxyde de chrome.

2. Procédé selon la revendication 1, dans lequel la réaction est conduite à une température de réaction de 330 à 380
°C, sous une pression de 0,08 à 0,2 MPa, en utilisant de l’oxygène dans une quantité de 0,1 à 1 mol, et du fluorure
d’hydrogène dans une quantité de 4 à 30 mol, par mol de 2-chloro-3,3,3-trifluoropropène.

3. Procédé selon la revendication 1 ou 2, comprenant en outre les étapes suivantes :
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la séparation d’un mélange réactionnel comprenant du 2,3,3,3-tétrafluoropropène en un composant A compre-
nant du 2-chloro-3,3,3-trifluoropropène, une composant B comprenant du 1,1,1,2,2-pentafluoropropane, et un
composant C comprenant du 2,3,3,3-tétrafluoropropène ; et
la fourniture du ou des composants A et/ou B à du 2-chloro-3,3,3-trifluoropropène utilisé comme matériau de
départ.

4. Procédé selon la revendication 1 ou 2, comprenant en outre les étapes suivantes :

la séparation d’un mélange réactionnel comprenant du 2,3,3,3-tétrafluoropropène en un composant A compre-
nant du 2-chloro-3,3,3-trifluoropropène, un composant B comprenant du 1,1,1,2, 2-pentafluoropropane, et un
composant C comprenant du 2,3,3,3-tétrafluoropropène,
le recueil du 1,1,1,2,2-pentafluoropropane à partir du composant B, et
la fourniture du ou des composants A et/ou C à du 2-chloro-3,3,3-trifluoropropène utilisé en tant que matériau
de départ.
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