wo 20107123148 A1 I 10K O 0RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization. /25 | )| HIIHND 000000100 0.0 0 0 0
A 5 (10) International Publication Number
(43) International Publication Date Vs
28 October 2010 (28.10.2010) WO 2010/123148 Al

(51) International Patent Classification: (74) Agent: Saegusa & Partners; Kitahama TNK Building,
CO07C 17/20 (2006.01) C07C 21/18 (2006.01) 1-7-1, Doshomachi, Chuo-ku, Osaka-shi, Osaka, 5410045

C07C 17/25 (2006.01) (IP).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/JP2010/057530 kind of national protection available). AE, AG, AL, AM,
R A0, A% AU AC B 0BG, i o o 5
21 April 2010 (21.04.2010) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM. GT.,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
61/202,966 23 April 2009 (23.04.2009) Us SE, 5G, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN, 1R,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): DAIKIN
INDUSTRIES, LTD. [JP/JP]; Umeda Center Building (84) Designated States (unless otherwise indicated, for every

4-12, Nakazaki-Nishi 2-Chome, Kita-ku, Osaka-shi, Osa- kind of regional protection available): ARIPO (BW, GH,

ka, 5308323 (JP). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventors; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(75) Inventors/Applicants (for US only): NOSE, Masatoshi ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[JP/JP]; c/o Yodogawa Seisakusho, DAIKIN INDUS- MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

TRIES, LTD., 1-1, Nishihitotsuya, Settsu-shi, Osaka, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
5660044 (JP). SUZUKI, Atsushi [JP/JP]; ¢/o Yodogawa ML, MR, NE, SN, TD, TG).

Seisakusho, DAIKIN INDUSTRIES, LTD., 1-1, Nishihi- .
totsuya, Settsu-shi, Osaka, 5660044 (JP). YAMASHITA, Published:

Tsuneo [JP/JP]; c/o Yodogawa Seisakusho, DAIKIN IN- —  with international search report (Art. 21(3))
DUSTRIES, LTD., 1-1, Nishihitotsuya, Settsu-shi, Osaka,
5660044 (JP). KATSUKAWA, Kenichi [JP/JP]; ¢c/o Yo-
dogawa Seisakusho, DAIKIN INDUSTRIES, LTD., 1-1,
Nishihitotsuya, Settsu-shi, Osaka, 5660044 (JP).

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: PROCESS FOR PREPARING 2-CHLORO-3,3,3-TRIFLUOROPROPENE

(57) Abstract: The present invention provides a process for preparing 2-chloro-3,3,3-trifluoropropene including subjecting, in the
absence of a catalyst, at least one chlorine-containing compound selected from the group consisting of chloropropane represented
by formula (1): CCIX,CHCICH,C], wherein each X is the same or different and each represents Cl or F, chloropropene represent-
ed by formula (2): CC1Y,CCl=CH,, wherein each Y is the same or ditferent and each represents Cl or F, and chloropropene repre-
sented by formula (3): CZ,=CCICHCl, wherein each Z is the same or different and each represents Cl or F, to a reaction with hy-
drogen fluoride under heating in a gas phase. According to the present invention, 2-chloro-3,3,3-trifluoropropene (HCFC-1233xf)
can be effectively prepared by an easy and economically advantageous process that is suitable for industrial scale production.
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DESCRIPTION

Title of Invention: PROCESS FOR PREPARING 2-CHLORO-3, 3, 3-
TRIFLUOROPROPENE

Technical Field
The present invention relates to a process for

preparing 2-chloro-3, 3, 3-trifluoropropene.

Background Art

2-Chloro-3, 3, 3-trifluoropropene (HCFC-1233xf)
represented by the formula CF3;CCl=CH; is a compound that is useful
as an intermediate for producing various kinds of fluorocarbons,
and also as a monomer component of various kinds of polymers.

A known process for preparing HCFC-1233xf comprises
reacting anhydrous hydrogen fluoride (HF) in a gas phase in the
presence of a catalyst. For example, Patent Literature (PTL) 1
listed below discloses a process comprising fluorination of
1,1,2,3-tetrachloropropene (HCC-1230xa, CCl,=CClCH,Cl) in a gas
phase in the presence of a chromium-based catalyst. Patent
Literature 2 listed below also reports a process comprising
fluorination of 1,1,2,3-tetrachloropropene in a gas phase using a

chromium-based catalyst. Further, Patent Literature 3 teaches

that 1,1,2,3-tetrachloropropene (HCC-1230xa), 1,1,1,2,3-

pentachloropropane (HCC-240db), 2,3,3,3-tetrachloropropene (HCC-
1230xf), etc. can be fluorinated in the presence of a stabilizer
for minimizing catalyst deterioration.

However, the processes disclosed in the above
literature suffer from various disadvantages. For example,

further improvement in the yield of HCFC-1233xf is required, the

use of a catalyst is costly, and many products are produced by

the reaction in addition to the target product of HCFC-1233xf,
resulting in unsatisfactory selectivity. Further, since catalytic
activity tends to decrease as a reaction proceeds, there have
been many attempts to use a stabilizer for the purpose of

minimizing catalyst deactivation.
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Patent Literature 4 discloses a process comprising
reacting 1,1,2,3-tetrachloropropene (HCC-1230xa) with anhydrous
hydrogen fluoride (HF) in a liquid phase in the presence of a
halogenated antimony catalyst. However, this process is
unsuitable for industrial production, because handling the
catalyst is difficult, the process is uneconomical due to the
occurrence of reactor corrosion, necessity for waste treatment,
etc., and dealing with the process is problematic. Patent
Literature 5 reports that HCFCf1233xf can be prepared by reacting
1,1,2,3-tetrachloropropene (HCC-1230xa) with anhydrous hydrogen
fluoride (HF) in a liquid phase in the absence of a catalyst.
However, this process is not suitable for industrial-scale
production, because a longer reaction time is required as a
result of its low reaction rate, an ovefly large amount of HF is
necessary, severe reaction conditions under high pressure are
necessitated, etc.

As described above, a process by which HCFC-1233xf is
easily and economically prepared at a high yield has not yet been
established.

Citation List
Patent Literature
PTL 1: WO 2007/079431 A2
PTL 2: WO 2008/054781 Al
PTL 3: WO 2009/015317 Al
PTL 4: US 2009/0030247 Al
PTL 5: WO 2009/003084 Al

Summary of Invention
Technical Problem
The present invention has been accomplished in view of
the current status of the foregoing prior art. The main object of
the present invention is to provide a process capable of
effectively preparing 2-chloro-3, 3, 3-trifluoropropene (HCFC-
1233xf), the process being easily conducted, economically

advantageous, and suitable for industrial scale production.
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Solution to Problem

The present inventors conducted extensive research to
achieve the above object. As a result, the present inventors
found the following. That is, a process in which a chloropropane
or chloropropene compound represented by a specific formula is
used as a starting material and is subjected to a reaction with
hydrogen fluoride under heating in a gas phase in the absence of
a catalyst can prepare the target HCFC-1233xf at a high yield in
a single reaction step within a relatively short reaction time
while eliminating the drawbacks of known preparation processes of
HCFC-1233xf. Thus, the process enables efficient production on an
industrial scale. The present invention has been accomplished in
view of the above findings.

Specifically, the present invention provides a process
for preparing 2-chloro-3, 3, 3-trifluoropropene, as summarized
below.

1. A process for preparing 2-chloro-3, 3, 3-
trifluoropropene comprising subjecting, in the absence of a
catalyst, at least one chlorine-containing compound selected from °
the group consisting of chloropropane represented by formula (1):
CC1X,CHCI1CH,Cl, wherein each X is the same or different and each
represents Cl or F, chloropropene represented by formula (2):
CClY,CCl=CH,, wherein each Y is the same or different and each
represents Cl or F, and chloropropene represented by formula (3):
CZ,=CC1lCH,Cl, wherein each Z is the same or different and each
represents Cl or F, to a reaction with hydrogen fluoride under
heating in a gas phase.

2. The process for preparing 2-chloro-3, 3, 3-
trifluoropropene according to Item 1, wherein the chlorine-
containing compound used as a starting material is at least one
compound selected from the group consisting of 1,1,1,2,3-
pentachloropropane, 2,3,3,3-tetrachloropropene, and 1,1,2,3-
tetrachloropropene.

3. The process for preparing 2-chloro-3,3,3-
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trifluoropropene according to Item 1 or 2, wherein the hydrogen

fluoride is used in an amount of 5 to 30 mol relative to 1.mol of

. the chlorine-containing compound used as a starting material, and

the reaction is carried out at 300°C to 500°C.

4. A process for preparing 2-chloro-3, 3, 3-
trifluoropropene, comprising the step of, after the preparation
of 2-chloro-3,3,3-trifluoropropene in accordance with the process
of any of Items 1 to 3, recycling at least one chlorine-
containing compound contained in a product obtained during the
preparation and selected from the group consisting of the
chloropropane represented by formula (1): CClX,CHCICH,Cl, wherein
each X is the same or different and each represents Cl or F, the
chloropropene repfesented by formula (2): CClY,CCl=CH,, wherein
each Y is the same or different and each represents Cl or F, and
the chloropropene represented by formula (3): CZ,=CClCH,C1,
wherein each Z is the same or different and each represents Cl or

F, as a starting compound.

Hereinafter, the process for preparing 2-chloro-3,3,3-
trifluoropropene of the present invention is described in more
detail.

(1) Starting compound

In the present invention, at least one chlorine-
containing compound selected from the group consisting of
chloropropane represented by formula (1): CClX,CHCICH,Cl, wherein
each X is the same or different and each represents Cl or F,
chloropropene represented by formula (2): CClY,CCl=CH,, wherein
each Y is the same or different and each represents Cl or F, and
chloropropene represented by formula (3): CZ,=CClCH,Cl, wherein
each Z is the same or different and each represents Cl or F, is
utilized as a starting compound. By subjecting the chlorine-
containing compound used as a starting material to a reaction
with hydrogen fluoride under the conditions mentioned below, a
target 2-chloro-3,3,3-trifluoropropene (HCFC-1233xf) can be

prepared in a single reaction step at a high yield.
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Of the aforementioned starting compounds, specific
examples of chloropropane represented by formula (1):
CC1X,CHCICH,C1l include CC13CHCICH,C1l (HCC-240db, bp. 179°C/760 mmHg,
51°C to 53°C/3 mmHg), CFC1,CHCICH,Cl (HCFC-241db, bp. 157°C),
CF,C1CHCICH,Cl (HCFC-242dc, bp. 113°C to 114°C), and the like;
specific examples of chloropropene répresented by formula (2):
CClY,CC1l=CH, include CC13CC1=CH, (HCC-1230xf, bp. 128°C),
CFC1,CC1=CH, (HCFC-1231xf, bp. 98.5°C to 99°C), CF,C1CCl=CH, (HCFC-
1232xf, bp. 57°C to 58°C), and the like; and specific examples of
chloropropene represented by formula (3): CZ,=CClCH,Cl include
CC1,=CC1CH,Cl (HCC-1230xa, bp. 138°C), CFC1l=CCICH,Cl (HCFC-1231xb),
CF,=CClCH,C1 (HCFC-1232xc), and the like.

Of the above starting compounds, HCC-240db
(CC13CHCI1CH,C1 (1,1,1,2,3-pentachloropropane)), HCC-1230xf
(CC13CC1=CH, (2,3,3,3-tetrachloropropene)) and HCC-1230xa
(CC1l,=CC1CH,C1l (1,1,2,3-tetrachloropropene)) are particularly
advantageous, because these compounds are easily obtainable and
inexpensive.

In the present invention, the aforementioned starting
compounds can be used singly or in a combination of two or more.
(2) Reaction method '

The preparation process of the present invention
comprises subjecting the aforementioned starting compound to a
reaction with hydrogen fluoride under heating in a gas phase in
the absence of a catalyst.

The reaction of the aforementioned starting compound
with hydrogen fluoride under the conditions mentioned above can
prepare a target 2-chloro-3,3,3-trifluoropropene (HCFC-1233xf) in
a single reaction step with high selectivity.

In the preparation process of the present invention, it
is important that the aforementioned starting compound undergoes
a reaction with hydrogen fluoride in a gas phase. The starting
compound may be, however, in a liquid phase at the time of supply,
insofar as the starting compound is in a gas phase when brought

into contact with hydrogen fluoride in the reaction temperature
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region mentioned below. For example, when the starting compound
is liquid at normal temperature under normal pressure, the
starting compound is evaporated with an evaporator (evaporation
region) and is subsequently allowed to pass through a preheating
region to be supplied to a mixing region where it is brought into
contact with anhydrous hydrogen fluoride. This enables the
reaction to be carried out in a gas phase. The reaction may also
be carried out by supplying the starting compound in a liquid
phase to a reactor, and evaporating the compound when the
compound enters a reaction region to react with hydrogen fluoride.
There is no limitation to the method for evaporating the starting
compound in the reaction region. The starting compound may be
evaporated into a gas phase by, for example, filling a reaction
tube with a material that exhibits excellent thermal conductivity,
exerts no catalytic activity in the reaction of the present
invention, and is stable to hydrogen fluoride, such as nickel
beads, Hastelloy pellets, or the like, so as to homogenize the
temperature distribution within the reaction tube, heating the
reaction tube to not less than the evaporation temperature of the
starting compound, and supplying the starting compound in a
liquid phase thereinto.

Hydrogen fluoride is usually fed to the reactor in a
gas phase with the starting compound. The amount of hydrogen
fluoride is generally about 3 mol or more, preferably from about
5 to about 100 mol, and more preferably from about 5 to about 30
mol, per 1 mol of the starting compound. This amount range can
maintain both the conversion rate of the starting compound and
the selectivity of HCFC-1233xf within a desirable range.

The aforementioned starting material may be fed to the
reactor as is, or may be diluted with an inert gas, such as
nitrogen, helium, argon or the like, to be fed to the reactor.

There is no limitation to the form of the reactor used
in the process of the present invention. Examples of usable
reactors include a hollow adiabatic reactor, an adiabatic reactor

packed with a porous or nonporous metal or medium that improves



10

15

20

25

30

35

WO 2010/123148 PCT/JP2010/057530

-7-
the gas-phase mixing state between hydrogen fluoride and the
starting material. Also usable is a multitubular reactor in which
a heat transmitting medium is.used to cool the reactor and to
homogenize the temperature distribution within the reactor. 1In
the case where a hollow reactor is utilized, when a reaction tube
having a smaller inner diameter is used to improve heat transfer
efficiency, it is preferable, for example, that the ratio of the
flow rate of the starting material to the inner diameter of the
reaction tube is adjusted so that the linear velocity is high and
the heat transfer area is large.

It is preferable that the reactor be formed of a
material that is resistant to the corrosive action of hydrogen
fluoride, such as HASTELLOY®, INCONEL®, MONEL®, and INCOLLOY®.

In the process of the present invention, the
temperature in the reactor is generally about 250°C to about
600°C, preferably about 300°C to about 500°C, and more preferably
about 350°C to about 450°C. When the temperature exceeds the
upper limit of this temperature range, the selectivity of HCFC-
1233xf will be undesirably reduced, and reactor corrosion will
tend to be accelerated. When the temperature is lower than the
lower limit of this temperature range, the conversion rate of the
starting compound will undesirably decrease. When the reaction is
performed at a temperature higher than 450°C, carbide may be
generated and adhere to or be deposited on the reaction tube wall
or filler, which gradually clogs the inside of a reactor. In this
case, the carbide residue in the reaction tube may be removed by
combustion by introducing oxygen into the reaction system
together with the starting compound, or by halfing the reaction
once and allowing oxygen or air to pass through the reactor.

There is no limitation to the pressure during the
reaction insofar as the aforementioned starting compound and
hydrogen fluoride are present in a gas phase. The reaction may be
carried out under any pressure, i.e.} normal pressure, increased
pressure, or reduced pressure. Specifically, the preparation

process of the present invention may be conducted under reduced
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pressure or atmospheric pressure (0.1 MPa), and may also be
conducted under increased pressure so long as the starting
material does not turn into the liquid phase.

There is no particular limitation to the reaction time,
but the contact (residence) time, which is generally determined
by V/Fy, may be adjusted to a range of 0.1 to 100 sec, preferably
about 1 to about 30 sec. V/Fy is a ratio of a reaction volume V
(cc), i.e., a volume of a reaction space, in a gas phase to a
total flow rate Fy (flow rate at 0°C, 0.1 MPa: cc/sec) of starting
material gases (starting compound, hydrogen fluoride and an inert
gas) introduced into the reaction system.

Under the above reaction conditions, a reaction product
comprising CF3;CCl=CH, (2-chloro-3,3,3-trifluoropropene, HCFC-
1233xf) can be obtained at the reactor outlet. HCFC-1233xf may be
collected after being purified by distillation or another method.
The collected product may be used for a desired purpose as is, or
may be converted into another compound.

In the production process of the present invention, the
reaction product contains, in addition to HCFC-1233xf,
CCl,=CC1CH,C1 (HCC-1230xa), CC1l3CCl=CH, (HCC-1230xf),

CFC1,CHCICH,C1 (HCFC-241db), CFCl,CCl1=CH, (HCFC-1231xf),
CF,C1CHCICH,C1 (HCFC—242dc), CF,C1CC1=CH, (HCFC-1232xf), and the
like. These compounds are produced as precursors of HCFC-1233xf,
depending on the type of starting material used and the reaction
conditions employed, and are all usable as a starting material in
the preparation process of the present invention.

In the production process of the present invention,
after HCFC-1233xf is isolated and collected, the above precursors
contained in the reaction product and the unreacted starting
materials, i.e., the chlorine-containing compounds represented by
formulae (1), (2) and (3), may be returned to the reactor, so
that they can be recycled and reused as starting materials. As
described above, by recycling the precursors of HCFC-1233xf and
the unreacted starting materials, even if the conversion rate of

the starting materials is low, ‘a high productivity can be
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maintained.

Advantageous Effects of Invention

According to the process of the present invention, 2-
Chloro—3,3,3—trifluoropropene (HCFC-1233xf) can be prepared in a
single step reaction at a remarkably high yield with relatively
short contact time by using a chlorine-containing compound
represented by a specific formula as a starting material.

Further, the process of the present invention can be
performed under mild conditions, i.e., normal pressure, reduced
pressure, or the like, and it utilizes a gas phase reaction that
is suitable for continuous preparation.

In addition, the process of the present invention
eliminates the defects that occur in the known preparation
processes utilizing catalysts. The target 2-chloro-3, 3, 3-
trifluoropropene can be obtained with higher selectivity.

As described above, the process of the present
invention is highly advantageous for industrial application for

preparing 2-chloro-3, 3, 3-trifluoropropene (HCFC-1233xf).

Brief Description of Drawings

Fig. 1 shows the schematics of the reactor used in
Examples 1 to 6.

Fig. 2 shows the schematics of the reactor used in

Examples 7 to 14.

Description of Embodiments

Hereunder, the present invention is described in more
detail with reference to Production Examples of 1,1,1,2,3-
pentachloropropane (HCC-240db), 1,1,2,3-tetrachloropropene (HCC-
1230xa),. and 2,3,3,3-tetrachloropropene (HCC-1230xf), which are
used as starting materials, and with reference to Examples of the
present invention.

Production Example 1

1,1,1,2,3-Pentachloropropane (HCC-240db) was prepared
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by sequentially performing the following Steps (1) to (3).
(1) Preparation step of 1,1,1,3-tetrachloropropane (HCC-250fb)

A 1,000 ml autoclave equipped with a thermometer, a
vacuum line, a nitrogen purge line, a feeding line, a gauge, and
a pressure relief valve was charged with 9.72 g (171 mmol) of
soft iron powder, 48 g (260 mmol) of triethyl phosphate, 200 mg
of feriic chloride, and 810 g (5.26 mol) of carbon tetrachloride,
and was purged 5 times with nitrogen, and once with ethylene. The
autoclave was then evacuated and charged, under stirring, with
ethylene to a gauge pressure of 0.4 MPa. When the autoclave was
heated to 110°C, the reaction was initiated, and the internal
temperature was increased to 134°C, while the pressure was
decreased from 0.8 MPa to 0.25 MPa. The ethylene pressure was
maintained at 0.8 MPa, and stirring was performed at an internal
temperature of 120°C for 9 hours. Thereafter, 24 g (130 mmol) of
triethyl phosphate was injected into the autoclave, and the
reaction was allowed to proceed at 120°C for 7 hours.

After completion of the reaction, the crude product was
analyzed by gas chromatography, and complete consumption of
carbon tetrachloride was thereby confirmed. The crude product was
washed twice with water having a volume 3 times that of the crude
product, and the organic layer was dried over magnesium sulfate
to obtain HCC-250fb having a purity bf 79.8%, as determined by
gas chromatography. The by-product was an oligomer in which HC1
was added to ethylene.

The obtained crude product was distilled under reduced
pressure (10 mmHg), and a fraction at 70°C to 74°C was collected
to obtain 814 g of HCC-250fb at a purity of 98% or more (4.94 mol,
yield: 91%).

(2) Preparation step of 1,1,3-trichloropropene (HCC-1240za) and
3,3,3-trichloropropene (HCC-1240zf)

A 1,000 ml four-necked flask equipped with a
thermometer and a condenser tube was charged with 540 g (3.0 mol)
of HCC-250fb obtained in Step (1) above, 630 g of 40% aqueous KOH
solution, and 10 g of phase-transfer catalyst (Aliquat 336). The
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reaction was allowed to proceed under stirring at 80°C in an oil
bath for 3 hours. After completion of the reaction, the resulting
product was cooled and distilled under reduced pressure (10 to 20
mmHg), and a fraction at 67.7°C to 81.9°C was collected to obtain
390 g of a mixture of HCC-1240zf and HCC-1240za (HCC-1240zf:HCC-
1240za = 62:38 (2.68 mol, yield: 89.3%)).

(3) Preparation step of 1,1,1,2,3-pentachloropropane (HCC-240db)

A 500 ml flask equipped with a high-pressure mercury
vapor lamp, a magnetic stirrer and two gas ports was charged with
265 g of the mixture of the 1,1,3-trichloropropene (HCC-1240za)
and 3,3,3-trichloropropene (HCC-1240zf) obtained in Step (2)
above, which was allowed to cool to 0°C in an ice bath. The
content was stirred under irradiation with ultraviolet light, and
chlorine gas was introduced at 20 to 120 mL/min from one of the
gas ports to the area above the liquid surface of the content.
The reaction mixture was intermittently sampled, and analyzed by
gas chromatography to measure the degree of chlorination. Three
hours later, the trichloropropene was entirely consumed, and 370
g of product was obtained. The obtained product was distilled
under reduced pressure (3 mmHg), and a fraction at 51°C to 53°C
was collected to obtain 330 g of 1,1,1,2,3-pentachloropropane
(HCC-240db) at a purity of 99.6%.

Production Example 2

The following process was performed to prepare a
mixture of 1,1,2,3-tetrachloropropene (HCC-1230xa) and 2, 3,3, 3-
tetrachloropropene (HCC-1230xf).
Preparation process of 1,1,2,3-tetrachloropropene (HCC-1230xa)

and 2,3,3,3-tetrachloropropene (HCC-1230xf)

A 1,000 ml four-necked flask equipped with a
thermometer and a condenser tube was charged with 330 g (1.52
mol) of 1,1,1,2,3-pentachloropropane (HCC-240db) obtained in Step
(3) of Production Example 1, 310 g of 40% aqueous KOH solution,
and 6 g of phase-transfer catalyst (Aliquat 336). The reaction
was allowed to proceed under stirring at 80°C in an oil bath for

3 hours. After completion of the reaction, the resulting product
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was cooled and distilled under reduced pressure (1 mmHg), and a
fraction at 20°C to 22°C was collected to obtain 259 g of a
mixture of HCC-1230xa and HCC-1230xf (HCC-1230xa:HCC-1230xf =
38:62 (1.44 mol, yield: 94.8%)) at a purity of 99.9%.
Example 1

A tubular reactor made.of HASTELLOY®, having an inner
diameter of 10 mm and a length of 82 cm was packed with 94.5 g of
nickel beads (cylinder shaped, diameter: 2 mm; height: 2 mm) that
were inactive in the reaction. The length of the packed nickel
beads was 23 cm, and the void volume of this packed bed of the
nickel beads was 6.9 cm’. An insertion tube was introduced inside
the reaction tube from the top to measure the temperature inside
the reaction tube including the nickel bead-packed bed. Fig. 1
shows the schematics of the reactor. The reaction tube was
maintained at atmospheric pressure (0.1 MPa) and a temperature of
400°C, and anhydrous hydrogen fluoride (HF) was continuously
introduced into the reactor at 120 cc/min (flow rate at 0°C and
0.1 MPa) for 0.5 hours. Thereafter, while continuing the supply
of HF, 1,1,1,2,3-pentachloropropane (HCC-240db, purity: 99.6%)
was continuously supplied at a rate of 6.0 cc/min (flow rate at
0°C and 0.1 MPa) by adding 1,1,1,2,3-pentachloropropane dropwise
in a liquid phase from the upper portion of the reaction tube,
and the internal temperature of the nickel bead-packed bed was
maintained at 400°C to initiate the reaction. In this process,
the temperature of the nickel bead-packed bed greatly -exceeds the
boiling point of 1,1,1,2,3-pentachloropropane (179°C/760 mmHg) ;
thus, the 1,1,1,2,3-pentachloropropane is in a gas phase when
passing through the nickel bead-packed bed.

During the reaction, nitrogen (N;) was supplied at 80
cc/min (flow rate at 0°C and 0.1 MPa) from the outlet side of the
reactor, and was collected together with the reaction product.
The internal temperature of the nickel bead-packed bed was
measured at three points at equal intervals between the inlet
side and the outlet side of the reaction tube; thereby, the

average temperature was determined as a reaction temperature. The
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molar ratio of HF to 1,1,1,2,3—pentachloropropane (HF/1,1,1,2,3-
pentachloropropane) was 20. The contact (residence) time (V/Fp)
was calculated as 3.3 sec, based on the void volume (V) of the
nickel bead-packed bed and the total flow rate (Fp) of the
reactant. The internal temperature of the reaction tube at the
point 5 cm above the upper surface of the nickel bead-packed bed
was about 375°C, and the internal temperature at the point 15 cm
below the bottom surface of the packed bed was about 365°C. |
Therefore, the void volume of about 15 cn?, which is the volume
corresponding to a length of 20 cm in which the nickel beads are
not packed, was also considered to be included in the reaction
field in addition to that of the nickel bead-packed bed. Based on
this, the contact (residence) time (V/Fy,) was recalculated. As a
result, V/Fy was 10.4 sec. The contact (residence) time (V/Fy)
was calculated in the same manner as above in the other Examples.

The outflow from the reactor obtained 3 hours after the
initiation of the reaction was analyzed by gas chromatography.
Among the reaction products, high-boiling products having a
boiling point of 50°C or more were quantified in the manner
described below. Specifically, HCFC-141b in which a predetermined
amount of perchloroethylene had been dissolved as an internal
standard substance was mixed with ice water to preliminarily
subject it to liquid separation. The component obtained at the
outlet of the reactor was bubbled in the HCFC-141b layer for a
predetermined period of time so that an organic substance was
extracted in the HCFC-141b layer, and the acid content of
hydrogen fluoride and hydrogen chloride was dissqlved in the ice
water layer.

The extraction liquid was heated to 20°C, and the HCFC-
141b layer was analyzed by gas chromatography (FID). As a column,
a DB-1 (60 m) capillary column was used. Taking coefficient for
gas chromatography into consideration, the amount of each product
produced was converted into a molar ratio, based on the ratio of
the detected area of each of the obtained products to the

detected area of the perchloroethylene, which was the internal
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standard substance.

Comparatively, low-boiling products having a boiling
point of 50°C or less were quantified in the manner described
below. Specifically, two washing columns that were connected in
series and filled with water were jointed to the reactor outlet
and immersed in a water bath to be preliminarily heated to 60°C.
Thereafter, the reactor outflow was introduced into the washing
columns to perform bubbling so as to wash the acid content. Then,
the gas component, which had been dewatered through a CaCl; tube,
was collected and analyzed by gas chromatography (FID). At this
time, a predetermined amount of HFC-32 as an internal standard
substance was introduced from the reactor outlet side, together
with the reactor outflow, to the washing columns. As a column, a
GS-GASPRO (60 m) capillary column was used. Taking coefficient
for gas chromatography into consideration, the amount of each
product produced was converted into a molar ratio, based on the
ratio of the detected area of each of the obtained products to
the detected area of the HFC-32, which was the internal standard
substance. In the manner described above, the components from the
reactor outlet were quantified. Table 1 shows the result.

The products obtained in this Example are shown below.

Among the following seven compounds, the compounds
other than HCFC-1233xf are precursors of HCFC-1233xf that can be
recycled and reused as a starting material and are thus regarded
as useful substances.

CC1,=CC1CH,C1 (HCC-1230xa)

CC15CC1=CH, (HCC-1230xf)

CFC1,CHC1CH,C1 (HCFC-241db)

CFC1,CC1=CH; (HCFC-1231xf)

CF,C1CHC1CH,C1 (HCFC-242dc)

CF,C1CC1=CH, (HCFC-1232xf)

CF3CC1=CH, (HCFC-1233xf)

The following compounds are regarded as impurities produced in
the reaction.

CF3CH=CH, (HFC-1243zf)
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CF3CH=CHC1 (HCFC-1233zd)
CF3CC1=CHC1 (HCFC-1223xd)
Example 2

The reaction was performed under the same conditions as
in Example 1, except that the amount of the nickel beads packed
was changed to 126 g. The length of the nickel bead-packed bed
was 30.5 cm, and V/Fp was calculated as 11.2 sec. Table 1 shows
the results of the analysis with respect to the product obtained
3 hours after the initiation of the reaction (Example 2-1), and

27 hours after the initiation of the reaction (Example 2-2).

Example 3

The reaction was performed under the same conditions as
in Example 1, except that the reaction temperature was changed to
375°C. Table 1 shows the results of the analysis with respect to
the product obtained 3 hours after the initiation of the reaction.
Example 4

The reaction was performed under the same conditions as
in Example 1, except that the flow rate of the anhydrous hydrogen
fluoride (HF) supplied was changed to 60 cc/min (flow rate at 0°C
and 0.1 MPa). The molar ratio of HF to 1,1,1,2,3-
pentachloropropane was 10, and V/Fp was calculated as 19.4 sec.
Table 1 shows the results of the analysis with respect to the
product obtained 3 hours after the initiation of the reaction.
Example 5

The reaction was performed under the same conditions as
in Example 1, except for using, as a filler packed into the
reaction tube, 31.5 g of Hastelloy pellets (thickness: 1 mm;
length: 3 mm; width: 3 mm) made of the same material as that of
the reaction tube was used in place of the nickel beads. The
length of the Hastelloy pellet-packed bed was 28 cm, and the void
volume in this packed bed was 7.7 cm®; thus, V/F, was calculated
as 10.8 sec. Table 1 shows the results of the analysis with
respect to the product obtained 2 hours after the initiation of
the reaction.

Example 6
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The reaction was performed under the same conditions as
in Example 2, except that the starting material used was changed
to a mixture of 1,1, 2, 3-tetrachloropropene (HCC-1230xa) and
2,3,3,3-tetrachloropropene (HCC-1230xf) (HCC-1230xa:HCC-1230xf =
38:62, purity: 99.9%). Table 1 shows the results of the analysis
with respect to the product obtained 3 hours after the initiation

of the reaction.

Table 1

Ex. 1 Ex. 2-1 Ex. 2-2 Ex. 3| Ex. 4 | Ex. 5| Ex. 6
Reaction . 400 401 401 375 400 400 400
Temperature (°C)
Molar Ratio 20 20 20 20 10 20 20
V/F, (sec.) 10.4 11.2 11.2 10.4 19.4 10.8 11.2
Time passed after
the initiation of 3 3 27 3 3 2 3

the reaction (h)

Conversion Rate of ,
the Starting 100 100 100 100 100 100 100
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Example 7

Fig. 2 shows the schematics of a reactor used in
Example 7. The reactor shown in Fig. 2 comprises a line for
preheating and supplying anhydrous hydrogen fluoride (HF) in a
gas phase; an evaporator and preheating line for a starting
compound; a mixing region for mixing the starting compound with
anhydrous hydrogen fluoride (HF) in a gas phase; a preheating

line for heating the mixture of the starting compound and
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anhydrous hydrogen fluoride (HF) at the region between the mixing
region and the inlet of a reaction tube; the reaction tube; and a
muffle furnace. The reactor (reaction tube) was positioned
entirely within the muffle furnace so as to keep the reaction
temperature nearly uniform. The reaction tube was not packed with
anything, and was used as a hollow reaction tube.

In the reactor used in Example 7, a tube made of
INCONEL® 600, having an outer diameter of 1/8 inch (wall
thickness: 0.7 mm) and a length of 10.4 m was used as the
reaction tube; tubes made of HASTELLOY® 22 (outer: diameter 1/8
inch) were used at a joint region between the reaction tube and
the mixing region, and as a reaction outlet line extending from
the reaction tube; and a joint made of MONEL® was used for
jointing. The volume of the reaction tube was 25.7 cm’. Within
the muffle furnace, the volume of the joint region other than
that of the reaction tube was small and was not considered as a
reaction volume; therefore, the reaction volume (V), i.e., the
volume of the reaction space, was determined as 25.7 cm®. The
same applies to Examples 8 to 14.

The reaction tube was maintained at atmospheric
pressure (0.1 MPa), and the muffle furnace at a temperaturé of
400°C. Nitrogen was continuously supplied to the reactor at 100
cc/min (flow rate at 0°C and 0.1 MPa) for 15 hours. While
continuing the supply of nitrogen, anhydrous hydrogen fluoride
(HF) was continuously supplied to the reactor at 128 cc/min (flow
rate at 0°C and 0.1 MPa) for 1 hour. Then, while continuing the
supply of HF, 1,1,1,2,3-pentachloropropane (HCC-240db, purity:
99.6%) was continuously supplied in a gas phase at 6.4 cc/min
(flow rate at 0°C and 0.1 MPa), and the amount of nitrogen
supplied was changed to 6.4 cc/min (flow rate at 0°C and 0.1
MPa); thereby, a reaction was initiated. The reaction pressure
during the reaction was 0.02 MPa (gauge pressure). During the
reaction, nitrogen (N;) was supplied at 60 cc/min (flow rate at
0°C and 0.1 MPa) from the outlet side of the reactor, and was

collected together with the reaction product. The temperature of
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the outer wall of the reaction tube was measured at 5 points in
total at equal intervals between the inlet side and the outlet
side of the reactor, and the average temperature was regarded as
a reaction temperature. The same measurement was performed in the
Examples below to determine the reaction temperature.

The molar ratio of HF to 1,1,1,2,3-pentachloropropane
(HF/1,1,1,2,3-pentachloropropane) was 20. The residence time
(V/Fp) was calculated as 10.9 sec, based on the reaction volume
(V) and the total flow rate (Fy;) of the gas supplied to the
reactor. In the'Examples below, the residence time (V/Fy) was
calculated in the same manner as above.

The outflow from the reactor outlet obtained 3 hours
after the initiation of the reaction was analyzed by gas
chromatography.

Among the reaction products, high-boiling products
having a boiling point of about 50°C or more were quantified in
the same manner as in Example 1, except that the liquid for
extracting the organic substance was changed from HCFC-141b to
HCFC-225 (225ca:225chb = 43:57), and the column used in the gas
chromatography (FID) was changed from DB-1 (60 m) to DB-624 (60
m). Low-boiling products having a boiling point of 50°C or less
were quantified in the same manner as in Example 1. In the
Examples 8 to 14, the quantification was performed using the same
analytical process as described above.

Table 2 shows the reaction conditions and the results
of the analysis.

Example 8

The same reactor used in Example 7 was prepared, except
that the reaction tube was changed to a tube made of INCONEL® 600,
having an outer diameter of 1/4 inch (wall thickness: 1.0 mm) and
a length of 164 cm. The volume of the reaction tube was 24.4 cnP,
which was regarded as a reaction volume (V).

In this reactor, the reaction tube was maintained at
atmospheric pressure (0.1 MPa), and the muffle furnace at a

temperature of 400°C. Nitrogen was continuously supplied to the
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reactor at 100 cc/min (flow rate at 0°C and 0.1 MPa) for 15 hours.
The supply of nitrogen was subsequently stopped, and then
anhydrous hydrogen fluoride (HF) at 200 cc/min (flow rate at 0°C
and 0.1 MPa) and 1,1,1,2,3-pentachloropropane (HCC-240db, purity:
99.6%) at 10.0 cc/min (flow rate at 0°C and 0.1 MPa) were
continuously supplied in a gas phase to the reactor for 10 hours.
Thereafter, the supply of anhydrous hydrogen fluoride (HF) and
1,1,1,2,3-pentachloropropane was stopped, and nitrogen was
supplied at 200 cc/min (flow rate at 0°C and 0.1 MPa) again, to
reduce the temperature in the muffle furnace. After the
temperature in the reactor was reduced to room temperature, the
supply of nitrogen was continued for another 10 hours.

Next, the reaction tube was maintained at atmospheric
pressure (0.1 MPa) and the muffle furnace at a temperature of
400°C. Nitrogen was continuously supplied to the reactor at 100
cc/min (flow rate at 0°C and 0.1 MPa) for 1 hour. While

.continuing the supply of nitrogen, anhydrous hydrogen fluoride
(HF) was continuously supplied to the reactor at 140 cc/min (flow
rate at 0°C and 0.1 MPa) for 1 hour. Sequentially, while
continuing the supply of HF, 1,1,1,2,3-pentachloropropane (HCC-
240db, purity: 99.6%) was supplied at 7.0 cc/min (flow rate at
0°C and 0.1 MPa) in a gas phase, and the amount of nitrogen
supplied was changed to 7.0 cc/min (flow rate at 0°C and 0.1
MPa); thereby, the reaction was initiated. The reaction was
continued while the reaction conditions were maintained. The
reaction pressure during the reaction was 0.01 MPa (gauge
pressure). During the reaction, nitrogen (N,;) was supplied at 60
cc/min (flow rate at 0°C and 0.1 MPa) from the reactor outlet
side, and collected together with the reaction product. The molar
ratio of HF to 1,1,1,2,3-pentachloropropane (HF/1,1,1,2,3-
pentachloropropane) was 20, and the residence time (V/Fy) was 9.5
sec. Gas chromatography analysis was performed on the outflow
from the reactor outlet obtained 15 hours after the initiation of
the reaction (Example 8-1), 78 hours after the initiation of the

reaction (Example 8-2), and 152 hours after the initiation of the
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reaction (Example 8-3). Table 2 sths each of the reaction
conditions and the results of the analysis.
Example 9 |

The same reactor used in Example 7 was prepared using
5.2 m of the reaction tube that had been used for the duration of
12 hours in the experiment of Example 7. The volume of the
reaction tube was 12.8 cm’, which was regarded as the reaction
volume (V). In this reactor, the reaction tube was maintained at
atmospheric pressure (0.1 MPa), and the muffle furnace at a
temperature of 365°C. Nitrogen was continuously supplied to the
reactor at 100 cc/min (flow rate at 0°C and 0.1 MPa) for 3 hours.
While continuing the supply of nitrogen, anhydrous hydrogen
fluoride (HF) was continuously supplied to the reactor at 105
cc/min (flow rate at 0°C and 0.1 MPa) for 1 hour. Sequentially,
while continuing the supply of HF, 1,1,1,2,3-pentachloropropane
(HCC-240db, purity: 99.6%) was supplied at 7.0 cc/min (flow rate
at 0°C and 0.1 MPa) in a gas phase, and the supply of nitrogen
was stopped; thereby, the reaction was initiated. The reaction
pressure during the reaction was 0.02 MPa (gauge pressure).
During the reaction, nitrogen (N;) was supplied at 60 cc/min (flow
rate at 0°C and 0.1 MPa) from the reactor outlet side, and was
collected together with the reaction product. The molar ratio of
HF to 1,1,1,2,3-pentachloropropane (HF/1,1,1,2,3-
pentachloropropane) was 15, and the residence time (V/F;) was 6.9
sec.

The outflow from the reactor outlet obtained 5 hours
after the initiation of the reaction was analyzed by gas
chromatography. Table 2 shows each of the reaction conditions and
the results of the analysis.

Example 10

The same reactor used in Example 7 was prepared using,
as a reaction tube, a tube made of INCONEL® 600 having an outer
diameter of 1/2 inch (wall thickness of 1.24 mm), and a length of
120 cm. The volume of the reaction tube was 99.5 cm’, which was

regarded as a reaction volume (V).



10

15

20

25

30

35

WO 2010/123148 PCT/JP2010/057530

-21-

In this reactor, the reaction tube was maintained at
atmospheric pressure (0.1 MPa), and the muffle furnace at a
temperature of 400°C. Nitrogen was continuously supplied to the
reactor at 200 cc/min (flow rate at 0°C and 0.1 MPa) for 20 hours.
The supply of nitrogen was subsequently stopped, and then
anhydrous hydrogen fluoride (HF) at 200 cc/min (flow rate at 0°C
and 0.1 MPa) and 1,1,1,2,3-pentachloropropane (HCC-240db, purity:
99.6%) at 10.0 cc/min (flow rate at 0°C and 0.1 MPa) were
continuously supplied in a gas phase to the reactor for 20 hours.
Thereafter, the supply of anhydrous hydrogen fluoride (HF) and
1,1,1,2,3-pentachloropropane was stopped, and nitrogen was
supplied at 200.cc/min (flow rate at 0°C and 0.1 MPa) again, to
reduce the temperature in the muffle furnace. After the
temperature was reduced to room temperature, the supply of
nitrogen was continued for another 24 hours.

Next, the reaction tube was maintained at atmospheric
pressure (0.1 MPa) and the muffle furnace at a temperature of
400°C. Nitrogen was continuously supplied to the reactor at 200
cc/min (flow rate at 0°C and 0.1 MPa) for 3 hours. While
continuing the supply of nitrogen, anhydrous hydrogen fluoride
(HF) was continuously supplied to the reactor at 200 cc/min (flow
rate at 0°C and 0.1 MPa) for 1 hour. Sequentially, while
continuing the supply of HF, 1,1,1,2,3-pentachloropropane (HCC-
240db, purity: 99.6%) was supplied at 10.0 cc/min (flow rate at
0°C and 0.1 MPa) in a gas phase, and the amount of nitrogen
supplied was changed to 10.0 cc/min (flow rate at 0°C and 0.1
MPa); thereby, the reaction was initiated. The reaction pressure
during the reaction was 0.0 MPa (gauge pressure). During the
reaction, nitrogen (N;) was supplied at 80 cc/min (flow rate at
0°C and 0.1 MPa) from the reactor outlet side, and was collected
together with the reaction product. The molar ratio of HF to
1,1,1,2,3-pentachloropropane (HF/1,1,1,2,3-pentachloropropane)
was 20, and the residence time (V/Fp) was 27.1 sec. The outflow
from the reactor outlet obtained 7.5 hours after the initiation

of the reaction was analyzed by gas chromatography. Table 2 shows
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each of the reaction conditions and the results of the analysis.
Example 11

The same reactor used in Example 7 was prepared, using,
as a reaction tube, a tube made of HASTELLOY® 22, having an outer
diameter of 1/4 inch (wall thickness: 1.0 mm) and a length of 124
cm. The volume of the reaction tube was 18.4 cm®, which was
regarded as a reaction volume (V).

" In this reactor, the reaction tube was maintained at
atmospheric pressure (0.1 MPa), and the muffle furnace at a
temperature of 400°C. Nitrogen was continuously supplied to the
reactor at 100 cc/min (flow rate at 0°C and 0.1 MPa) for 15 hours.
Then, the temperature in the muffle fufnace was increased to
450°C, the supply of nitrogen was stopped, and anhydrous hydrogen
fluoride (HF) at 200 cc/min (flow rate at 0°C and 0.1 MPa) and
i,1,1,2,3-pentachloropropane (HCC-240db, purity: 99.6%) at 10.0
cc/min (flow rate at 0°C and 0.1 MPa) were continuously supplied
in a gas phase to the reactor for 10 hours. Thereafter, the
supply of anhydrous hydrogen fluoride (HF) and 1,1,1,2,3-
pentachloropropane was stopped, and nitrogen was supplied at 200
cc/min (flow rate at 0°C and 0.1 MPa) again, to reduce the
temperature in the muffle furnace. After the temperature was
reduced to room temperature, the supply of nitrogen was continued
for another 20 hours.

Next, the reaction tube was maintained at atmospheric
pressure (0.1 MPa) and the muffle furnace at a temperature of
400°C. Nitrogen was continuously supplied to the reactor at 100
cc/min (flow rate at 0°C and 0.1 MPa) for 1 hour. While
continuing the supply of nitrogen, anhydrous hydrogen fluoride
(HF) was continuously supplied to the reactor at 140 cc/min (flow
rate at 0°C and 0.1 MPa) for 1 hour. Sequentially, while
continuing the supply of HF, 1,1,1,2,3-pentachloropropane (HCC-
240db, purity: 99.6%) was supplied at 7.0 cc/min (flow rate at
0°C and 0.1 MPa) in a gas phase, and the supply of nitrogen was
stopped; thereby, the reaction was initiated. The reaction

pressure during the reaction was 0.01 MPa (gauge pressure).
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During the reaction, nitfogen (N2) was supplied at 60 cc/min (flow
rate at 0°C and 0.1 MPa) from the reactor outlet side, and was
collected together with the reaction product. The molar ratio of
HF to 1,1,1,2,3-pentachloropropane (HF/1,1,1,2,3-
pentachloropropane) was 20, and the residence time (V/EFy) was 7.5
sec. The outflow from the reactor outlet obtained 3 hours after
the initiation of the reaction was analyzed by gas chromatography.
Table 2 shows each of the reaction conditions and the results of

the analysis

Example 12

(Fluorination of tetrachloropropene (HCC-1230xa:HCC-1230xf =

38:62))

The same reactor used in Example 11 was prepared, using
a tube made of INCONEL® 600 having an outer diameter of 1/4 inch
(wall thickness of 1.0 mm) and a length of 124 cm as a reaction
tube. The volume of the reaction tube was 18.4 cm®, which was
regarded as a reaction volume (V).

In this reactor, the reaction tube was maintained at
atmospheric pressure (0.1 MPa), and the muffle furnace at a
temperature of 400°C. Nitrogen was continuously supplied to the
reactor at 100 cc/min (flow rate at 0°C and 0.1 MPa) for 15 hours.
Then, the temperature in the muffle furnace was changed to 350°C,
the supply of nitrogen was stopped, and anhydrous hydrogen
fluoride (HF) at 200 cc/min (flow rate at 0°C and 0.1 MPa) and a
mixture of l,1,2,3—tetrachloroptopene (HCC-1230xa) and 2,3,3,3-
tetrachloropropene (HCC-1230xf) (HCC-1230xa:HCC-1230xf = 38:62,
purity: 99.9%) at 10.0 cc/min (flow rate at 0°C and 0.1 MPa) were
continuously supplied in a gas phase to the reactor for 10 hours. .
Thereafter, the supply of anhydrous hydrogen fluoride (HF) and
the mixture of 1,1,2,3-tetrachloropropene (HCC-1230xa) and
2,3,3,3-tetrachloropropene (HCC-1230xf) was stopped, and nitrogen
was supplied at 200 cc/min (flow rate at 0°C and 0.1 MPa) again,
to reduce the temperature in the muffle furnace. After the
temperature was reduced to room temperature, the supply of

nitrogen was continued for another 10 hours.
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Next, the reaction tube was maintained at atmospheric
pressure (0.1 MPa) and the muffle furnace at a temperature of
320°C. Nitrogen was continuously supplied to the reactor at 100
cc/min (flow rate at 0°C and 0.1 MPa) for 1 hour. While
continuing the supply of nitrogen, anhydrous hydrogen fluoride
(HF) was continuously supplied to the reactor at 105 cc/min (flow
rate at 0°C and 0.1 MPa) for 1 hour. Sequentially, while
continuing the supply of HF, the mixture of 1,1,2,3-
tetrachloropropene (HCC-1230xa) and 2,3, 3,3-tetrachloropropene
(HCC-1230xf) (HCC-1230xa:HCC-1230xf = 38:62, purity: 99.9%) was
supplied at 7.0 cc/min (flow rate at 0°C and 0.1 MPa) in a gas
phase, and the supply of nitrogen was stopped; thereby, the
reaction was initiated. The reaction pressure during the reaction
was 0.0l MPa (gauge pressure). During the reaction, nitrogen (N)
was supplied at 60 cc/min (flow rate at 0°C and 0.1 MPa) from the
reactor outlet side, and was collected together with the reaction
product. The molar ratio of HF to the tetrachloropropene mixture
(HCC-1230xa:HCC-1230xf = 38:62) (HF/(HCC-1230xa + HCC-1230xf))
was 15, and the residence time (V/Fy) was 9.9 sec. The outflow
from the reactor outlet obtained 5 hours after the initiation of
the reaction was analyzed by gas chromatography. Table 2 shows
the reaction conditions and the results of the analysis.

Example 13
(Fluorination of tetrachloropropene (HCC-1230xa:HCC-1230xf =

38:62))

The reactor used in Example 12 was used as is, and the
reaction was performed in the same manner as in Example 12,
except that the reaction temperature was changed to 355°C. Table
2 shows the results of the analysis with respect to the product
obtained 5 hours after the initiation of the reaction.
Example 14

The same reactor used in Example 7 was prepared, using,
as a reaction tube, a tube made of INCONEL® 600, having an outer
diameter of 1/8 inch (wall thickness: 0.7 mm) and a length of 6.7

m. The volume of the reaction tube was 16.7 cm®, which was
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regarded as a reaction volume (V).

In this reactor, the reaction tube was maintained at
atmospheric pressure (0.1 MPa), and the muffle furnace at a
temperature of 400°C. Dry air (N,:0, = 79:21) was continuously
supplied to the reactor at 100 cc/min (flow rate at 0°C and 0.1
MPa) for 10 hours. Subsequently, heating of the muffle furnace
was stopped, and the flow rate of the dry air was changed to 30
cc/min (flow rate at 0°C and 0.1 MPa). The dry air was allowed to
pass through the reactor for 15 hours until the temperature
decreased to room temperature. Thereafter, the supply of dry air
was stopped, and nitrogen was supplied at 100 cc/min (flow rate
at 0°C and 0.1 MPa). The reaction tube was maintained at
atmospheric pressure (0.1 MPa) and the muffle furnace at a
temperature of 400°C. Anhydrous hydrogen fluoride (HF) at 140
cc/min (flow rate at 0°C and 0.1 MPa) and 1,1,1,2,3-
pentachloropropane (HCC-240db, purity: 99.6%) at 7.0 cc/min (flow
rate at 0°C and 0.1 MPa) were continuously supplied in a gas
phase to the reactor, and the flow rate of nitrogen supplied was
changed to 7.0 cc/min (flow rate at 0°C and 0.1 MPa); thereby,
the reaction was initiated. The reaction pressure during the
reaction was 0.01 MPa (gauge pressure). During the reaction,
nitrogen (N;) was supplied at 60 cc/min (flow rate at 0°C and 0.1
MPa) from the reactor outlet side, and was collected together
with the reaction product. The molar ratio of HF to 1,1,1,2,3-
pentachloropropane (HF/1,1,1,2,3-pentachloropropane) was 20, and
the residence time (V/Fy) was 6.5 sec. The outflow from the
reactor outlet obtained 3 hours after the initiation of the
reaction was analyzed by gas chromatography. Table 2 shows each

of the reaction conditions and the results of the analysis.
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Table 2

Ex. 7 Ex. 8-1 Ex. 8-2 Ex. 8-3 Ex. 9 Ex. 10 | Ex. 11 | BEx. 12 | Ex. 13 | Ex. 14
Reaction
Temperature (°C) 401 402 403 403 364 404 405 321 355 402
Molar Ratio 20 20 20 20 15 20 20 15 15 20
V/E, (sec) 10.9 9.5 9.5 9.5 6.9 27.1 7.5 9.9 9.9 6.5

Time passed after
the initiation of 3 15 78 152 5 7.5 3 5 5 3
the reaction (h)

Conversion Ratio ' .
of the Starting 100 99.9 100 100 100 100 100 100 100 100
Material (%)

Selectivity of
Usable Material

(%)

HCC-1230xa 0 0.9 0 0.1 0 0.7 0.1 0 0
HCC-1230xf 0 0 0 0 0 0 0 0 0 0
HCFC-241db 0 3.2 0.1 0.1 0.3 1.1 0.3 0 0 0
HCFC-1231xf 0 0.9 0 0.0 0.1 0.4 0.4 1.1 0.4 0
HCFC-242dc 3.2 3.3 3.9 4.1 4.4 10.4 1.5 1.1 0.7 2.9
HCFC-1232xf 0.2 5.9 0.2 0.4 3.2 5.7 3.9 3.7 1.2 0.1
HCFC-1233xf 95.7 83.9 94.8 94.4 | 91.4 79.9 92.6 92.1 94.1 95.4
Selectivity of

Impurities (%)

HFC-1243zf 0.4 0.7 0.4 0.4 0.3 0.6 0.4 0.1 0.1 0.1
HCFC-1233zd 0.2 0.4 0.2 0.2 0.1 0.3 0.2 0 0 0.1
HCFC-1223xd 0 0.2 0.1 0.1 0 0.2 0.1 0.3 0.4 0

Others 0.3 0.6 0.3 0.2 0.2 0.7 0.5 1.6 3.1 1.4
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CLAIMS

A process for preparing 2-chloro-3,3,3-trifluoropropene
comprising subjecting, in the absence of a catalyst, at
least one chlorine-containing compound selected from
the group consisting of chloropropane represented by
formula (1): CC1lX,CHC1CH,Cl, wherein each X is the same
or different and each represents Cl or F, chloropropene
represented by formula (2): CClY,CCl=CH,, wherein each
Y is the same or different and each represents Cl or F,
and chloropropene represented by formula (3):
CZ,=CC1CH,C1l, wherein each Z is the same or different
and each represents Cl or F, to a reaction with
hydrogen fluoride under heating in a gas phase.

The process for preparing 2-chloro-3,3, 3-
trifluoropropene according to Claim 1, wherein the
chlorine-containing compound used as a starting
material is at least one compound selected from the
group consisting of 1,1,1,2,3-pentachloropropane,
2,3,3,3-tetrachloropropene, and 1,1,2,3-
tetrachloropropene.

The process for preparing 2-chloro-3, 3, 3-
trifluoropropene according to Claim 1 or 2, wherein the
hydrogen fluoride is used in an amount of 5 to 30 mol
relative to 1 mél of the chlorine-containing compound
used as a starting material, and the reaction is
carried out at 300°C to 500°C.

A process for preparing 2-chloro-3, 3, 3-trifluoropropene,
comprising the step of, after the preparation of 2-
chloro-3, 3, 3-trifluoropropene in accordance with the
process of any of Claims 1 to 3, recycling at least one
chlorine-containing compound contained in a product
obtained during the preparation and selected from the
group consisting of the chloropropane represented by

formula (1): CClX,CHCICH,Cl, wherein each X is the same
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or different and each represents Cl or F, the
chloropropene represented by formula (2): CClY,CCl=CHp,
wherein each Y is the same or different and each
represents Cl or F, and the chloropropene represented
by formula (3): CZ,=CClCH,Cl, wherein each Z is the
same or different and each represents Cl or F, as a

starting compound.
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