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_ Descript
- Title of Invention: PROCESS FOR
OLEFIN

Technical Field

The present invention

PCT/JP2010/051300

ion

PREPARING FLUORINE-CONTAINING

relates to a process for

preparing a fluorine-containing olefin.

Background Art

Fluorine-containing olefin compounds are useful as

monomer components for polymer materials, and are also widely

used industrially as raw

hydrofluorocarbons (HFC) and the

materials for producing

like, which are used for

refrigerants, cleaning agents, foaming agents and the like.

Particularly, a fluorine-containing propylene compound

represented by the chemical formula CF;CF=CH, exhibits a low

toxicity and low global warming

potential. Therefore, this

compound is drawing attention as a promising alternative solvent.

Accordingly, a method of producing CF3;CF=CH, with high selectivity

in a single reaction step while using inexpensive materials and

maintaining industrially advantageous conditions is desired.

Preparing a fluorine-containing olefin by substituting

the hydroxy group of a fluorine-containing alcohol with a halogen,

followed by dehalogenation of the obtained halogenide in the

presence of zinc or a like metal is

a known method.

A method that can be used for producing a halogenide is

disclosed, for example, in Nonpatent Literature (NPL) 1 1listed

below. In this method, a fluorine-

containing alcohol represented

by R¢CF,CH,OH, wherein R¢f is a fluorine-containing hydrdcarbon

group, is converted into a p-toluene sulfonic acid ester, and the

obtained p-toluene sulfonic acid ester 1is reacted with a

halogenide, such as sodium iodide,

thereby producing an iodide

represented by R F,CH,I. This method is useful as a laboratory

method; however, it requires an expensive reagent, such as p-

toluene sulfonic acid chloride,

in the first reaction step.
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Furthermore, the second reaction step also uses an expensive
reagent, such as sodium iodide, and the reaction is carried out
at a high temperature using a solvent having a high boiling point,
such as diethylene glycol. Therefore, this method requires the
disposal of a large amount of waste reaction liquid that has a
high boiling point. For these reasons, the method disclosed in
Nonpatent Literature 1 is not appropriate for industrial
production.

Patent Literature (PTL) 1 1listed below discloses
another example of a halogenide production process in which a
fluorine-containing alcohol represented by ReCF,CH,OH is reacted
with a thionyl halide in the presence of an amide égmpound,
thereby synthesizing a halogenide represented by R¢CF,CHX, wherein
X 1s Cl1 or Br. Although this reaction is simpler than the
aforementioned method, it has some disadvantages. For example,
the method uses a toxic compound such as thionyl chloride, and
produces a large amount of acid gas. Accordingly, this method is
also not appropriate for industrial production.

The halogenide obtained through the above method can be
converted into an olefin compound represented by Rf CF=CH, by
subjecting it to a dehalogenation reaction in the presence of
zinc. However, when the halogenide represented by R CF,CH,X is a
chloride, the reaction speed is extremely low, and therefore the
yield of the fluorine-containing olefin tends to decrease.
Moreover, because the dehalogenation reaction generally uses an
organic solvent such as methanol, tetrahydrofuran, dimethyl
formamide or the like, waste solvent treatment is necessitated
and a treatment for discarding zinc halide containing unreacted
zinc 1is required. Further, since the method through the
preparation of a halogenide requires reacting the fluorine-
containing alcohol in two or more steps, the desirable efficiency
is not ensured.

Furthermore, Patent Literature (PTL) 2 listed below
discloses a method of reacting a fluorine-containing alcohol,

such as H(CF3)4s,CH,OH or CF3CF,CH,0H, with hydrogen, thereby
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producing a fluorine-containing olefin represented by
H(CF7)3CF=CH;, CF:CF=CH; or the 1like. However, in this method,
when CFiCF,CH,OH is used as a raw material, the conversion is 25%,
the selectivity is 70%, and a large amount of by-product is
produced.

Furthermore, Patent Literature (PTL) 3 1listed below
discloses a method for producing CF;CF=CH; with a conversion of
60% and a selectivity for HFO-1234yf of 58%, by using methane
instead of hydrogen used in the method of Patent Literature 2.
However, selectivity is low in this method compared with the
method using hydrogen, and the method tends to produce a large
amount of C; or C; by-product.

Accordingly, there are many disadvantages to using the
existing processes for preparing fluorine-containing olefins for

industrial application.

Citation List
Patent Literature
PTL 1: US Patent No. 3038947
PTL 2: Japanese Unexamined Patent Publication No. H01-207250
PTL 3: US Patent No. 7026520
Non Patent Literature

NPL 1: J. AM. CHEM. SOC., 1953, 75, 5978

Summary of Invention
Technical Problem

The present invention was made in view of the
aforementioned present circumstances of the prior art. An object
of the present invention is to provide a relatively simple
process for preparing fluorine-containing olefin that can solve
the above described disadvantages of the existing methods and be
carried out using a simple industrial process. Particularly, the
process of the present invention produces a desired fluorine-
containing olefin with high selectivity, generates less waste,

and can be performed with a simple reaction process.
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Solution to Problem

The inventors of the present invention conducted
extensive research to achieve the above mentioned object. They
found that a method of reacting a fluorine-containing alcohol
with a reducing gas in the présence of a specific metal oxide
enables the production of a desired fluorine-containing olefin in
a single reaction step while ensuring high selectivity; thus,
efficient and inexpensive production of fluorine-containing
olefins with less waste production is possible. The inventors
completed the present invention based on these findings.

Specifically, the present invention provides the
following processes for preparing fluorine-containing olefins.

Item 1. A process for preparing a fluorine-containing
olefin represented by Formula (2): R!CF=CH(R?) wherein R' is F, H,
F(CF2)p—(n is an integer ranging from 1 to 10) or H(CF:)x~ (m is an
integer. ranging from 1 to 10) and R? is H, F(CF:),~ (n is an
integer ranging from 1 to 10) or H(CF:)p~ (m is an integer ranging
from 1 to 10),

the process comprising reacting a fluorine-containing
alcohol represented by Formula (1): R!CF,CH(R?)OH, wherein R' and
R? are the same as above, with a reducing gas in the presence of
at least one metal oxide selected from the group consisting of
Periodic Table Group 3 element-containing oxides, Periodic Table
Group 4 element-containing oxides, Periodic Table Group 5
element-containing oxides, Periodic Table Group 6 element-
containing oxides, Periodic Table Group 11 element-containing
oxides, Periodic Table Group 12 element-containing oxides,
Periodic Table Group 13 element-containing oxides, Periodic Table
Group 14 element-containing oxides, and Periodic Table Group 15
element-containing oxides.

Item 2. The process according to Item 1, wherein the
reducing gas is hydrogen.

Item 3. The process according to Item 1 or 2, wherein
the metal oxide is at least one member selected from the group

consisting of Periodic Table Group 3 element-containing oxides,
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Periodic Table Group 4 element-containing oxides, Periodic Table
Group 11 element-containing oxides, and Periodic Table Group 13
element-containing oxides.

Item 4. The process according to any one of Items 1 to
3, wherein the metal oxide is an oxide containing at least one
element selected from the group consisting of Sc, Y, La, Ce, Pr,
Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ti, 2r, Hf, Cu,
Ag, Au, Ga, and In.

Item 5. The process according to any one of Items 1 to
4, wherein the fluorine-containing alcohol represented by Formula
(1) is a fluorine-containing alcohol represented by Formula (1'):
EﬂCFgﬂbOH, wherein R! is F, H, F(CEF;)p- (n is an integer ranging
from 1 to 10) or H(CF2)n- (m is an integer ranging from 1 to 10).

Item 6. The process according to any one of Items 1 to
5, wherein the fluorine-containing alcohol represented by Formula
(1) is 2,2,3,3,3-pentafluoro-l-propanol.

Item 7. The process according to any one of Items 1 to
6, wherein the reaction is performed in a gas phase under
atmospheric pressure or elevated pressure at a temperature range
from 200°C to 800°C.

The process for preparing a fluorine-containing olefin
according to the present invention is characterized by the
reaction of a fluorine-containing alcohol and a reducing gas in
the presence of a specific metal oxide. The process for preparing
the fluorine-containing olefin according to the present invention

is more specifically described below.

*Fluorine-Containing Alcohol

In the present invention, a fluorine-containing alcohol
represented by Formula (1): RICF,CH(R?)OH is used as a raw
material. In Formula (1), R* represents F, H, F(CF:)p- (n is an
integer ranging from 1 to 10), or H(CF)p~ (m is an integer
ranging from 1 to 10), and R? represents H, F(CF;)p— (n is an

integer ranging from 1 to 10), or H(CF;)p- (m 1s an integer
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ranging from 1 to 10).

Examples of these fluorine-éontaining alcohols include
compounds represented by the formula: F(CF;),CH,OH (n 1is -an
integer ranging from 1 to 10), compounds represented by the
formula: H(CF;),CH,OH (n is an integer ranging from 1 to 10), and
compounds represented by the formula: F(CF;),CH(CF3)OH (n is an
integer ranging from 1 to 4).

When R® is an electron-withdrawing group, the
conversion of the raw material tends to decrease. Accordingly,
among the above compounds as the fluorine-containing alcohol
represented by Formula (1), a fluorine-containing alcohol
represented by Formula (1'): R'CF,CH,OH, wherein R' is F, H,
F(CF2)n— (n is an integer ranging from 1 to 10), or H(CF)p— (m is
an integer ranging from 1 to 10) is preferable.

Examples of these fluorine—containing alcohols include
2,2,3,3,3-pentafluoro-1-propanol, 2,2,3,3-tetrafluoro-l-propanol,
trifluoroethanol, difluorcethanol, 2,2,3,3,4,4,4-heptafluoro-1-
butanol, 2,2,3,3,4,4-hexafluoro-1-butanol, 1H, 1H-perfluoro-1-
pentanol, 1H, 1H, 5H-perfluoro-l-pentanol, 1H, 1H-perfluoro-1-
hexanol, 1H, 1H-perfluoro-1-heptanol, 1H, 1H, 7H-perfluoro-1-
heptanol, 1H,1lH-perfluoro-l-octanol, 1H, 1H-perfluoro-1-nonanol,
1H, 1H, SH-perfluoro-l-nonanol, and the like.

The above fluorine-containing alcohols represented by

Formula (1) are all known compounds that can be easily obtained.

sMetal Oxide

The production process of the present invention uses,
as a catalyst, at least one metal oxide selected from the group
consisting of Periodic Table Group 3 element-containing oxides,
Periodic Table Group 4 element-containing oxides, Periodic Table
Group 5 element-containing oxides, Periodic Table Group 6
element-containing oxides, Periodic Table Group 11 element-
containing oxides; Periodic Table Group 12 element-containing
oxides, Periodic Table Group 13 element-containing oxides,

Periodic Table Group 14 element-containing oxides, and Periodic
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Table Group 15 element-containing oxides.

A desired fluorine-containing olefin can be obtained in
a single reaction step with high selectivity by reacting the
fluorine-containing alcohol represented by Formula (1) and a
reducing gas in the presence of at least one of the above metal
oxides, under the conditions that are described later in this
specification.

The principle of this production method is not
completely clear; however, heating at least one of the above
metal oxides in the presencelof a reducing gas is assumed to have
a tendency to cause an oxygen deficiency to the oxide. When the
oxygen deficiency is caused, the resulting oxide has a high
affinity to oxygen. This metal oxide, which is characterized by
its high affinity to oxygen due to its oxygen-deficiency, is
assumed to be capable of reacting with a compound having a low
electron-donating oxygen atom, such as a fluorine-containing
alcohol, taking the oxygen from the fluorine-containing alcohol,
thereby developing the reaction to produce a fluorine-containing
olefin.

For example, when a cerium oxide is used as the metal
oxide and hydrogen is used as the reducing gas, oxygen is taken
from the crystal lattice as a result of the reduction caused by
hydrogen, thereby forming an oxygen-deficient cerium oxide (CeOx,
wherein x is a positive number less than 2) according to the
following reaction formula.

Ce0; + (2-X)H; — Celx + (2-X) H0

It is assumed that the cerium oxide then reacts with
the fluorine-containing alcohol in a hydrogen gas atmosphere
according to the following reaction formula, thereby serving as a
catalyst.

CelOx + (2-X) CF3CFCH,OH — Ce0, + (2-X) CF3CF=CH; + (2-X) HF

It is further assumed that, thereafter, the reproduced
CeO; is reduced to a low valent state again by the hydrogen in the
system, thereby completing the catalyst cycle.

In contrast, Pd, Rh, Pt, Ni and like metals are not
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desirable because, although they are capable of causing an oxygen
deficiency, their low oxygen affinity causes a side reaction such
as a reduction of C-F bond to C-H bond.

Among the above metal oxides, at least one metal oxide
selected from the group consisting of Periodic Table Group 3
element-containing oxides, Periodic Table Group 4 element-
containing oxides, Periodic Table Group 12 element-containing
oxides, and Periodic Table Group 13 element-containing oxides is
preferable in terms of its high affinity to oxygen.

The present invention particularly favors an oxide
containing at least one element selected from the group
consisting of Sc¢, Y, lLa, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu, Ti, Zr, Hf, Cu, Ag, Au, Ga and In. Examples of
these oxides include Scy03, Y203, Lay03;, Ce0,, Pr¢0;i;, Nd,03, Pmy0s,
Smy03, Eup0s3, Gdy03, TbsO7, Dy203, Ho0203, Er;03, Tmp0O3, Yb,0;3, Luy0s,
TiOz, Tiy03, TiO, Zr0;, HfO,, Cul, CuyO, Agy0, Au0;3;, Gay03;, and Iny0;.

Among these metal oxides, Sc;03;, Y03, Lay0;, Ce0,, Nd;0s,
Smp03, Gdy03, Dy»03;, Ho,03, Er,0;, TmyO;, Yb,0s;, Zr0,, HfO,, CuO, Cuy0,
Ag.0, Gaz03;, Iny0; and the like are particularly preferable.

Among these metal oxides, CuO, Cuy0, CeO;, Iny0;, Ag0,
Hf,0, Scy0;, Gd;0; and the like are particularly preferable in
terms of producing a fluorine-containing olefin with high
selectivity.

The above metal oxides may be used solely or in a

combination of two or more oxides.

sReducing Gas

The reducing gas which can be used in the present
invention is not particularly limited insofar as it is in the gas
phase at the reaction temperature, and is capable of causing the
above metal oxide to induce oxygen deficiency. Examples of these
reducing gases 1include hydrogen, nitrogen monoxide, sulfur
dioxide, hydrogen sulfide, ammonia, diborane, phosphine, silane,
and arsine. These reducing gases may be used solely or in a

combination of two or more gases.
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sProcess for Preparing Fluorine-Containing Olefin

In the process for preparing fluorine-containing
olefins according to the present invention, a fluorine-containing
alcohol is reacted with a reducing gas in the presence of at
least one of the aforementioned specific metal oxides.

The reaction method is not particularly limited. For
example, the reaction may be performed by supplying gaseous raw
materials, 1i.e., a fluorine-containing alcohol represented by
Formula (1) and a reducing gas to a reactor containing at least
one of the aforementioned metal oxides. Using this method, it is
possible to obtain a fluorine-containing olefin represented by
Formula (2): RCF=CH(R?), wherein R! and R? are the same as above,
with high selectivity in a single reaction step.

The form of the reactor used in the process of the
present invention is not particularly limited. Examples of the
reactors include an adiabatic reactor containing a metal oxide,
and a multitubular reactor having a heat transmitting medium to
remove heat. The reactor is preferably formed of a material
resistant to the corrosive action of hydrogen fluoride, such as
HASTALLOY, INCONEL, MONEL or the like.

In the present invention, the ratio of the raw
materials, i.e., the ratio of reducing gas to fluorine-containing
alcohol represented by Formula (1) is not particularly limited.
However, if the proportion of the reducing gas is too low, the
amount of the decomposition product of the fluorine-containing
alcohol tends to increase, thereby decreasing the selectivity of
the fluorine-containing olefin of Formula (2); the selectivity of
the fluorine-containing olefin tends to increase as the
proportion of reducing gas increases. Generally, the reducing gas
is preferably supplied in an amount of not less than about 0.5
equivalent weight, more preferably, about 1 to 20 equivalent
weight, per equivalent weight of the fluorine-containing alcohol.

The above raw materials may be directly supplied to the

reactor, or they may be diluted by an inert gas such as nitrogen,
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helium, argon or the like, before being supplied to the reactor.

Generally, 1t 1is preferable to set the reaction
temperature inside the reactor to a temperature ranging from
about 200°C to about 800°C, and more preferably from about 350°C
to about 650°C. If the reaction temperature is too 1low, the
reaction speed tends to decrease, thereby decreasing the
conversion. In contrast, if the reaction temperature is too high,
the selectivity tends to decrease as a result of decomposition
reaction or the like. '

The pressure during the reaction is not particularly
limited. The reaction of the present invention can be performed
either under atmospheric pressure or elevated pressure. More
specifically, the reaction can be performed under atmospheric
pressure (0.1 MPa); but the reaction may also be performed under
an elevated pressure up to about 1.0 MPa.

The reaction time is not particularly limited. However,
the contact time represented by W/Fy, which is the ratio of the
supplying amount W(g) of metal oxide catalyst to the total flow
rate Fy (flow rate at 0°C and at 1 atm: cc/sec) of the gas
material (i.e. a fluorine-containing alcochol and a reducing gas)
supplied to the reaction system, is preferably about 0.1 to 90
g-sec/cc, and more preferably about 1 to 30 g-*sec/cc.

In the present invention, as required, a pre-reaction
step may be performed by previously bringing the metal oxide that
serves as a catalyst into contact with the reducing gas. For
example, the metal oxide may be brought into contact with a
reducing gas current for 1 to 24 hours at a temperature between
100°C and 800°C. By thus contacting the metal oxide with the
reducing gas under a high temperature, a part of the oxygen in
the metal oxide is removed as it bonds with the reducing gas. As
a result, a part of the metal oxide becomes oxygen deficient,
thereby inducing an oxygen-deficient state. This pre-reaction
step makes it possible to obtain the target fluorine-containing
olefin with sufficient selectivity even at an early stage of the

reaction.
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The aforementioned process for preparing fluorine-
containing olefin according to the present invention enables
production of a fluorine-containing olefin represented by Formula
(2): RCF=CH(R?), wherein R! and R? are the same as above, with
high selectivity in a single reaction step using the fluorine-
containing alcohol represented by Formula (1): RCF,CH (R?) OH,
wherein R!' and R® are the same as above, and a reducing gas, as
raw materials. For example, when 2,2,3,3,3-pentafluoro-l-propanol
represented by Chemical Formula: CF3CF,CHOH is used as a raw
material, it 1is possible to obtain 2,3,3,3—tetraflﬁoropropene
represented by Chemical Formula: CF;CF=CH, with high selectivity.

The selectivity for the fluorine-containing olefin and
the conversion of the fluorine-containing alcohol <can be
controlled by selecting the type of metal oxide used, the
reaction temperature, the contact time, and the like. Depending
on the reaction conditions, the selectivity can be 75% or greater.
If the reaction is performed under optimal conditions, it is
possible to obtain the target fluorine-containing olefin with a

selectivity of 90% or greater.

Advantageous Effects of Invention

The process for preparing fluorine-containing olefin
according to the present invention enables the production of a
desired fluorine-containing olefin with high selectivity in a
single reaction step using a fluorine-containing alcohol as a raw
material.

Accordingly, the process of the present invention can
reduce industrial waste while relatively easily producing
fluorine-containing olefins with a single process. Thus, the
present invention 1is significantly wuseful as an industrial

production process for fluorine-containing olefins.

Description of Embodiments
The present invention is more specifically described

below with reference to Examples.
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Example 1

18 g of CuO in pellet form (with a cylindrical column
shape, 3 mm in diameter and 4 mm in height), as a catalyst, was
placed into a gas-phase reactor including a cylindrical reaction
tube (made of SUS316, 1.0 cm in diameter, 30 cm in length)
equipped with an electric furnace. As CF3CF,CH,OH (5FP) (60
mg/min), Hz (40 mL/min) and N; (15 mL/min) (their flow rates were
measured under standard conditions) were supplied to the reactor.
The temperature of the reaction tube was brought to 469°C.

The reaction product that flowed out of the reaction
tube was collected in a cold trap cooled with an ice bath. NMR
analysis of the collected liquid showed that the conversion was
21%. Further, NMR and gas chromatography analysis of the product
showed that the composition of the product was CF;CF=CH, (96 mol%),
CO, (3 mol%), CF,=CF, (1 mol%), and that the selectivity of
CF3CF=CH, (HFO-1234yf) was 96%. The results are shown in Table 1.
Examples 2 to 9

Using the same vapor-phase reactor as in Example 1, the
reaction was performed using the catalyst (metal oxide) and
conditions, i.e., reaction temperature, H,/5FP mole ratio, and
contact time (W/Fo), given in Table 1. The results are shown in
Table 1.

[Table 1]
Reaction Conditions Reaction Results
Catalyst Reaction H,/5FP W/F, CF,CF,CH,0H | HFO-1234yf
Temperature Mole (g-sec/cc) | Conversion | Selectivity
(°C) Ratio (%) (%)
Example
1 Cu0 469 4.4 17 21 96
2 Cuo 486 8.5 11 22 91
3 CuO 487 2.7 9 4 85
4 CuO 553 4.0 7 16 B6
5 Ce0; 510 6.2 6 32 82
6 Ce0; 579 6.3 6 56 84
7 In203 448 6.5 19 10 90
8 In203 538 6.6 6 22 78
9 InyO3 604 6.3 6 63 77

Comparative Example 1
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10 g of  activated carbon, as a catalyst, was placed
into a vapor-phase reactor including a cylindrical reaction tube
(made of SUS316, 1.0 cm in diameter, 30 cm in length) equipped
with an electric furnace. As CF3CE,CHOH(5FP) (201 mg/min), H;
(120 mL/min) and N, (50 mL/min) (their flow rates were measured
under standard conditions) were supplied to the reactor. The
temperature of the reaction tube was brought to 493°C.

The reaction product that flowed out of the reaction
tube was collected in a cold trap cooled with an ice bath. NMR
analysis of the collected liquid showed that the conversion was
21%. Further, NMR and gas chromatography analysis of the product
showed that the composition of the product was CF3CF=CH; (49 mol$%),
CO;(22 mol%), CFCFH(23 mol%), and that the selectivity of
CF3CF=CH, (HFO-1234yf) was 49%. The results are shown in Table 2.

Comparative Examples 2 and 3

Using the same vapor-phase reactor as in Example 1, the
reaction was performed using the catalyst and conditions, i.e.,
reaction temperature, H,/5FP mole ratio, and contact time (W/Fo),

given in Table 2. The results are shown in Table 2.

[Table 2]
Reaction Conditions Reaction Results
Catalyst Reaction H,/5FP W/F, Conversion | Major Product
Temperature | Mole (g*sec/cc) (%) and Selectivity
(°C) Ratio (%)
Comparative
Example
1 Activated 469 4.0 5 21 HFO1234yf (49)
Carbon HFC125 (23)
2 3%Pd/C 414 2.8 5 19 HFC125(62)
HFO01234yf (trace)
3 NiO 310 2.4 3 13 CH4(72)
HFO1234yf (0)
Example 10

12 g of Cu0 in pellet form (with a cylindrical column
shape, 3 mm in diameter and 4 mm in height), as a catalyst, was
placed into a vapor-phase reactor including a «cylindrical
reaction tube (made of 8SUS316, 1.0 cm in diameter, 30 cm in

length) equipped with an electric furnace. As H(CF;)4CH,OH (160
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mg/min) and H; (90 mL/min) (their flow rates were measured under
standard conditions) were supplied to the reactor, the
temperature of the reaction tube was brought to 470°C.

The reaction product that flowed out of the reaction
tube was collected in a cold trap cooled with an ice bath. NMR
analysis of the collected liquid showed that the conversion was
37%. Further,vNMR and gas chromatography analysis of the product
showed that the selectivity of H(CF;);CF=CH; was 96%. The results
are shown in Table 3.

Examples 11 to 15

Using the same vapor-phase reactor as in Example 10,
the reaction was performed using the catalyst (metal oxide) and
conditions, i.e., reaction temperature, H,/H(CF;)sCH,OH mole ratio,
and contact time (W/Fy), given in Table 3. The results are shown
in Table 3.

[Table 3]
Reaction Conditions Reaction Results
Catalyst | Reaction | H,/CsH,FgO W/F, H (CF,) ,CH,0H | H(CF,)sCF=CH,
Temperature | Mole Ratio | (g-sec/cc) Conversion Selectivity
(°C) (%) (%)
Example
10 Cu0 470 6.5 6 37 96
11 Cu0 489 6.4 7 35 94
12 Ag,0 520 6.3 7 43 89
13 HfO, 490 6.6 7 39 87
14 Sc203 472 6.2 6 28 92
15 Gd,03 515 6.3 6 41 90
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Claims
[Claim 1] A process for preparing a fluorine-containing olefin
represented by Formula (2): R!CF=CH(R?) wherein R! is F, H,
F(CF2)p-(n is an integer ranging from 1 to 10) or H(CFy)p~ (m is an
integer ranging from 1 to 10) and R> is H, F(CFy),- (n is an
integer ranging from 1 to 10) or H(CE:;)p~ (m is an integer ranging
from 1 to 10),
the process comprising reacting a fluorine-containing
alcohol represented by Formula (1): R%EECH(R?)OH, wherein R!' and
R? are the same as above, with a reducing gas in the presence of
at least one metal oxide selected from the group consisting of
Periodic Table Group 3 element-containing oxides, Periodic Table
Group 4 element-containing oxides, Periodic Table Group 5
element-containing oxides, Periodic Table Group 6 element-
containing oxides; Periodic Table Group 11 element-containing
oxides, Periogic Table Group 12 element-containing oxides,
Periodic Table Group 13 element-containing oxides, Periodic Table
Group 14 element-containing oxides, and Periodic Table Group 15

element-containing oxides.

[Claim 2] The process according to claim 1, wherein the reducing

gas is hydrogen.

[Claim 3] The process according to claim 1, wherein the metal
oxide is at least one member selected from the group consisting
of Periodic Table Group 3 element-containing oxides, Periodic
Table Group 4 element-containing oxides, Periodic Table Group 11
element-containing oxides, and Periodic Table Group 13 element-

containing oxides.

[Claim 4] The process according to claim 1, wherein the metal
oxide is an oxide containing at least one element selected from
the group consisting of Sc¢, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dy, Ho, Er, T™m, Yb, Lu, Ti, Zr, Hf, Cu, Ag, Au, Ga, and In.
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[Claim 5] The process according to claim 1, wherein the fluorine-
containing alcohol represented by Formula (1) is a fluorine-
containing alcohol represented by Formula (1'): R%E}CH%XL
wherein R* is F, H, F(CFu)p,- (n is an integer ranging from 1 to

10) or H(CF)p- (m is an integer ranging from 1 to 10).

[Claim 6] The process according to claim 1, wherein the fluorine-
containing alcohol represented by Formula (1) is 2,2,3,3,3-

pentafluoro-l-propanol.

[Claim 7] The process according to claim 1, wherein the reaction
is performed in a gas phase under atmospheric pressure or

elevated pressure at a temperature range from 200°C to 800°C.
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