PAMALLE v

Specification

A manufacturing method for 1,1,1,3,3-pentafluoropropane

Industrial fields where the invention can be utilized

This invention relates to a'manufacturing method for 1,1,1,3,3~
pentafluoropropane which is important for industrial fields as
blowing agents,refrigerants and propellants not destroying ozone in the

ozone layer

Prior art

As a manufacturing method for 1,1,1,3,3-pentafluoropropane
(hereinafter, this can be called HFC-245fa), there have been known a
method for HFC-245fa by reduction reaction with hydrogep of 1,1,1,3,3-
pentafluoro-3-chloropropane, which is produced by fluorinating
1,1,1,3,3,3-hexachloropropane obtained py addition reaction of carbon
tetrachloride and vinylidene chloride (WO 95/04022), and a method for
HFC-245fa by reduction reaction with hydrogen of 1,1,1,3,3-pentafluoro-
2,3-dichloropropane or 1,1,1,3,3-pentafluoro—2,2,3—trichloropropane (EP
0611744) . |

However, either of the said methods for HFC-245fa require two
processing steps consisting of a fluorinatibn step for chlqride to
produce a precursor and a reduction step for the produced compounds
with hydrogen. This results in a long manufacturing process in

industrial meaning and inferior economical scales.
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Object of the invention

The object of the present invention is to provide a manufacturing

method for producing HFC-2U45fa with high yield and ecohomical advantages

through simple process.'

Construction of the invention

As a result of eageriy.studying about thé manufacturing method for
HFC-245fa to solve the above stated problems, the inventors found that
HFC-245fa can_be produced with high selectivity through a step of
reacting 1,1,1,3,3-pentachloropropane (hereinafter, this can be called
HCC-240fa) with anhydrous hydrofluoric acid (HF) under the presence of
antimony catalyst, and thét the products which are not sufficiently
fluorinated, for example, 1,1,1-trifluoro-3,3-dichloropropane, 1,1,1,3-
tetrafluoro-3-chloropropane and so on, can also be led to HFC-245fa
with high yield by conducting again the same step as that described
above, thus enabling the production of HFC-245fa with economical |
advantages and with high yield by only fluorination step from chloride
as a starting material.

That is, this invention relates to a manufacturing method for
1,1,1,3,3-pentafluoropropane, wherein 1,1,1,3,3-pentafluoropropane (HFC~
245fa) is obpained by reacting hologenated propane, which is represented
by the general formula :

CX3CH. CHX:

[In the general formula, X is fluorine atom (F) or chlorine atom
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(C1), and all of X can not be fluorine atoms at the same time],
with anhydrous hydrofluoric acid (HF) under the presence of antimony
. catalyst.

.In the present invention, particularly, it is important that the
reaction is éonducted by using pentavalent antimony catalyst, trivalent
antimony catalyst or the mixture of these in liquid phase. As antimony
catalyst, fluorinated-chlorinated antimony which is obtained by
fluorinating antimony pentachloride or antimony trichloride can be used
as a catalyst. However, when some chlorine.atdms are contained in the
catalyst, chlorination of the starting material may be conducted to
lower the selectivity of this reaction. Accordingly, it is preferable to
use completely fluorinated antimony such as antimony pentafluoride or
antimony trifluoride as the catalyst.:

Antimony pentafluoride or antimony trifluoride can pe used either
alone or'mixed each other for use. These catalysts can pe reused for the
reaction. - "

In the present invention, solvent is not specifically necessary, but
anhydrous HF being a reaction material can be used as the solveht.
Reaction solvent can be used if necessary, that is, it can be used as
the solvent so long as being inactive to the catalyst.

In case of using antimony pentaflubride as the catalyst and
anhydrous HF as the reaction solvent, the concentration of the antimony
Qatalyst may be restricted according to the materials of the reaction
. container due to the strong corrosiveness. That is, when the reaction

container is made of fluororesins, the concentration of the catalyst is
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not restricted in use, however, when the reaction container is made of
anticorrosion substance such as Hastelloy C® (Haynes International,
Iné.) and so on,thé ooncentration of the catalyt is restricted. When
antimony pentafluoride alone is used as the catalyst, the concentration
is preferably not more than 1 mol% to the amount of anhydrous HF, and
more preferably not more than 0.5 mol% in view of the corrosion.

When the mixture of antimony pentafluoride and antimony trifluoride
is applied, the miking ratio of antimony pentafluyoride to antimony
trifluoride is preferably not more than 1 at molar ratio, more
preferably not more than 0.5 at molar ratio, and the cohcentration of
antimony pentafluoride in the mixture is preferably not more than 10
mol% to the amount of anhydrous HF, more preferably not more than 3
mol% in view of the corrosion.

When antimony trifluoride alone as the catalyst and anhydrous HF as
the reaction solvent are used, the concentration of the catalyst would
not be restricted because the corrosiveness is very sma}lt

Reaction temperature may npt-specifically be limited, but 50C to
200 is preferable, 60C to 180T is more préferable.

Also, reaction pressure may not specifically be limited, but a range
from atmospheric pressure to 50 kg/cm2G, more preferably from
atmospheric pressure to 30 kg/cm?G can be applied.

The molar ratio of the starting material and anhydrous HF can be
optionally v;ried. But, practically, an amount of HF is preferably not
;eés than ﬁhe stoichiometric amount needed for leading the starting

material to HFC-245fa., It can preferably be used in an amouht of not
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less than 5 times the stoichiometric amount, or not less than 100 times

the stoichiometric amount as occasion demands.

Reaction products obtained in the reaction of the present invention

are varied with the reaction conditions.

'Fluorotetrachloropropane (HCFC-241, including isomer),

difluorotrichloropropane (HCFC-242, including isomer),
trifluorodichloropropane (HCFC-243, including isomer),
tetrafluorochloropropane (HCFC—ZHH,-inoludiné isomer) and so on,
which are insufficiently fluorinated products, can be optained besides
HFC-245fa. These insufficiently fluorinaped materials can be
effectively used by recycling to the fluorination reactor after
separating from the produced reaction mixture.

A method for recycling also can be applied wherein HFC-245fa as the

final objective, hydrofluoric acid and HC1 as by-product of the reaction

~should be separated from the system of reaction by the fractional

distillation tower attached to the fluorination reaction apparatus, and
the insufficiently fluorinated materials having higher boiling point
among the above products should be directly returned to the reactor.

1,1,1,3,3-pentafluoropropane, which can be used as a starting
material in the present invention, can be easily obtained by addition
reaction of carbon tetrachloride and_vinyl chloride (Journal of
Molecular Catalysis, Vol.77, 51 page, 1992, and Journal of Chemical
Technology, Vol.72, No.T7, 1526 page, 1969).

As the reaction systems of the present invention, there can be

applied a batch system wherein the reaction is conducted after
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supplying necessary starting materials so as to recovepr the products and
so on, a semi-batch system wherein the products and so on are taken out
continuously while one of the starting materials is supplied
continuously, and a continuous system wherein the products and so on are

taken out continuously while the .starting materials are supplied

continuously.

Possibility of utilizing the invention in industry

Accbrding to the method of the present invention, HFC-245fa can be
obtained with high selectivity by reacting 1,1,1,3,3-pentahalopropane
such as 1,1,1;3,3-pentachloropropane with anhydrous HF under the
presence of antimony-catalyst, and insufficiently_fluorinated products,
for example, 1,1,1-trifluoro-3,3-dichloropropane and 1,1,1,3-
tetrafluoro-3-chloropropane cén also be led to HFC-245fa with high
yield by conducting again the same step as that descriped above.
Accordingly, a manufacturihg method for HFC-245fa havihg economical
superiority, wherein it can be produced with high yield by only

fluorinatioh step of halogenated propane,can be provided.

Embodiments

The present invention will be explained more concretely in the

following examples.

Example 1

2.0g of SbFs was charged into a Hastelloy made autoclave having a
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200mL internal volume. Tﬁen, after the autoclave was cooled to -30 C,
50g of anhydrous HF and 22g of 1,1,1,3,3-pentachloropropane were added.
It was heated with stirring till the inside temperature reached 861:.

Because the internal pressure went up by produced HCl, the produced
gas was taken outside the reaction systeh through a water-washing tower,
a calcium chloride tower énd a cold trap at -70C to set the reaction
pressure being 10 kg/cm2G. After the reactioq was continued for 8 hours
at 80C , as keeping inner temperature at 50T , the reaction mixture
from the autoclave was collected in the same cold trap as mentioned
abbve while HF was removéd by a water-scrubber and an alkaline solution
scrubber.

The amount of organic compounds collected in the cold trap was 7.5g,
and these were analyzed by gas chromatography. As a result of analysis,
it was found that HFC-245fa was 52%, HCFC-244 (including isomer) was
- 24%, HCFC-243 (including isomer) was 19% and HCFC-242 (including isomer)-

was 1%. _ ' .

Example 2

In the Example 1, U4.0g of SbFs, 95g of anhydrous HF, and furthermore
40g of a mixture of HCFC-244 (including isomer) and HCFC-2H3 (including
isomer).[HCFC—zuu:HCFC—2u3 = 56:44] were added in the same reactor. And
then, as the.reaction temperature and the reaction pressure were kept
at 90°Cc and 12 kg/cm2G respectivély, the reaction was conducted for 5
hours in the same way as described above. A result of the same analysis

showed that HFC-245fa was 95%, HCFC-244 (including isomer) was 3% and
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HCFC-243 (including isomer) was 2%.

Example 3

5.l4g of SbFs and 8.9g of SbF; in place of SbFs were added_and
reacted in the same way as Examplé 1. A result of the same analysis
showed-that HFC-245fa was 50%, HCFC-244 (including isomer) was 25%,
HCFC-243 (including isomer) was 20% and HCFC-242 (including.isomer) was

1%.

Example 4

7.7g of SbFs was charged into SUS316 made autoclave with a 200mL
internal volume of inner tube made of PTFE (polytetrafluoroethylene).
Then, after the autoclave was cooléd to -30 ¢, 42g of anhydrous HF
and 22g of 1,1,1,3,3-pentachloropropane were added. It was heated with
stirring till the inside temperature reached 80T . |

Because the internal pressure went up by produced HC1, the produced
gas was taken outside the reaction system through a water-washing tower,
a calcium chloride tower and a.cold trap at -70C to set the reaction
pressure being 13 kg/cm?G. After the reaction was continued for 5 hours
at 80C , as keeping inner temperature at 50C , the reaction mixture
from the autoclave was collected in the same cold trap as mentioned
above while HF was removed by a water-scrubber and an alkaline-solution
scrubber.

The amount of organic compounds collected in the cold trap was 6.8g,

and these were analyzed by gas chromatography. As a result of analysis,
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it was found that HFC-2A5fa was 54%, HCFC-244 (including isomer) was
229, HCFC-243 (including isomer) was 18% and HCFC—2u2.(including isomer)
was 0.5%. _

And, after 42g of anhydrous HF and 22g of 1,1,1,3,3~
pentachloropropane were charged agaiq into the reactor wherein the
catalyst was remained, the reaction was conducted in the same way as
decribed above to recover reaction products. The amount of organic
compounds was 8.8g, and a result of analysis by gas chromatography
showed that HFC-245fa was 53%, HCFC-244 (including isomer) was 23%,
HCFC-243 (including isomer) was 18% and HCFC-242 (inclﬁding isomer) was

1%.
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What is claimed is :

1. A manufacturing method for 1,1,1,3,3-pentafluoropropane,
wherein 1,1,1,3,3-pentafluoropropane is obtained by reacting
halogenated propane, which is represented by the general formula :
CX3CH2 CHX.

[In the general formhla, X is fluorine atom or chlopine atom, and
all of X can not be fluorine atoms at the saﬁe-time],
with anhydrous hydorofluoric acid under the presence of antimony
catalyst.
2. A manufacturing method as defined by claim 1, wherein
pentavalent antimony, trivalent antimony or the mixture of these is used
as the antimony catalyst.
3. A manufacturing method as defined by claim 1, wherein the
mixture of antimony pentafluoride and antimony trifluoride is used as
the antimony catalyst. N
4. A manufacturing method as defined by claim 1, wherein
antimony pentafluoride is used as the antimony catalyst.
5. - A manufacturing method as defined by claim 4, wherein the
antimony pentafluoride is used in a concentration of not more than 1
mol% to the amount of the anhydrous hydrofluorié acid.
6. A mapufacturing method as defined by claim 1, wherein the
reaction is conducted in liquid phase.
7. A manufacturing method as defined by claim 1, wherein the

reaction is conducted in anhydrous hydrofluoric acid as solvent.
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8. A manufacturing method as defined by claim 3, wherein the
mixing ratio of the antimony pentafluoride to the antimony triflﬁoride
is not more than 1 at molar ratio.

.9, A manufacturing method as defined by cléim 8, wherein the
antimony pentafluoride is used in a concentration'of not more than 10

mol% to the amount of anhydrous hydrofluoric acid.
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