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(57) ABSTRACT

The present invention provides a method that produces a
composition containing 1223xd and/or 1213xa by a gas-
phase reaction, and that achieves production efficiency
higher than known methods. The present invention provides
a method for producing a composition containing at least
one fluorine-containing olefin selected from 1,2-dichloro-3,
3,3-trifluoropropene (HCFO-1223xd) and 1,1,2-trichloro-3,
3,3-trifluoropropene (CFO-1213xa), the method comprising
subjecting at least one starting compound selected from a
chlorine-containing alkane represented by Formula (1-1):
CF;CHXCHX,, wherein each X is independently H or Cl,
with the proviso that at least one X represents Cl, and a
chlorine-containing alkene represented by Formula (1-2):
CF;CX—CX,, wherein each X is independently H or Cl,
with the proviso that at least one X represents Cl, to a
gas-phase oxychlorination reaction in a temperature range of
380° C. or lower in the presence of oxidative gas and
hydrogen chloride gas.
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PRODUCTION METHOD FOR
COMPOSITION CONTAINING
1,2-DICHLORO-3,3,3-TRIFLUOROPROPENE
(HCFO-1223XD) AND/OR
1,1,2-TRICHLORO-3,3,3-TRIFLUOROPROPENE
(CFO-1213XA)

TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a composition containing 1,2-dichloro-3,3,3-trif-
Iuoropropene (HCFO-1223xd) and/or 1,1,2-trichloro-3,3,3-
trifluoropropene (CFO-1213xa).

BACKGROUND ART

[0002] HCFO-1223xd and CFO-1213xa have been widely
used as a cleaner or the like, and various production methods
have been known. For example, a production method is
known comprising performing a fluorination reaction of
starting compounds, such as 1,1,2,3-tetrachloropropene
(HCO-1230xa) and CCI;CCI—CHCI, using antimony (e.g.,
Non-patent Literature (NPL) 1). Further, a production
method is known comprising performing dehydrochlorina-
tion of starting compounds, such as CF;CCl,CH,Cl and
CF;CHCICHCI,, using an alkali (e.g., Non-patent Literature
(NPL) 2). However, these production methods that are
performed in a liquid phase are batch production methods,
which are noted as having unsatisfactory production effi-
ciency.

[0003] Other than the above, a method is known in which
a chlorine source, such as chlorine gas and hydrogen chlo-
ride gas, and an oxidative substance are subjected to a
gas-phase reaction with starting compounds, such as 3,3,3-
trifluoropropene (HFO-1243zf), 2-chloro-3,3,3-trifluoropro-
pene (HCFO-1233xf), and 1,3,3,3-tetrafluoropropene
(HFO-1234z¢) (e.g., Patent Literature (PTL) 1). A produc-
tion method involving a gas-phase reaction is advantageous
because it is capable of continuously producing a target
product, unlike the liquid-phase reaction described above.
However, a production method involving gas-phase reaction
generates a large number of undesirable by-products,
depending on the reaction conditions. There is thus still
room for improvement in terms of production efficiency.
[0004] Therefore, the development of a method has been
in demand that produces a composition containing HCFO-
1223xd and/or CFO-1213xa by a gas-phase reaction and that
achieves production efficiency higher than known methods.

CITATION LIST

Patent Literature

[0005] PTL 1: WO2009/125199
Non-Patent Literature
[0006] NPL 1: Journal of Chemical Society (1951) pp.

2495 and 2503
[0007] NPL 2: Journal of American Chemical Society
(1948) p. 1027

SUMMARY OF INVENTION

Technical Problem

[0008] An object of the present invention is to provide a
method that produces a composition containing HCFO-
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1223xd and/or CFO-1213xa by a gas-phase reaction, and
that achieves production efficiency higher than known meth-
ods.

Solution to Problem

[0009] The present inventors conducted extensive
research to achieve the above object and found that the
above object is achieved when a specific chlorine-containing
compound used as a starting compound is subjected to a
gas-phase oxychlorination reaction under specific condi-
tions. The present invention has thus been accomplished.
[0010] More specifically, the present invention relates to a
method for producing a composition containing HCFO-
1223xd and/or CFO-1213xa.

[0011] 1. A method for producing a composition contain-
ing at least one fluorine-containing olefin selected from
1,2-dichloro-3,3,3-trifluoropropene (HCFO-1223xd) and
1,1,2-trichloro-3,3,3-trfluoropropene (CFO-1213xa),

[0012] the method comprising

[0013] subjecting at least one starting compound selected
from a chlorine-containing alkane represented by Formula
(1-1): CF,CHXCHX,, wherein each X is independently H
or Cl, with the proviso that at least one X represents Cl, and
a chlorine-containing alkene represented by Formula (1-2):
CF;CX—CX,, wherein each X is independently H or Cl,
with the proviso that at least one X represents Cl, to a
gas-phase oxychlorination reaction in a temperature range of
380° C. or lower in the presence of oxidative gas and
hydrogen chloride gas.

[0014] 2. The production method according to item 1,
wherein the starting compound is at least one member
selected from the group consisting of 2,3-dichloro-1,1,1-
trifluoropropane (HCFC-243db), 3,3-dichloro-1,1,1-trifluo-
ropropane (HCFC-243fa) , 2-chloro-3,3,3-trifluoropropene
(HCFO-1233xf), and  1-chloro-3,3,3-trifluoropropene
(HCFO-1233zd).

[0015] 3. The production method according to item 1,
wherein the starting compound is 2-chloro-3,3,3-trifluoro-
propene (HCFO-1233x{).

[0016] 4. The production method according to any one of
items 1 to 3,

[0017] the method comprising

[0018] subjecting at least one starting compound precursor

selected from a chlorine-containing alkane represented by
Formula (2-1): CY;CHXCHX,, wherein each X is indepen-
dently H or Cl, with the proviso that at least two X’s
represent Cl, and each Y is independently F or Cl, and a
chlorine-containing alkene represented by Formula (2-2):
CX,CX—CX,, wherein each X is independently H or Cl,
with the proviso that at least two X’s represent Cl, to a
gas-phase fluorination reaction using hydrogen fluoride to
convert the precursor into the starting compound; and
[0019] subjecting the starting compound obtained by the
conversion to a gas-phase oxychlorination reaction in a
temperature range of 380° C. or lower in the presence of
oxidative gas and hydrogen chloride gas to obtain the
composition.

[0020] 5. The production method according to item 4,
wherein the starting compound precursor is at least one
member selected from the group consisting of 1,1,1,2,3-
pentachloropropane (HCC-240db), 1,1,1,3,3-pentachloro-
propane (HCC-240fa), 1,1,1,3-tetrachloropropane (HCC-
2501b), 1,1,2,3-tetrachloro-1-fluoropropane (HCFC-241db)
, 1,2,3-trichloro-1,1-difluoropropane (HCFC-242dc), 1,1,3,
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3-tetrachloro-1-fluoropropane (HCFC-241fa), 1,3,3-
trichloro-1,1-difluoropropane (HCFC-2421a) , 1,1,2,3-tetra-
chloropropene (HCC-1230xa), 2,3,3,3-tetrachloropropene
(HCO-1230xf), and 1,1,3,3-tetrachloropropene (HCO-
1230za).

[0021] 6. The production method according to any one of
items 1 to 3,

[0022] the method comprising

[0023] a step of generating hydrogen chloride gas by
subjecting a part of the starting compound to a gas-phase
fluorination reaction using hydrogen fluoride, wherein the
generated hydrogen chloride gas is used as part or all of the
hydrogen chloride gas used in the gas-phase oxychlorination
reaction.

[0024] 7. The production method according to item 4 or 5,
wherein part or all of the hydrogen chloride gas used in the
gas-phase oxychlorination reaction is hydrogen chloride gas
generated when the starting compound precursor is sub-
jected to a gas-phase fluorination reaction using hydrogen
fluoride.

[0025] 8. The production method according to any one of
items 1 to 7,

[0026] the method comprising

[0027] a step of separating a high-boiling-point fraction

having a boiling point of 30° C. or higher at atmospheric
pressure and containing at least one of HCFO-1223xd and
CFO-1213xa from the composition.

[0028] 9. The production method according to any one of
items 1 to 7, the method comprising:

[0029] a step of separating a high-boiling-point fraction
having a boiling point of 30° C. or higher at atmospheric
pressure and containing at least one of HCFO-1223xd and
CFO-1213xa from the composition; and

[0030] a step of recycling a part or all of compounds from
the residue after separation, contain three carbon atoms, and
have a boiling point lower than that of HCFC-1223xd, into
the gas-phase oxychlorination reaction.

[0031] 10. The production method according to any one of
items 1 to 9, wherein the oxidative gas is at least one of
oxygen gas and chlorine gas.

[0032] 11. The production method according to item 10,
wherein the oxidative gas is the oxygen gas, and the oxygen
gas is used at the time of the gas-phase oxychlorination
reaction in an amount of 3 equivalents or less, relative to
total organic substances.

[0033] 12. The production method according to item 10,
wherein the oxidative gas is the chlorine gas, and the
chlorine gas is used at the time of the gas-phase oxychlo-
rination reaction in an amount of 0.5 equivalent or less,
relative to total organic substances.

[0034] 13. The production method according to item 10,
wherein the oxidative gas is the oxygen gas, and the gas-
phase oxychlorination reaction is performed in a tempera-
ture range of 300 to 380° C.

[0035] 14. The production method according to item 10,
wherein the oxidative gas is the chlorine gas, and the
gas-phase oxychlorination reaction is performed in a tem-
perature range of 150 to 350° C.

[0036] 15. The production method according to any one of
items 1 to 14, wherein the gas-phase oxychlorination reac-
tion is performed using a catalyst containing at least one
member selected from the group consisting of chromium,
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copper, tin, ruthenium, vanadium, niobium, molybdenum,
rhodium, antimony, osmium, manganese, cobalt, and plati-
num.

[0037] 16. The production method according to item 15,
wherein the catalyst is supported on at least one carrier
selected from the group consisting of chromia, alumina,
zirconia, titania, chromium fluoride, and aluminium fluo-
ride.

Advantageous Effects of Invention

[0038] The production method of the present invention,
which produces a target composition by a gas-phase reac-
tion, enables the continuous production of a target compo-
sition, and in this respect, achieves production efficiency
higher than known methods that involve a liquid-phase
reaction. Further, the production method of the present
invention comprises subjecting a specific chlorine-contain-
ing compound used as a starting compound to a gas-phase
oxychlorination reaction under specific conditions; thus, the
by-products are of the type that are advantageously recycled
into the gas-phase oxychlorination reaction, and the produc-
tion efficiency of the production method of the present
invention is higher than that of known methods that involve
a gas-phase reaction.

BRIEF DESCRIPTION OF DRAWINGS

[0039] FIG. 1 illustrates an embodiment of the substance
flow according to the production method (continuous sys-
tem) of the present invention.

DESCRIPTION OF EMBODIMENTS

[0040] The following describes the production method of
the present invention in detail.

[0041] The method of the present invention comprises
producing a composition containing HCFO-1223xd and/or
CFO-1213%xa. More specifically, the method of the present
invention comprises subjecting at least one starting com-
pound selected from a chlorine-containing alkane repre-
sented by Formula (1-1): CF;CHXCHX,, wherein each X is
independently H or Cl, with the proviso that at least one X
represents Cl, and a chlorine-containing alkene represented
by Formula (1-2): CF;CX—CX,, wherein each X is inde-
pendently H or Cl, with the proviso that at least one X
represents Cl, to a gas-phase oxychlorination reaction in a
temperature range of 380° C. or lower in the presence of
oxidative gas and hydrogen chloride gas, to produce a
composition containing at least one fluorine-containing
olefin selected from 1,2-dichloro-3,3,3-trifluoropropene
(CF;CCl=CHCI (HCFO-1223xd)) and 1,1,2-trichloro-3,3,
3-trifluoropropene (CF,CCI—CCl, (CFO-1213xa)).

[0042] The production method of the present invention,
which has the above feature, produces a target composition
by a gas-phase reaction, enabling the continuous production
of a target composition. In this respect, the production
method of the present invention achieves production effi-
ciency higher than that of known methods that involve
limpid-phase reaction. Further, the production method of the
present invention comprises subjecting a specific chlorine-
containing compound used as a starting compound to a
gas-phase oxychlorination reaction under specific condi-
tions; thus, the by-products are of the type that are advan-
tageously recycled into the gas-phase oxychlorination reac-
tion, and the production efficiency of the production method
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of the present invention is higher than that of known
methods that involve a gas-phase reaction.

[0043] As a starting compound, the production method of
the present invention uses a chlorine-containing alkane
represented by Formula (1-1): CF;CHXCHX,, wherein each
X is independently H or Cl, with the proviso that at least one
X represents Cl, and/or a chlorine-containing alkene repre-
sented by Formula (1-2): CF;CX—CX,, wherein each X is
independently H or Cl, with the proviso that at least one X
represents Cl.

[0044] Examples of a chlorine-containing alkane repre-
sented by Formula (1-1) include 2,3-dichloro-1,1,1-trifluo-
ropropane (HCFC-243db), and 3,3-dichloro-1,1,1-trifluoro-
propane (HCFC-243fa).

[0045] Examples of a chlorine-containing alkene repre-
sented by Formula (1-2) include 2-chloro-3,3,3-trifluoropro-
pene (HCFO-1233xf), and 1-chloro-3,3,3-trifluoropropene
(HCFO-1233zd).

[0046] Of these starting compounds, HCFO-1233xf is
particularly preferable in the present invention. The use of
HCFO-1233xfis advantageous because it is easily available,
and also because the difference in the boiling point between
HCFO-1233xf and a target compound, i.e., HCFO-1223xd
or CFO-1213xa, is relatively large.

[0047] In the production method of the present invention,
the oxidative gas is not limited, and at least one of oxygen
gas and chlorine gas is preferably used.

[0048] When used as the oxidative gas, oxygen gas is used
at the time of gas-phase oxychlorination reaction in an
amount of preferably 3 equivalents or less, more preferably
0.05 to 3 equivalents, and most preferably 0.1 to 1 equiva-
lent, relative to the total organic substances. When used as
the oxidative gas, chlorine gas is used at the time of
gas-phase oxychlorination reaction in an amount of prefer-
ably 0.5 equivalent or less, more preferably 0.001 to 0.5
equivalent, and most preferably 0.005 to 0.1 equivalent,
relative to the total organic substances. The amount “at the
time of . . . reaction” refers to an amount at the time that the
reaction is initiated when it is a batch reaction process, and
refers to an amount at the inlet of a reactor when it is a
continuous reaction process.

[0049] Although an overly large amount of oxidative gas
improves the yield of the target compound (HCFO-1223xd
and/or CFO-1213xa; hereinafter abbreviated as a “target
compound”), it also increases the generation of by-products
(e.g., a compound whose C—C bond is cleaved, carbon
dioxide gas, and a compound whose terminal CFj; is chlo-
rinated) that cannot be converted into the target compound
even when recycled into the gas-phase oxychlorination
reaction. Thus, the use of an overly large amount of oxida-
tive gas is not preferable. An overly small amount of the
oxidative gas may decrease the efficiency of a gas-phase
oxychlorination reaction, or the efficiency of a gas-phase
fluorination reaction of a starting compound or a starting
compound precursor performed to generate hydrogen chlo-
ride.

[0050] In the production method of the present invention,
the amount of hydrogen chloride gas is not limited, and
hydrogen chloride gas is used in an amount or preferably 0.1
to 10 equivalents, and more preferably 0.2 to 5 equivalents,
relative to the starting compound with which a gas-phase
oxychlorination reaction is performed. The amount of
hydrogen chloride gas also refers to an amount at the time
that the reaction is initiated when it is a batch reaction
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process, and refers to an amount at the inlet of a reactor
when it is a continuous reaction process.

[0051] An overly large amount of hydrogen chloride gas is
not preferable because it may cause hydrogen chloride-
induced side reactions to take place, or cause catalyst
degradation to decrease the activity when a catalyst is used
together. An overly small amount of hydrogen chloride gas
may decrease the efficiency of a gas-phase oxychlorination
reaction.

[0052] The hydrogen chloride gas may be added as hydro-
gen chloride gas from outside. Alternatively, hydrogen chlo-
ride gas generated in the production method of the present
invention may be used.

[0053] For example, in one embodiment of the production
method of the present invention, the method comprises a
step of generating hydrogen chloride gas by subjecting a part
of'the starting compound to a gas-phase fluorination reaction
using hydrogen fluoride, and the generated hydrogen chlo-
ride gas is used as part or all of the hydrogen chloride gas
used in a gas-phase oxychlorination reaction. In another
embodiment of the production method of the present inven-
tion, the method comprises a step of subjecting a part of the
starting compound (starting compound A) to a gas-phase
fluorination reaction using hydrogen fluoride to convert it,
while generating hydrogen chloride gas, into either a starting
compound B or a low-boiling compound having a boiling
point lower than starting compound A, and the generated
hydrogen chloride as is used as part or all of the hydrogen
chloride gas used in a gas-phase oxychlorination reaction.
Starting compound B or the low-boiling compound having
boiling point lower than starting compound A produced in
the gas-phase fluorination reaction may both be subjected to
the gas-phase oxychlorination reaction. In still another
embodiment of the present invention, a starting compound
precursor is subjected to a gas-phase fluorination reaction
using hydrogen fluoride, and hydrogen chloride gas gener-
ated when the precursor is converted into a starting com-
pound is used as part or all of the hydrogen chloride gas in
a gas-phase oxychlorination reaction.

[0054] Specific examples of the starting compound that is
subjected to a gas-phase fluorination reaction using hydro-
gen fluoride to generate hydrogen chloride include HCFO-
1233xf, HCFO-1233zd, HCFC-243db, and HCFC-243fa.
[0055] The starting compound precursor that is subjected
to a gas-phase fluorination reaction using hydrogen fluoride
to be converted into the starting compound while hydrogen
chloride gas is generated is, for example, at least one starting
compound precursor selected from a chlorine-containing
alkane represented by Formula (2-1): CY,CHXCHX,,
wherein each X is independently H or Cl, with the proviso
that at least two X’s represent Cl, and each Y is indepen-
dently F or Cl, and a chlorine-containing alkene represented
by Formula (2-2) CX,CX—CX,, wherein each X is inde-
pendently H or Cl, with the proviso that at least two X’s
represent Cl.

[0056] Examples of chlorine-containing alkanes repre-
sented by Formula (2-1) include 1,1,1,2,3-pentachloropro-
pane (HCC-240db), 1,1,1,3,3-pentachloropropane (HCC-
240fa), 1,1,1,3-tetrachloropropane (HCC-250fb), 1,1,2,3-
tetrachloro-1-fluoropropane (HCFC-241db), 1,2,3-trichloro-
1,1-difluoropropane (HCFC-242dc), 1,1,3,3-tetrachloro-1-
fluoropropane (HCFC-241fa), and 1,3,3-trichloro-1,1-
difluoropropane (HCFC-242fa). Of these chlorine-
containing alkanes, 1,1,1,2,3-pentachloropropane (HCC-
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240db), 1,1,1,3,3-pentachloropropane (HCC-240fa), and
1,1,1,3-tetrachloropropane (HCC-2501b) are particularly
preferable from the viewpoint of easy availability.

[0057] Examples of chlorine-containing alkenes repre-
sented by Formula (2-2) include 1,1,2,3-tetrachloropropene
(HCO-1230xa), 2,3,3,3-tetrachloropropene (HCO-1230x{1),
and 1,1,3,3-tetrachloropropene (HCC-1230za). Of these
chlorine-containing alkenes, 1,1,2,3-tetrachloropropene
(HCO-1230xa) and 1,1,3,3-tetrachloropropene (HCO-
1230za) are particularly preferable from the viewpoint of,
for example, easy availability and stability.

[0058] In the production method of the present invention,
not only hydrogen chloride gas generated when the starting
compound precursor is subjected to a gas-phase fluorination
reaction using hydrogen fluoride, but also the obtained
starting compound, may be subjected to the gas-phase
oxychlorination reaction performed in the production
method of the present invention.

[0059] The amount of hydrogen fluoride used to react with
the starting compound or the starting compound precursor is
not limited, and is preferably 1 to 100 equivalents, and more
preferably 1 to 20 equivalents, relative to the starting com-
pound or the starting compound precursor. The amount of
hydrogen fluoride used also refers to an amount at the time
that the reaction is initiated when it is a batch reaction
process, and refers to an amount at the inlet of a reactor
when it is a continuous reaction process.

[0060] In the production method of the present invention,
a gas-phase oxychlorination reaction proceeds in a tempera-
ture range of 380° C. or lower in the presence of the starting
compound, oxidative gas, and hydrogen chloride gas to
produce a composition containing the target compound.
[0061] The conditions of the gas-phase oxychlorination
reaction are not limited as long as the temperature range is
380° C. or lower, and as long as the target compound is
produced. The temperature range is usually set to 150 to
380° C. When, in particular, oxygen gas is used as the
oxidative gas, the temperature range is preferably set to 300
to 380° C. (in particular 330 to 380° C.), and when chlorine
gas is used as the oxidative gas, the temperature range is
preferably set to 150 to 350° C. (in particular 250 to 350°
C.). Although an overly high reaction temperature improves
the yield of the target compound, it also increases the
generation of by-products (e.g., a compound whose C—C
bond is cleaved, carbon dioxide gas, and a compound whose
terminal CF; is chlorinated) that cannot be converted into
the target compound even when recycled into the gas-phase
oxychlorination reaction. Thus, an overly high reaction
temperature is not preferable. An overly low reaction tem-
perature may decrease the efficiency of the gas-phase oxy-
chlorination reaction, and in addition, a starting compound
(e.g., 243db) that has a boiling point as high as the target
compound would remain without being consumed in the
reaction, possibly hindering the separation of the target
compound from the composition obtained by the reaction.
[0062] At the time of gas-phase oxychlorination reaction,
it is preferable to use an oxidative catalyst to accelerate the
reaction. Examples of catalysts include those that contain a
component such as chromium, copper, tin, ruthenium, vana-
dium, niobium, molybdenum, rhodium, antimony, osmium,
manganese, cobalt, and platinum. These components are
either oxidative catalysts by themselves or converted into an
oxidative catalyst in the presence of oxidative gas to func-
tion as a catalyst. These catalysts may be used singly or in
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a combination of two or more. These catalysts may be
supported on at least one carrier, such as chromia, alumina,
zirconia, titania, chromium fluoride, and aluminium fluo-
ride.

[0063] The pressure during the gas-phase oxychlorination
reaction is not particularly limited, and the reaction may be
performed under reduced pressure, ordinary pressure, or
increased pressure. The reaction is usually carried out at
pressure near atmospheric pressure (0.1 MPa). The reaction
also proceeds smoothly under reduced pressure of less than
0.1 MPa. It is also possible to carry out the reaction under
increased pressure within a range in which the starting
material does not liquefy.

[0064] Examples of specific embodiments of the method
of the present invention include a method comprising
optionally placing a catalyst into a tubular flow reactor, and
introducing the starting compound, oxidative gas, and
hydrogen chloride gas into the reactor.

[0065] The starting compound may be in a liquid form
when supplied as long as the starting compound is in a
gaseous form during the reaction. For example, when the
starting compound is liquid at an ordinary temperature and
ordinary pressure, the starting compound is vaporized using
a vaporizer (vaporization region), passed through a preheat-
ing region, and then supplied to a reaction region. In this
manner, the reaction is conducted in a gas phase. When a
catalyst is used, the reaction may be carried out by supplying
the starting compound in a liquid form to a reaction appa-
ratus, heating a catalyst layer placed in the reactor to the
vaporization temperature of the starting compound or
higher, and vaporizing the starting compound when the
compound enters the reaction region.

[0066] The reactor is preferably made of a material resis-
tant to the corrosive action of hydrogen fluoride, such as
Hastelloy, Inconel, Monel, or the like.

[0067] When a catalyst is used, the contact time of the
starting compound and the catalyst is not limited; however,
an excessively short contact time results in insufficient
conversion in the reaction while an excessively long contact
time can result in an increased formation of undesirable
byproducts. Bearing this in mind, an appropriate contact
time may be selected. For example, the contact time, which
is represented by W/F, is preferably adjusted to about 0.5
to 100 grsec/mL, and more preferably about 1 to 50 g-sec/
mL. W/F is the ratio of the catalyst amount Wg to the total
flow rate F, (flow rate at 0° C., 0.1 MPa: ml./sec) of the
starting material gas supplied to the reaction system.
[0068] In the production method of the present invention,
it is preferable for the gas-phase oxychlorination reaction to
continuously produce the target compound by recycling
unreacted starting materials and by-products. Thus, the yield
of the target compound in a single gas-phase oxychlorina-
tion reaction is preferably 1% or more, and more preferably
2% or more, relative to the starting compound.

[0069] Various separation procedures and separation pro-
cesses are applicable to separation and collection of frac-
tions for recycling; separation and collection of high-boil-
ing-point fractions that have high chlorination degree and
contain the target compound; and separation and collection
of acid contents or oxidative substance, such as hydrogen
chloride, hydrogen fluoride, and chlorine gas.

[0070] Examples of a method for separating fractions
include a method of fractional distillation or rectification
using a distillation column, and a method of extractive
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distillation using a solvent. Further, an adsorption column or
a washing column may be provided to remove, during the
separation process, an acid content or oxidative substance
used in the reaction. It is also possible to provide a liquid
separation tank to remove and collect, an excessively used
acid content separated from the organic substance by con-
densation and liquefaction.

[0071] An example of an effective recycling process com-
prises transferring a reaction mixture collected from the
outlet of a reactor to a distillation column, and separating
target-compound-containing high-boiling-point fractions
with high chlorination degree (in particular, high-boiling-
point fractions having a boiling point of 30° C. or higher at
atmospheric pressure) while recycling fractions suitable for
recycling separated from the remaining low-boiling-point
fractions with low chlorination degree. It is also possible to
transfer a reaction mixture collected from the outlet of a
reactor to a distillation column, first separate low-boiling-
point component-containing fractions that are not to be
recycled and low-boiling-point fractions that are to be
recycled in this order, and then separate target-compound-
containing high-boiling-point fractions from the residue
after separation.

[0072] Low-boiling-point fractions to be recycled are
preferably those that can be converted into the target com-
pound when returned to the gas-phase oxychlorination reac-
tion, and those having a larger difference in boiling point,
compared to the boiling point of the target compound.
Specifically, fractions having a boiling point difference of
10° C. or more, compared to the boiling point of high-
boiling-point fractions, i.e., fractions having a boiling point
of 20° C. or lower at atmospheric pressure, are preferable.
Examples include HCFO-1233xf, HCFO-1233zd, HCFC-
244bb, and HCFC-244fa. Low-boiling-point fractions hav-
ing higher fluorination degree and lower boiling point than
those of the starting compound are also preferable to be
subjected to the gas-phase oxychlorination reaction again to
be recycled. Examples include HFC-245¢chb, HFO-12347e,
and HFC-245fa. When these low-boiling-point fractions are
returned to the gas-phase oxychlorination reaction, the chlo-
rination degree is gradually increased, and the low-boiling-
point fractions are eventually converted into the target
compound.

[0073] In the production method of the present invention,
a reaction mixture collected from the outlet of a reactor is
transferred to a distillation column, high-boiling-point frac-
tions having a boiling point of 30° C. or higher at atmo-
spheric pressure are separated, and recycling components
are collected from the residue after separation. This reduces
the generation of overly chlorinated by-products and carbon
dioxide gas, as well as by-products whose C—C bond is
cleaved, at the time of recycling reaction. Further, h boiling-
point fractions have a boiling point higher than ordinary
temperature, and thus have a low vapor pressure and require
no special apparatus when handling. Therefore, to separate
the target compound from these fractions is very easy in
terms of cost. HCFO-1223xd has a boiling point of 51° C.,
and CFO-1213xa has a boiling point of 88° C.

[0074] In the production method of the present invention,
necessary compounds may be separately extracted from the
fluorinated low-boiling-point fractions and used as addi-
tional target compounds. For example, HFO-1234yf, HFO-
1234ze, and the like may be separately extracted from
low-boiling-point fractions and used as additional target
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compounds. In this case, an example of the separation
process comprises transferring a reaction mixture collected
from the outlet of a reactor to a distillation column, sepa-
rating the mixture into (1) low-boiling-point fractions con-
taining hydrogen chloride; compounds, such as HFO-1234yf
and HFO-1234ze, which are to be additional target com-
pounds; and gases having a boiling point of about -20° C.
or lower, such as oxygen gas and carbon dioxide gas, and (2)
high-boiling-point fractions containing a component to be
recycled; a target-compound-containing component; and
hydrogen fluoride. Subsequently, the high-boiling-point
fractions are separated into fractions to be recycled and
target-compound-containing fractions to thereby obtain the
target compound. The low-boiling-point fractions are trans-
ferred to another distillation column, and separated into
fractions having the lowest boiling point and containing
non-condensable gas having a boiling point of about -30° C.
or lower, such as oxygen gas and carbon dioxide gas, and
low-boiling compounds that are to be additional target
compounds, such as HFO-1234yf and HFO-1234ze. The use
of such a process enables separation and production of both
the target compound and additional target compounds, such
as HFO-1234yf and HFO-1234ze.

EXAMPLES

[0075] The present invention is described in more detail
below with reference to Examples and Comparative
Examples but is not limited to these.

Example 1

[0076] A chromium oxide (Cr,0O;) catalyst (10.5 g) used
as a catalyst was placed in a tubular Hastelloy reactor having
a length of 1 m.

[0077] The reactor was heated, and nitrogen gas and
hydrogen fluoride gas were first introduced to fluorinate the
catalyst. The heating temperature and introduction rate were
performed in a stepwise manner shown in the following two
steps so as to avoid, for example, catalyst deterioration due
to the rapid reaction of the catalyst and hydrogen fluoride.
[0078] Step 1: at 200° C.; nitrogen gas: 450 Nml/min (the
flow rate at 0° C. and 0.1 MPa; the same applies hereinafter);
hydrogen fluoride gas: 50 Nml/min; 1 hour.

[0079] Step 2: at 330'C; nitrogen gas: 100 Nml/min;
hydrogen fluoride gas: 400 Nml/min; 1 hour.

[0080] The flow rates of nitrogen gas and hydrogen fluo-
ride gas, and the temperature, were changed over a period of
1.5 hours between step 1 and step 2.

[0081] Subsequently, the temperature of the reaction tube
was increased to 300° C., which was a reaction temperature,
anhydrous hydrogen fluoride gas and chlorine gas were
supplied to the reactor at flow rates of 120.0 Nml/min and
0.06 Nml/min, respectively, and the resulting product was
maintained for 0.5 hour. Thereafter, a gas of
CCI;CHCICH,CI (HCC-240db) was supplied as a starting
compound precursor at a flow rate of 6.0 Nml/min. The total
flow rate F, was 126.06 Nml/min, and the contact time W/F,
represented by the amount W of catalyst placed and F, was
5 g/Nml-sec. The molar equivalent ratio of the anhydrous
hydrogen fluoride gas to the starting material supplied was
20, and the molar equivalent ratio of the chlorine gas to the
starting material supplied was 0.01.

[0082] About 30 hours later, effluent gas from the reactor
was analyzed using gas chromatography (GC), and the
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following were calculated based on the area of gas chroma-
tography: the starting material conversion ratio; the selec-
tivity of 1223xd; the total selectivity of 1234yf, 245¢cb, and
1234ze as reaction products having a boiling point of 0° C.
or lower; the total selectivity of 244bb and 1233zd as
reaction products having a boiling point of 0 to 20° C.; the
selectivity of 1233xf; and the selectivity of non-recyclable
decomposition product.

[0083] Table 2 shows the results.
Example 2
[0084] As a catalyst, a chromium oxide Cr,O; catalyst

(10.0 g) containing vanadium oxide V,0O5 in an amount of
20 mol % at a metal atom ratio was placed in a tubular
Hastelloy reactor having a length of 1 m.

[0085] The catalyst was fluorinated as in the method of
Example 1. Thereafter, the temperature of the reaction tube
was increased to 350° C., which is a reaction temperature,
anhydrous hydrogen fluoride gas and oxygen gas were
supplied to the reactor at flow rates of 60.0 Nml/min and 0.6
Nml/min, respectively, and the resulting product was main-
tained for 0.5 hour. Thereafter, a as of CF;CCl—CH,
(HCFO-1233xf) was supplied as a starting material at a flow
rate of 6.0 Nml/min. The total flow rate F, was 66.6
Nml/min, and the contact time W/F, was 9 g/Nml-sec. The
molar equivalent ratio of the anhydrous hydrogen fluoride
gas to the starting material supplied was 10, and the molar
equivalent ratio of the oxygen gas to the starting material
supplied was 0.10.

[0086] About 30 hours later, effluent gas from the reactor
was analyzed as in Example 1, and the following were
calculated, based on the area of gas chromatography: the
starting material conversion ratio; the selectivity of 1223xd;
the total selectivity of 1234yf, 245cb, and 1234ze as reaction
products having a boiling point of 0° C. or lower; the total
selectivity of 244bb and 1233zd as reaction products having
a boiling point of 0 to 20° C.; and the selectivity of
non-recyclable decomposition product. Table 2 shows the
results.

Example 3

[0087] A reaction was performed as in Example 2, except
that a chromium oxide Cr,O; catalyst containing ruthenium
oxide RuO, was used in an amount of 5 mol % at a metal
atom ratio as the catalyst. Table 2 shows the results.

Example 4

[0088] A reaction was performed as in Example 2, except
that a chromium oxide Cr,O; catalyst (50.0 g) containing
copper oxide CuO was used in an amount of 20 mol % at a
metal atom ratio as the catalyst. Table 2 shows the results.

Example 5

[0089] A reaction was performed as in Example 2, using
1233xf as a starting material. However, a chromium oxide
Cr,; catalyst was used as the catalyst, the reaction tempera-
ture was adjusted to 300° C., the HF supply amount was
adjusted to 57.75 Nml/min, the HCFC-1233xf supply
amount was adjusted to 8.25 Nml/min, and the molar
equivalent ratio of the HF supplied to the starting material
was adjusted to 7. Then, chlorine gas was supplied at 0.06
Nml/min in place of oxygen gas. Table 2 shows the results.
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Example 6

[0090] A reaction was performed as in Example 2, except
that a chromium oxide Cr,O; catalyst containing pentava-
lent molybdenum oxide in an amount of 10 mol % at a metal
atom ratio was used as the catalyst. Table 2 shows the
results.

Example 7

Example in which Outlet Gas in Example 2 was
Recycled

[0091] Table 1 shows the composition (GC %) at each
place when recycling was performed.
TABLE 1
Dis- Dis-
tillation tillation Separation
column column  column
Recycling  Reactor High Low Low
Supply supply outlet boiling boiling  boiling
Place 1 2 3 4 5 6
1223xd — 0 3 94 0 0
1213xa — 0 0 0 0 0
1233xf 100 88 70 0 71 0
1233zd — 1 <1 0 1 0
1234yf — 4 13 0 14 53
1234ze — 2 2 0 2 3
245¢h 4 4 0 4 4
Co, — 0 6 0 6 35
Others — 1 2 6 2 5

Comparative Example 1

Example in which Reaction of 1233xf was
Performed Using Cr,O, Catalyst without Using
Oxygen

[0092] The reaction evaluation was performed as in
Example 2, except that a chromium oxide Cr,0O; catalyst
was used as a catalyst, and oxidative gas was not supplied.
Table 2 shows the results.

Comparative Example 2

Example in which Cr Catalyst Containing V was
Used, and the Reaction Temperature was Increased
to Increase 1223xd

[0093] The reaction evaluation was performed as in
Example 2, except that the amount of catalyst was increased
to 22.2 g, and the reaction temperature was changed to 400°
C., to increase the production amount of 1223xd. Table 2
shows the results.
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TABLE 2
Comp. Comp.
Ex 1 Ex 2 Ex 3 Ex 4 Ex 5 Ex 6 Ex. 1 Ex. 2
Catalyst Cr V—Cr Ru—Cr Cu—Cr Cr Mo—<Cr Cr V—Cr
Starting material 240db 1233xf 1233%f 1233xf 1233%f 1233xf 1233%f 1233xf
Oxidative gas Chlorine  Oxygen Oxygen Oxygen  Chlorine  Oxygen None Oxygen
Hydrogen chloride  Generated Generated Generated Generated Generated Generated Generated Generated
within within within within within within within within
system system system system system system system system
HF/starting material 20 10 10 10 7 10 10 10
Oxidative gas 0.01 0.10 0.10 0.10 0.01 0.10 0 0.10
amount/starting
material
Contact time 5 20 9 45 20 9 9 20
W/F,
Reaction time 300 350 350 350 300 350 350 400
°C.
Conversion ratio 100 30 10 20 7 19 10 60
GC %
1223xd 7.8 8 3.4 12 15 4 0.04 15
Selectivity
GC %
1234yf + 245¢h + 1 65 60 64 48 75 97 15
1234ze
selectivity
GC %
1233zd + 244bb 3 1 8 1 11 4 2 5
selectivity GC %
1233xf selectivity 83 — — — — — — —
GC %
Non-recyclable 0 26 20 2 0.5 13 0 65
by-product selectivity
GC %
[0094] In Table 2, the “I-IF/starting material” represents a [0103] 5. Distillation column outlet (separation of low-
molar ratio of HF to the starting material fed to the reactor, boiling-point fractions)
and the “oxidative gas amount/starting material” represents [0104] 6. Separation column outlet (separation of low-

a molar ratio of oxidation gas to the starting material fed to
the reactor. The unit of contact time W/F, is g/Nml-sec.
[0095] In the production method of the present invention,
a mechanism in which the target compound is obtained by
subjecting a starting compound to a gas-phase oxychlorina-
tion reaction is assumed to be equal to, for example, a
mechanism in which hydrogen on the carbon in the starting
compound is replaced with Cl by a substitution reaction
involving chlorine radicals, and further to a mechanism in
which, when the starting compound is an olefin compound,
Cl, is added to the double bond of an olefin compound to
once give a saturated compound, and then HCL is removed,
resulting in substitution with Cl. The production method of
the present invention is capable of producing CFO-1213xa,
which suggests that the production method of the present
invention is capable of producing, based on the same mecha-
nism, other target compounds, such as HCFO-1223xd or
CF;CH—CCI, (HCFO-1223za), which is the intermediate
thereof.

EXPLANATION OF REFERENCE NUMERALS

[0096] A. Reactor

[0097] B. Distillation column

[0098] C. Low-boiling-point separation column
[0099] 1. Supply of starting compound etc.
[0100] 2. Recycling

[0101] 3. Reactor outlet

[0102] 4. Distillation column outlet (separation of high-
boiling-point fractions)

boiling-point fractions)

1. A method for producing a composition containing at
least one fluorine-containing olefin selected from 1,2-di-
chloro-3,3,3-trifluoropropene (HCFO-1223xd) and 1,1,2-
trichloro-3,3,3-trifluoropropene (CFO-1213xa),

the method comprising

subjecting at least one starting compound selected from a

chlorine-containing alkane represented by Formula
(1-1): CF;CHXCHX,, wherein each X is indepen-
dently H or Cl, with the proviso that at least one X
represents Cl, and a chlorine-containing alkene repre-
sented by Formula (1-2): CF,;CX—CX,, wherein each
X is independently H or Cl, with the proviso that at
least one X represents Cl,

to a gas-phase oxychlorination reaction in a temperature

range of 380° C. or lower in the presence of oxidative gas

and hydrogen chloride gas.

2. The production method according to claim 1, wherein
the starting compound is at least one member selected from
the group consisting of 2,3-dichloro-1,1,1-trifluoropropane
(HCFC-243db), 3,3-dichloro-1,1,1-trifluoropropane
(HCFC-243fa), 2-chloro-3,3,3-trifluoropropene (HCFO-
1233xf), and 1-chloro-3,3,3-trifluoropropene (HCFO-
1233zd).

3. The production method according to claim 1, wherein
the starting compound is 2-chloro-3,3,3-trifluoropropene
(HCFO-1233x1).

4. The production method according to claim 1,

the method comprising

subjecting at least one starting compound precursor

selected from a chlorine-containing alkane represented
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by Formula (2-1): CY;CHXCHX,, wherein each X is
independently H or Cl, with the proviso that at least two
X’s represent Cl, and each Y is independently F or Cl,
and

a chlorine-containing alkene represented by Formula
(2-2): CX;CX—CX,, wherein each X is independently
H or Cl, with the proviso that at least two X’s represent
Cl,

to a gas-phase fluorination reaction using hydrogen fluo-
ride to convert the precursor into the starting com-
pound; and

subjecting the starting compound obtained by the conver-
sion to a gas-phase oxychlorination reaction in a tem-
perature range of 380° C. or lower in the presence of
oxidative gas and hydrogen chloride gas to obtain the
composition.

5. The production method according to claim 4,

wherein the starting compound precursor is at least one
member selected from the group consisting of

1,1,1,2,3-pentachloropropane (HCC-240db), 1,1,1,3,3-
pentachloropropane (HCC-240fa), 1,1,1,3-tetrachloro-
propane (HCC-2501b), 1,1,2,3-tetrachloro-1-fluoropro-
pane (HCFC-241db), 1,2,3-trichloro-1,1-
difluoropropane (HCFC-242dc), 1,1,3,3-tetrachloro-1-

fluvoropropane  (HCFC-241fa), 1,3,3-trichloro-1,1-
difluoropropane (HCFC-242fa), 1,1,2,3-
tetrachloropropene (HCO-1230xa), 2,3,3,3-
tetrachloropropene  (HCO-1230xf), and 1,1,3,3-

tetrachloropropene (HCO-1230za).

6. The production method according to claim 1,

the method comprising

a step of generating hydrogen chloride gas by subjecting

a part of the starting compound to a gas-phase fluori-
nation reaction using hydrogen fluoride,
wherein the generated hydrogen chloride gas is used as part
or all of the hydrogen chloride gas used in the gas-phase
oxychlorination reaction.

7. The production method according to claim 4, wherein
part or all of the hydrogen chloride gas used in the gas-phase
oxychlorination reaction is hydrogen chloride gas generated
when the starting compound precursor is subjected to a
gas-phase fluorination reaction using hydrogen fluoride.

8. The production method according to claim 1,

the method comprising

a step of separating a high-boiling-point fraction having a

boiling point of 30° C. or higher at atmospheric pres-
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sure and containing at least one of HCFO-1223xd and
CFO-1213xa from the composition.

9. The production method according to claim 1, the
method comprising:

a step of separating a high-boiling-point fraction having a
boiling point of 30° C. or higher at atmospheric pres-
sure and containing at least one of HCFO-1223xd and
CFO-1213xa from the composition; and

a step of recycling a part or all of compounds from the
residue after separation, contain three carbon atoms,
and have a boiling point lower than that of HCFO-
1223xd, into the gas-phase oxychlorination reaction.

10. The production method according to claim 1, wherein
the oxidative gas is at least one of oxygen gas and chlorine
gas.

11. The production method according to claim 10,
wherein the oxidative gas is the oxygen gas, and the oxygen
gas is used at the time of the gas-phase oxychlorination
reaction in an amount of 3 equivalents or less, relative to
total organic substances.

12. The production method according to claim 10,
wherein the oxidative gas is the chlorine gas, and the
chlorine gas is used at the time of the gas-phase oxychlo-
rination reaction in an amount of 0.5 equivalent or less,
relative to total organic substances.

13. The production method according to claim 10,
wherein the oxidative gas is the oxygen gas, and the gas-
phase oxychlorination reaction is performed in a tempera-
ture range of 300 to 380° C.

14. The production method according to claim 10,
wherein the oxidative gas is the chlorine gas, and the
gas-phase oxychlorination reaction is performed in a tem-
perature range of 150 to 350° C.

15. The production method according to claim 1, wherein
the gas-phase oxychlorination reaction is performed using a
catalyst containing at least one member selected from the
group consisting of chromium, copper, tin, ruthenium, vana-
dium, niobium, molybdenum, rhodium, antimony, osmium,
manganese, cobalt, and platinum.

16. The production method according to claim 15,
wherein the catalyst is supported on at least one carrier
selected from the group consisting of chromia, alumina,
zirconia, titania, chromium fluoride, and aluminium fluo-
ride.



