
EP 0 456 841 B1 Description TECHNICAL FIELD 5     The present invention
relates to a method for producing dichloropentafluoropropanes (R225s).
Hydroch- lorofluoropropanes are expected to be useful as foaming agents,
cooling media or cleaning agents like conventional chlorofluorocarbons. As
a method for producing the dichloropentafluoropropanes (R225s), it is known
to synthesize 3,3- dichloro-1,1,1,2,2-pentafluoropropane (R225ca) and
1,3-dichloro-1,1,2,2,3-pentafluoropropane (R225cb) as to  shown below by
adding tetrafluoroethylene to dichlorofluoromethane in the presence of
aluminum chloride: [err] 15                            [err] [err] 20 (0.
Paleta et al., Collect. Czech. Chem. Commun., 36, 1867 (1971)). However, in
this reaction, dichlorofluoromethane is disproportionated as shown by the
following formula, [err] 25 [err]
[err] disproportionation 30  and by-product chloroform (R20) which is
hardly separable by a usual method such as distillation is formed in a
large amount. Thus, this method has a disadvantage that a multi-step
purification process is required to obtain a product in high purity. The
present invention provides a method for producing a
dichloropentafluoropropane, which comprises reacting dichlorofluoromethane
(R21) with tetrafluoroethylene (4F) in the presence of a Lewis acid
catalyst 35 for addition reaction to obtain dichloropentafluoropropane,
wherein said Lewis acid is a halide containing at least one element
selected from the group consisting of Sb, Nb, Ta, Zr, Hf and Ti, or a
fluoride of the formula [err] 40 wherein M is one of atoms selected from
Group IVa, Group Va and Group Illb, or a mixture of such atoms, X is one of
CI , Br and I atoms, or a mixture of such atoms, a is a real number of 0 <
a < 5, and [err] is a real number of 0 < [err] 3.5 in the case of Group
IVa, a real number of 0 < [err]  4.5 in the case of Group Va, and a real
number of 0 < [err] 2.5 in the case of Group Illb, provided that [err]  is
an integer of from 3 to 5. 45     The halide containing at least one
element selected from the group consisting of Sb, Nb, Ta, Zr, Hf and Ti
includes chlorides such as [err], and partially fluorinated compounds of
such chlorides; fluorides such as [err], and partially chlorinated
compounds of such fluorides; bromides and iodides such as [err], and
partially chlorinated or fluorinated compounds of such bromides or iodides.
The partially fluorinated chlorides and 50  partially-chlorinated fluorides
include, for example, [err] The fluoride of the formula [err] can readily
be prepared by treating a halide of the formula: [err] 55  wherein M is one
of atoms selected from the group consisting of Group IVa, Group Va and
Group Illb, or a mixture of such atoms, X is one of Cl, Br and I atoms, or
a mixture of such atoms, a is a = 4 in the case of Group IVa, [err] = 5 in
the case of Group Va, and [err] = 3 in the case of Group Illb, for example,
a chloride such as [err] or a bromide or iodide such 3 



EP 0 456 841 B1 as [err]   or [err], with a suitable fluorinating agent,
for example, a chlorofluorocarbon (CFC) such as trich- lorofluoromethane
(R11), dichlorodifluoromethane (R12) or trichlorotrifluoromethane (R113), a
hydroch- lorofluorocarbon (HCFC) such as dichlorofluoromethane (R21) or
chlorodifluoromethane (furon 22), hydrogen 5  fluoride or fluorine gas. The
treating conditions vary depending upon the halide and the fluorine source.
However, it is usual to employ at least an equimolar amount of the fluorine
source to the halide. The reaction temparature is usually from -50 to [err]
preferably from -20 to [err], when chlorofluoromethane or
hydrochlorofluoromethane is employed, and usually from -20 to 200 C,
preferably 10  from 0 to[err], when other fluorine source such as hydrogen
fluoride is employed. The reaction time is usually from 10 minutes to 2
weeks, preferably from 1 hour to 1 day, when chlorofluoromethane or
hydrochlorofluoromethane is employed, and usually from 30 minutes to two
weeks, preferably from one hour to one day, when other fluorine source such
as hydrogen fluoride is employed. The content of fluorine atom contained in
the fluoride of the formula [err] is preferably selected to be 15  within a
proper range in order to increase the yield of the
dichloropentafluoropropanes while suppressing the production of chloroform.
The range may vary depending upon the particle size when the fluoride is
solid. However, it is usually 0 < [err] 3.5, preferably 1 < , [err] 3, in
the case of Group IVa, usually 0 < [err] 4.5, preferably 1 [err] 4, in the
case of Group Va, and usually 0 <[err] 2.5, preferably 0.01 [err]  2, more
preferably 0.1 [err]  2, in the case of Group lllb. 20     The addition
reaction of R21 to tetrafluoroethylene in the presence of a Lewis acid
catalyst can be conducted in an inert solvent such as
perfluorobutyltetrahydrofuran. However, in order to facilitate the
purification, It is usually preferred to conduct the reaction in the
absence of a solvent. The amount of the catalyst varies depending upon the
type of the catalyst used. However, it is usually from 0.01 to 50% by
weight, preferably from 0.1 to 10% by weight, relative to the starting
material. The 25  reaction is conducted usually within a temparature range
of from -80 to [err] preferably from -20 to 100 C. The reaction pressure is
usually from 0 to 29.4 bar (0 to 30 [err] G), preferably from 0 to 14.7 bar
(0 to 15 kg/cm2 G). The amount of tetrafluoroethylene to be added is
usually preferably at least equimolar to R21 to increase the conversion of
R21. so    If the addition reaction of R21 to tetrafluoroethylene (4F) in
the presence of a Lewis acid catalyst is conducted under such reaction
condition that the molar ratio of 4F to R21 is at least equimolar,
preferably in an excess amount, the disproportionation reaction of R21 is
substantially suppressed, whereby as shown by the following formula: 35
[err] Lewis acid  catalyst                  [err] 40
+ [err] 3,3-dichloro-1,1,1 ,2,2-pentafluoropropane (R225ca) and
1,3-dichloro-1,1,2,2,3-pentafluoropropane (R225cb) 45 can be obtained in
good yield, and chloroform produced in a small amount as a by-product by
the disproportionation, will react with tetrafluoroethylene present in an
excess amount to give 1,3,3-trichloro- 1,1,2,2-tetrafluoropropane (R224ca)
as shown by the following formula: 



50              [err] Lewis acid catalyst [err] 55 R224ca has a boiling
point different from R225 and can easily be separated by distillation. The
amount of tetrafluoroethylene to be added is preferably at least equimolar
to R21, although it may depend also on the amount of the Lewis acid.
Preferably, the molar ratio of 4F to R21 is 1.01 [err] 4F/R21 [err] 4    EP
0 456 841 B1 10, particularly 1.01 [err] 4F/R21 [err] 5, more preferably
1.1 [err] 4F/R21 [err] 3. The manner of supplying tetrafluoroethylene (4F)
and dichlorofluoromethane (R21) is not particularly limited so long as the
reaction condition is eventually such that 4F is present in an equimolar
amount, preferably in an excess amount, to R21. However, in order to
suppress the disproportionation reaction of R21, it is preferred to supply
them 5  continuously to the reactor while maintaining the molar ratio in
supply of 4F to R21 within a range of 1 S 4F/R21, preferably 1.01 [err]
4F/R21 [err] 10, particularly 1.01[err] 4F/R21 [err] 5, more preferably 1.1
[err] 4F/R21 [err] 3, and to withdraw the reaction product containing R225
from the reactor continuously. The excess amount of 4F can be recovered
after the reaction. Therefore, 4F can be used in large excess at a level of
10 mol times or more, but it is not an economical operation. 10     The
Lewis acid catalyst may be supplied preliminarily to the reactor, or it may
be supplied continuously to the reactor together with 4F and R21 and
withdrawn continuously from the reactor together with the reaction product.
In the latter case, the recovered Lewis acid catalyst can be recycled. If
R21 remains in the reaction product, disproportionation takes place to form
by-products such as chloroform. Therefore, in order to improve the
selectivity for the desired reaction, it is always preferred to 15  control
the concentration of R21 to the minimum level. To minimize the
concentration of R21 in the reactor, it is preferred to supply the starting
materials R21 and 4F (and the catalyst) continuously to the reactor and to
withdraw the reaction product continuously, so that the concentrations of
the respective components can be maintained at constant levels, and if 4F
is used in excess, it is possible to suppress the concentration of R21 to
the minimum level. Thus, such an operation is preferred. 20     The reactor
to be used for the continuous operation may be any so-called continuous
reactor and may be of either continuous stirred tank reactor or plug flow
reactor. Further, it is necessary to feed solvent for the reaction at the
initiation of the reaction. However, in the case of a continuous operation,
as the reaction continuously proceeds, the solvent for reaction will
gradually be replaced by the reaction product. Therefore, the solvent for
reaction is not particularly restricted, so long 25  as it does not
adversely affect the main reaction. As for the solvent at the initiation of
the reaction, it is preferred to employ PFC such as perfluorooctane or
perfluorobutyltetrahydrofuran, CFC such as
1,1,1-trichloropentafluoropropane (R215cb), 1,1,3-trich-
loropentafluoropropane (R215ca) or 1,1,1,3-tetrachlorotetrafluoropropane
(R214cb), or HCFC such as 3,3- dichloro-1,1,1,2,2-pentafluoropropane
(R225ca), 1,3-dichloro-1,1,2,2,3-pentafluoropropane (R225cb) or 1,3,3- 30
trichloro-1,1,2,2-tetrafluoropropane (R224ca). However, it is possible to
conduct the reaction without solvent. The reaction is conducted usually
within a temperature range of from -80 to [err] Preferably from -20 to
[err]. The reaction pressure is usually from 0 to 19.6 bar (0 to 20 [err]
preferably from 0 to 9.81 bar (0 to 10 kg/cm2). In the case of a continuous
operation, the resident time of the reaction solution is usually from 0.1 



35  minute to 24 hours, preferably from 1 minute to 10 hours, although it
depends on the reaction temperature and the type of the Lewis acid catalyst
used. The amount of the Lewis acid catalyst is usually from 0.1 to 50 mol%,
preferably from 0.1 to 10 mol%, relative to R21. The catalyst to be used
for this reaction is a halide containing at least one element selected from
the group consisting of Sb, Nb, Ta, Zr, Hf and Ti. For example, it is
possible to employ chlorides such 40  as [err], or partially fluorinated
compounds thereof, or bromides and iodides such as, HfBr4, Hfl4, and TiBr4,
or partially chlorinated or fluorinated compounds thereof, such as [err]
and [err] Further, chlorides such as [err] and partially fluorinated
compounds thereof, fluorides such as SbFs, NbFs, TaR, and partally
chlorinated compounds thereof, and bromides and iodides such as 45  TaBr5,
and partially chlorinated or fluorinated compounds thereof, may be used.
Now, the present invention will be described in further detail with
reference to Examples. However, it should be understood that the present
invention is by no means restricted by such specific Examples. Example 1 50
Into a 200 ml Hastelloy C autoclave, 2 g of antimony pentachloride was
added and cooled to [err]. Then, the autoclave was deaerated under reduced
pressure, and 155 g (1.5 mol) of R21 was added thereto. After charging 20 g
of tetrafluoroethylene, the temperature was raised to [err] and
tetrafluoroethylene was continuously added with stirring. Twelve hours
later, the supply of tetrafluoroethylene was stopped, and 55  stirring was
continued for further 4 hours. The total amount of tetrafluoroethylene
charged was 150 g. The pressure was returned to normal pressure, and then
the reaction solution was washed with water, and about 220 g of the crude
reaction product was recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 1. 5    EP 0 456 841 B1 Table 1
Reaction product   Molar ratio (%) 5                               R225
81 Chloroform              1 Other components        18 10 Example 2 The
reaction was conducted in the same manner as in Exampel 1 except that 2 g
of niobium pentachloride was used instead of antimony pentachloride,
whereby 190 g of the crude reaction product was recovered. The results of
the analyses by means of gas chromatography and NMR are shown in Table 2.
Table 2 20 Reaction product   Molar ratio (%) R225                   85
Chloroform              2 25                              Other components
13 Example 3 



30 The reaction was conducted in the same manner in Example 1 except that 2
g of tantalum pentachloride was used instead of antimony pentachloride,
whereby 190 g of the crude reaction product was recovered. The results of
the analyses by means of gas chromatography and NMR are shown in Table 3.
35 Table 3 Reaction product   Molar ratio (%) 40
R225                    84 Chloroform              2 Other components
14 45 Example 6 Into a 200 ml Hastelloy C autoclave, 2 g (0.009 mol) of
zirconium(IV) chloride was added and cooled to [err] Then, the autoclave
was deaerated and 155 g (1.5 mol) of R21 was added thereto. After charging
20 g of tetrafluoroethylene, the temperature was raised to 10* C, and
tetrafluoroethylene was continuously added while maintaining the reaction
temperature within a range of from 10 to 200C. Twelve hours later, the
supply of tetrafluoroethylene was stopped, and stirring was continued for
further 4 hours. The total amount of tetrafluoroethylene charged was 150 g.
The pressure was returned to normal pressure, and then the reaction
solution was washed with water, and 260 g of the crude reaction product was
recovered. The results of the analyses by means of gas chromatography and
NMR are shown in Table 6. 6    EP 0 456 841 B1 Table 6 Reaction product
Molar ratio (%) 5                            R225ca
39 R225cb                          42 Chloroform                       1 10
R224ca [err]             15 Other components                 3 Example 7
The reaction was conducted in the same manner as in Example 6 except that 2
g of titanium tetrachloride was used instead of zirconium(IV) chloride,
whereby 190 g of the crude reaction product was recovered. The results of
the analyses by means of gas chromatography and NMR are shown in Table 7.
20                                            Table 7 Reaction product
Molar ratio (%) R225ca                          37 25 R225cb
43 Chloroform                       5 R224ca [err]                    10 30
Other components                 5 Example 9 



35 The reaction was conducted in the same manner as in Example 6 except
that 2 g of hafnium tetrachloride was used instead of zirconium(IV)
chloride and the reaction temperature was changed to from 10 to [err]
whereby 240 g of the crude reaction product was recovered. The results of
the analyses by means of gas chromatography and NMR are shown in Table 9.
40 Table 9 Reaction product      Molar ratio (%) 45
R225ca                          38 R225cb                          41
Chloroform                       2 50                            R224ca
[errr]                        11 Other components                 8 Example
10 The reaction was conducted in the same manner as in Example 6 except
that 2 g of zirconium dichloride difluoride was used instead of
zirconium(IV) chloride, whereby about 260 g of the crude reaction product
was recovered. The results of the analyses by means of gas chromatography
and NMR are shown 7    EP 0 456 841 B1 in Table 10. Table 10 Reaction
product     Molar ratio (%) R225ca                         36 R225cb
54 Chloroform                      1 R224ca [err]                         6
Other components               3 Example 11 The reaction was conducted in
the same manner as in Example 6 except that 2 g of titanium dichloride
difluoride was used instead of zirconium(IV) chloride, whereby about 260 9
of the crude reaction product was recovered. The results of the analyses by
means of gas chromatography and NMR are shown in Table 11. Table 11 25
Reaction product     Molar ratio (%) R225ca                         37
R225cb                         53 30                           Chloroform
1 R224ca [err]                     7 Other components               2 35
Comparative Example 1-1 Into a 200 [err] Hastelloy C autoclave, 3 g (0.02
mol) of anhydrous aluminum chloride was added and 



40  cooled to -78 C. Then, the autoclave was deaerated, and 155 g (1.5 mol)
of R21 was added thereto. The temperature was raised to [err], and
tetrafluoroethylene was continuously added while maintaining the reaction
temperature within a range of from 10 to [err]   Twelve hours later, the
supply of tetrafluoroethylene was stopped, and stirring was continued for
further 4 hours. The total amount of tetrafluoroethylene charged was 120 g.
The pressure was returned to normal pressure, and then the 45  reaction
solution was washed with water, and about 200 g of the crude reaction
product was recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 1-1. so 55 8    EP 0 456 841 B1
Table 1-1 Reaction product     Molar ratio (%) 5
R225ca                         27 R225cb                         18
Chloroform                     20 R224ca [err]            10 10
Other components               25 Preparation Example 1 15 Into a 2 [err]
three necked round bottom flask equipped with a reflux condenser, 200 g
(1.5 mol) of anhydrous aluminum chloride and 2000 g (14.6 mol) of
trichlorofluoromethane (R11) were charged under a nitrogen stream and
gently stirred at [err] for 12 hours. After leaving the reaction mixture to
stand still for 1 hour, the supernatant was removed, followed by drying
under reduced pressure to obtain [err]. The 20 fluorine content [err] of
this product was 0.1. Preparation Example 2 Into a 2 [err] three necked
round bottom flask equipped with a reflux condenser, 200 g (0.86 mol) of 25
anhydrous zirconium(IV) chloride and 2000 g (14.6 mol) of
trichlorofluoromethane (R11) were charged under a nitrogen stream and
stirred at [err] for 2 hours. After leaving the mixture to stand still for
1 hour, the supernatant was removed, followed by drying under reduced
pressure to obtain [err].  The fluorine content [err] of this product was
1.6. 30  Preparation Example 3 Into a 2 [err] three necked round bottom
flask equipped with a reflux condenser, 200 g (1.1 mol) of anhydrous
titanium tetrachloride and 2000 g (19.4 mol) of dichlorofluoromethane (R21)
were charged under a nitrogen stream and stirred at [err] for 12 hours.
After leaving the mixture to stand still for 1 hour, the 35  supernatant
was removed, followed by drying under reduced pressure to obtain [err].
The fluorine content [err] of this product was 2.3. Preparation Example 4
40    Into a 1 [err] Hastelloy C autoclave, 200 g (0,6 mol) of anhydrous
tantalum pentachloride was charged, and the autoclave was deaerated under
reduced pressure. Then, 500 g (25 mol) of anhydrous hydrogen fluoride was
added thereto, and the mixture was stirred at [err] for 5 hours. Then,
hydrogen fluoride and hydrogen chloride were removed under reduced pressure
to obtain [err] The fluorine content [err] of this product was 4. 



45 Example 12 Into a 10 [err Hastelloy C autoclave, 0.1 kg of aluminum
fluoride chloride prepared in Preparation Example 1 was charged, and the
autoclave was deaerated under reduced pressure. Then, 3 kg (14.8 mol) 50
of R225ca [err] was added thereto. The autoclave was cooled to [err]. Then,
while maintain- ing the reaction temperature within a range of from 0 to 5
C, tetrafluoroethylene and R21 were continuously added at the rates of 850
g/hr and 670 g/hr, respectively. Six hours later, the supply of
tetrafluoroethylene and R21 was stopped, and stirring was continued for
further 4 hours while maintaining the reaction temperature within a range
of from 5 to 10 * C. The pressure was returned to normal pressure, and then
the ss  reaction solution was subjected to filtration, whereby about 10.7
kg of the crude reaction product was recovered. The results of the analyses
by means of gas chromatography and [err] - NMR are shown in Table 12. The
rude reaction product was purified by distillation to obtain 9.8 kg of R225
(dichloropen- tafluoropropane).    EP 0 456 841 B1 Table 12 Composition of
the reaction solution   Molar ratio (%) 5                           R225ca
[err]                71.5 R225cb [err]                23 Chloroform [err]
0 10                          R224ca [err]                        2 Other
components                  3.5 15  Example 13 The reaction was conducted
in the same manner as in Preparation Example 1 except that 2000 g (19.4
mol) of dichlorofluoromethane (R21) was used instead of
trichlorofluoromethane (R11), to obtain aluminum fluoride chloride ([err]:
0.01). Then, using 0.1 kg of this product, the reaction was conducted in
the same 20 manner as in Example 12, whereby 10.8 kg of the crude reaction
product was recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 13. The crude reaction product
was purified by distillation to obtain 9.6 kg of R225
(dichloropentafluoropropane). Example 14 25     The reaction was conducted
in the same manner as in Example 12 except that 0.1 kg of zirconium
fluoride chloride obtained in Preparation Example 2 was used, whereby 10.8
kg of the crude reaction product was recovered. The results of the analyses
by means of gas chromatography and NMR are shown in Table 13. The reaction
product was purified by distillation to obtain 10.2 kg of R225
(dichloropen- 30 tafluoropropane). Example 15 The reaction was conducted in
the same manner as in Preparation Example 2 except that 2000 g (19.4 35
mol) of dichlorofluoromethane (R21) was used instead of
trichlorofluoromethane (R11), whereby zirconium fluoride chloride was
prepared ([err]: 1.8). Then, using 0.1 kg of this product, the reaction was
conducted in the same manner as in Example 12, whereby 10.7 kg of the crude
reaction product was recovered. The results of the analyses by means of gas
chromatography and NMR are shown in Table 13. The crude reaction product
was purified by distillation to obtain 10.1 kg of R225
(dichloropentafluoropropane). 40  Example 16 The reaction was conducted in
the same manner as In Example 12 except that 0.2 kg of tantalum 



fluoride chloride prepared in Preparation Example 4 was used, whereby 9.5
kg of the crude reaction product 45 was recovered. The results of the
analyses by means of gas chromatography and NMR are shown in Table 13. The
crude reaction product was purified by distillation to obtain 8.5 kg of
R225 (dichloropen- tafluoropropane). 50 55 10    EP 0 456 841 B1 Table 13
Example Nos.             13   14   15   16 5                  Composition
of the reaction products (%) R225ca                  72   58   58   65
R225cb                  22   40   41   23 Chloroform               0    0
0    1 10 R224ca                   2   1.5  0.5  6.5 Others
4   0.5  0.5  4.5 15 Example 17 The reaction was conducted in the same
manner as in Example 12 except that 0.1 kg of titanium fluoride chloride
prepared in Preparation Example 3 was used, whereby 10.5 kg of the crude
reaction 20  product was recovered. The results of the analyses by means of
gas chromatography and NMR are shown in Table 14. The crude reaction
product was purified by distillation to obtain 9.5 kg of R225 (dichloropen-
tafluoropropane). Example 18 25 The reaction was conducted in the same
manner as in Preparation Example 3 except that 2000 g (14.6 mol) of
trichlorofluoromethane (R11) was used instead of dichlorofluoromethane
(R21) and stirring was conducted at [err] for one week, whereby titanium
fluoride chloride was prepared ([err]: 2.2). Then, using 0.1 kg of this
product, the reaction was conducted in the same manner as in Example 12,
whereby 10.7 kg of 30  the crude reaction product was recovered. The
results of the analyses by means of gas chromatography and NMR are shown in
Table 14. The crude reaction product was purified by distillation to obtain
9.6 kg of R225 (dichloropentafluoropropane). Example 19 35 The reaction was
conducted in the same manner as in Preparation Example 1 except that 200 g
of hafnium tetrachloride was used instead of zirconium(IV) chloride,
whereby hafnium fluoride chloride [err] 1.5) was prepared. Then, using 0.1
kg of this product, the reaction was conducted in the same manner as in
Example 12, whereby 10.7 kg of the crude reaction product was recovered.
The results of the analyses by 40  means of gas chromatography and NMR are
shown in Table 14. The crude reaction product was purified by distillation
to obtain 9.9 kg of R225 (dichloropentafluoropropane). Example 20 45
The reaction was conducted in the same manner as in Preparation Example 2
except that 200 g of 



hafnium tetrachloride was used instead of zirconium(IV) chloride, 2000 g
(19.4 mol) of dich- lorofluoromethane (R21) was used instead of
trichlorofluoromethane (R1 1), whereby hafnium fluoride chloride [err] 1.7)
was prepared. Then, using 0.1 kg of this product, the reaction was
conducted in the same manner as in Example 12, whereby 10.6 kg of the crude
reaction product was recovered. The results of the 50  analyses by means of
gas chromatography and NMR are shown in Table 14. The crude reaction
product was purified by distillation to obtain 9.8 kg of R225
(dichloropentafluoropropane). 55    EP 0 456 841 B1 Table 14 Example Nos.
17   18   19   20 5                   Composition of the reaction solution
(%) R225ca                  60   61   60   59 R225cb                  37
36   38   39 Chloroform               0    0    0    0 R224ca
2.5  2.5  1.5  1.5 Others                  0.5  0.5  0.5  0.5 15 Example 21
A 10 [err] Hastelloy C autoclave was deaerated under reduced pressure after
100 g of aluminum fluoride chloride prepared in Preparation Example 1 was
charged. And then, 10 kg of 1,1,1 -trichloropen- 20  tafluoropropane
(R215cb) was charged as an initial solvent. The autoclave was cooled to
[err]. Then, while maintaining the reaction temperature within a range of
from 0 to [err] , tetrafluoroethylene, dich- lorofluoromethane and the
aluminum fluoride chloride prepared in Preparation Example 1 were
continuously added at the rates of 1300 g/hr, 1030 g/hr and 20 g/hr,
respectively. The reaction was conducted with continuously discharging the
reaction mixture which is the same amount as the charged one. From the 25
results of the analyses by means of gas chromatography and [err], it was
found that after 20 hours of the reaction, the initial solvent [err] was
not present in the reaction mixture. The composition of the reaction
products after 30 hours is shown in Table 15. 10.7 kg of the crude reaction
products recovered since 20 hours later was purified by distillation to
obtain 9.2 kg (yield: 86%) of dichloropentafluoropropane (R225). 30 Example
22 The reaction was conducted in the same manner as in Example 21 except
that zirconium fluoride chloride prepared in Preparation Example 2 was used
instead of aluminum fluoride chloride. The composi- 35  tion of the
reaction products after 30 hours of the reaction is shown in Table 15. 10.7
kg of a crude reaction products recovered since 20 hours later was purified
by distillation to obtain 9.2 kg (yield: 86%) of dichloropentafluoropropane
(R225). Example 23 40 The reaction was conducted in the same manner as in
Example 21 except that 40 g/hr of titanium fluoride chloride prepared in
Preparation Example 3 was supplied instead of aluminum fluoride chloride.
The composition of the reaction products after 30 hours of the reaction is
shown in Table 15. 10.7 kg of the crude reaction products recovered since
20 hours later was purified by distillation to obtain 9.2 kg (yield: 



45  86%) of dichloropentafluoropropane (R225). Example 24 The reaction was
conducted in the same manner as in Example 21 except that hafnium fluoride
chloride 50  used in Example 19 was employed instead of aluminum fluoride
chloride. The composition of the reaction products after 30 hours of the
reaction is shown in Table 15. 10.7 kg of the crude reaction products
recovered since 20 hours later was purified by distillation to obtain 9.2
kg (yield: 86%) of dichloropen- tafluoropropane (R225). 55 Example 25 The
reaction was conducted in the same manner as in Example 21 except that 40
g/hr of tantalum fluoride chloride prepared In Preparation Example 4 was
used instead of aluminum fluoride chloride. The 12    EP 0 466 841 B1
composition of the reaction products after 30 hours is shown in Table 15.
10.7 kg of the crude reaction product recovered after 20 hours was purified
by distillation to obtain 9 kg (yield: 84%) of dichloropen- tafluoropropane
(R225). 5                                          Table 15 Example Nos.
21   22   23   24   25 Composition of the reaction solution (%) 10
R225ca                   58   40   39   40   60 R225cb                  38
58   57   58   35 Chloroform              0    0    0    0    0 15
R224ca                   2    1    3    1    3 Others                   2
1    1    1    2 20  Example 27 The reaction was conducted in the same
manner as in Example 14 except that anhydrous zirconium(IV) chloride was
used instead of zirconium(IV) fluoride chloride, whereby 10.7 kg of the
crude reaction product was recovered. The results of the analyses by means
of gas chromatography and NMR are shown in Table 25  16. The crude reaction
product was purified by distillation to obtain 9 kg of R225 (dichloropen-
tafluoropropane). Example 28 30     The reaction was conducted in the same
manner as in Example 17 except that 0.1 kg of anhydrous titanium chloride
was used instead of titanium fluoride chloride, whereby 10.5 kg of the
crude reaction product was recovered. The results of the analyses by means
of gas chromatography and NMR are shown in Table 16. The crude reaction
product was purified by distillation to obtain 8.5 kg of R225 (dichloropen-
tafluoropropane). 35 Example 29 The reaction was conducted in the same
manner as in Example 19 except that 0.1 kg of anhydrous hafnium
tetrachloride was used instead of hafnium fluoride chloride, whereby 10.5
kg of a crude reaction 40  products was recovered. The results of the
analyses by means of gas chromatography and NMR are shown in Table 16. The
crude reaction product was purified by distillation to obtain 8.9 kg of
R225 (dichloropen- tafluoropropane). Example 30 



45 The reaction was conducted in the same manner as in Example 16 except
that 0.1 kg of anhydrous tantalum pentachloride was used instead of
tantalum fluoride chloride, whereby 9 kg of the crude reaction product was
recovered. The results of the analyses by means of gas chromatography and
NMR are shown in Table 16. The crude reaction product was purified by
distillation to obtain 7.5 kg of R225 (dichloropen- so tafluoropropane). 55
13    EP 0 456 841 B1 Table 16 Example Nos.             27   28   29   30 5
Composition of the reaction solution (%) R225ca                  58   59
59   64 R225cb                  40   37   38   22 Chloroform
0.5    1   0.5   2 10 R224ca                   1   2.5  1.5   8 Others
0.5  0.5    1    4 15 Example 33 (Reference Example) A 10 [err] Hastelloy C
autoclave was deaerated under reduced pressure. Then, 10 kg of R215cb [err]
was charged as the initial solvent. 20     The autoclave was cooled to -15
C. Then, while maintaining the reaction temperature within a range of from
[err] tetrafluoroethylene, R21 and aluminum chloride were continuously
added at the rates of 1300 g/hr, 1030 g/hr and 20 g/hr (1.5 mol% relative
to R21, same applied hereinafter), respectively. The reaction was conducted
with continuously withdrawing the reaction mixture which is the same amount
as the charged one. From the results of the analyses by means of gas
chromatography and [err] it was 25 found that after 20 hours of the
reaction, the initial solvent R215cb was not, present in the reaction
mixture. The composition of the reaction solution at that time is shown in
Table 19. Table 19 30                        Composition of the reaction
solution   Molar ratio (%) R225 [err]  (R225ca)              57 35
[err]  (R225cb)             37 R224 [err]  (R224ca)             3 [err]
(R20)                        0 40                          Other components
3 The reaction mixture which is the same amount as the charged one was
continuously withdrawn, and 10.7 kg of the crude reaction product thereby
obtained was purified by distillation to obtain 9.1 kg (yield: 45  85%) of
R225 (dichloropentafluoropropane). Example 37 The reaction was conducted in
the same manner as in Example 33 except that the catalyst was 



50  changed to zirconium(lV) chloride, and the supplying rate of the
catalyst was changed to 20 g/hr (0.9 mol%), whereby 11 kg of the crude
reaction solution was recovered. The results of the analyses by means of
gas chromatography and NMR are shown in Table 23. 55 14    EP 0 456 841 B1
Table 23 Composition of the reaction solution   Molar ratio (%) 5
R225ca                            39 R225cb                           58
Chloroform                        0 10                           R224 [err]
2 Other components                  1 The crude reaction solution was
purified by distillation to obtain 9.5 kg (yield: 86%) of R225 15
(dichloropentafluoropropane). Example 38 The reaction was conducted in the
same manner as in Example 33 except that the catalyst was changed to
titanium tetrachloride, and the supplying rate of the catalyst was changed
to 20 g/hr (1.1 mol%), whereby 11 kg of the crude reaction solution was
recovered. The results of the analyses by means of gas chromatography and
NMR are shown in Table 24. Table 24 25 Composition of the reaction solution
Molar ratio (%) R225ca                        38 R225cb
56 30                              Chloroform                      0 R224ca
4 Other components               2 35 The crude reaction Solution was
purified by distillation to obtain 9.2 kg (yield: 84%) of R225
(dichloropentafluoropropane). Example 39 40 The reaction was conducted in
the same manner as in Example 33 except that the catalyst was changed to
zirconium dichlorlde difluoride, and the supplying rate of the catalyst was
changed to 20 g/hr (1 mol%), whereby 11 kg of the crude reaction product
was recovered. The results of the analyses by means of gas chromatography
and NMR are shown in Table 25. 45 Table 25 Composition of the reaction
solution   Molar ratio (%) 50                           R225ca
39 R225cb                            58 Chloroform
0 



55                           R224ca [err]             2 Other components
1 15    EP 0 456 841 B1 The crude reaction product was purified by
distillation to obtain 9.5 kg (yield: 86%) of R225
(dichloropentafluoropropane). Example 40 5 The reaction was conducted in
the same manner as in Example 33 except that the catalyst was changed to
titanium dichloride difluoride, and the supplying rate of the catalyst was
changed to 20 g/hr (1.3 mol%), whereby 11 kg of the crude reaction solution
was recovered. The results of the analyses by means of gas chromatography
and NMR are shown in Table 26. 10 Table 26 Composition of the reaction
solution   Molar ratio (%) 15                              R225ca
38 R225cb                        56 Chloroform                     0 20
R224ca                          4 Other components               2 The
crude reaction solution was purified by distillation to obtain 9.2 kg
(yield: 84%) of R225 25 (dichloropentafluoropropane). Example 42 The
reaction was conducted in the same manner as in Example 33 except that the
catalyst was changed to hafnium tetrachloride, and the supplying rate of
the catalyst was changed to 20 g/hr (0.6 mol%), whereby 11 kg of the crude
reaction solution was recovered. The results of the analyses by means of
gas chromatography and NMR are shown in Table 28. Table 28 35 Composition
of the reaction solution   Molar ratio (%) R225ca                        38
R225cb                        57 Chloroform                     0 R224ca
3 Other components               2 45 The crude reaction solution was
purified by distillation to obtain 9.5 kg (yield: 86%) of R225
(dichloropentafluoropropane). As shown by the Examples, according to the
present invention, dichloropentafluoropropane (R225), a high-purity product
of which used to be hardly available, can be produced in good yield. 50
Claims 1. A method for producing a dichloropentafluoropropane, which
comprises reacting dichlorofluoromethane 



(R21) with tetrafluoroethylene (4F) in the presence of a Lewis acid
catalyst for addition reaction to 55     obtain dichloropentafluoropropane,
wherein said Lewis acid is a halide containing at least one element
selected from the group consisting of Sb, Nb, Ta, Zr, Hf and Ti, or a
fluoride of the formula [err] 16    The crude reaction product was purified
by distillation to obtain 9.5 kg (yield: 86%) of R225
(dichloropentafluoropropane). Example 40 5 The reaction was conducted in
the same manner as in Example 33 except that the catalyst was changed to
titanium dichloride difluoride, and the supplying rate of the catalyst was
changed to 20 g/hr (1.3 mol%), whereby 11 kg of the crude reaction solution
was recovered. The results of the analyses by means of gas chromatography
and NMR are shown in Table 26. 10 Table 26 Composition of the reaction
solution   Molar ratio (%) 15                             R225ca
38 R225cb                        56 Chloroform                     0 R224ca
4 20 Other components               2 The crude reaction solution was
purified by distillation to obtain 9.2 kg (yield: 84%) of R225 25
(dichloropentafluoropropane). Example 42 The reaction was conducted in the
same manner as in Example 33 except that the catalyst was 30 changed to
hafnium tetrachloride, and the supplying rate of the catalyst was changed
to 20 g/hr (0.6 mol%), whereby 11 kg of the crude reaction solution was
recovered. The results of the analyses by means of gas chromatography and
NMR are shown in Table 28. Table 28 35 Composition of the reaction solution
Molar ratio (%) R225ca                        38 R225cb
57 40 Chloroform                     0 R224ca                         3
Other components               2 45 The crude reaction solution was
purified by distillation to obtain 9.5 kg (yield: 86%) of R225
(dichloropentafluoropropane). As shown by the Examples, according to the
present invention, dichloropentafluoropropane (R225), a high-purity product
of which used to be hardly available, can be produced in good yield. 



50 Claims 1. A method for producing a dichloropentafluoropropane, which
comprises reacting dichlorofluoromethane (R21) with tetrafluoroethylene
(4F) in the presence of a Lewis acid catalyst for addition reaction to 55
obtain dichloropentafluoropropane, wherein said Lewis acid is a halide
containing at least one element selected from the group consisting of Sb,
Nb, Ta, Zr, Hf and Ti, or a fluoride of the formula [err] 16    wherein M
is one of atoms selected from Group IVa, Group Va and Group lllb, or a
mixture of such atoms, X is one of Cl, Br and I atoms, or a mixture of such
atoms, a is a real number of 0 < a < 5, and [err] is a real number of 0 <
[err] 3.5 in the case of Group IVa, a real number of 0 < [err] 4.5 in the
case of 5      Group Va, and a real number of 0 < [err] 2.5 in the case of
Group lllb, provided that a + [err] is an integer of from 3 to 5. 2. The
method according to Claim 1 , wherein the fluoride is a compound obtained
by fluorinating a halogen compound of the formula 10 [err] wherein M is one
of atoms selected from Group lVa, Group Va and Group lllb, or a mixture of
such atoms, X is one of Cl , Br, and I atoms, or a mixture of such atoms,
and a is a = 4 in the case of 15     Group IVa, a = 5 in the case of Group
Va, and a = 3 in the case of Group Illb, with a fluorinating agent. 3  The
method according to Claim 2, wherein a chlorofluorocarbon (CFC) or
hydrochlorofluorocarbon (HCFC) is used as the fluorinating agent. 20 4. The
method according to Claim 1, wherein the reaction is conducted under the
reaction condition such that the molar ratio of 4F to R21 is 1 [err]
4F/R21. 5. The method according to claim 4, wherein the molar ratio of 4F
to R21 is 1.01 S 4F/R21 S 10. 25 6. The method according to Claim 4,
wherein 4F and R21 are continuously supplied to the reactor in a molar
ratio of 4F to R21 being 1 S 4F/R21, and the reaction product containing
the dichloropen- tafluoropropane is continuously withdrawn from the
reactor. 30  7. The method according to Claim 4, wherein the Lewis acid
catalyst, 4F and R21 are continuously supplied to the reactor in a molar
ratio of 4F to R21 being 1 S 4FIR21, and the reaction product containing
the dichloropentafluoropropane and the Lewis acid catalyst are continuously
withdrawn from the reactor. 35 Patentansprliche 1. Verfahren zum Herstellen
eines Dichlorpentafluorpropans, umfassend das Umsetzen von Dichlorfluor-
methan (R21) mit Tetrafluorethylen (4F) in Gegenwart eines
Lewissaure-Katalysators zur Additionsreak- tion, um Dichlorpentafluorpropan
zu erhalten, worin die Lewisslure ein Halogenid ist, das mindestens 40
ein Element, ausgewifhit aus der Gruppe bestehend aus Sb, Nb, Ta, Zr, Hf
und Ti entbalt oder ein Fluorid der Formel MXaFj3 45     worin M eines der
Atome, ausgewlhlt aus der Gruppe IVa, Gruppe Va und Gruppe Illb oder eine 



Mischung solcher Atome ist, X eines von Cl-, Br- und l-Atomen oder eine
Mischung solcher Atome ist, a eine reelle Zahl von 0 < a< 5 ist und 0 eine
reelle Zahl von 0 < , 5 3,5 im Falle der Gruppe IVa, eine reelle Zahl von 0
< ,B S 4,5 im Falle der Gruppe Va und eine reelle Zahl von 0 < , 5 2,5 im
Falle der Gruppe Illb ist, unter der Bedingung, daB a + 0 eine ganze Zahl
von 3 bis 5 ist. 50 2. Verfahren nach Anspruch 1, worin das Fluorid eine
Verbindung ist, erhalten durch Fluorieren einer Halogenverbindung der
Formel MXa 55 worin M eines der Atome, ausgewlhlt aus der Gruppe IVa,
Gruppe Va und Gruppe Illb oder eine Mischung solcher Atome ist, X sines von
Cl-, Br- und l-Atomen oder eine Mischung solcher Atome ist und a = 4 im
Falle der Gruppe IVa, a = 5 im Falle der Gruppe Va und a = 3 im Falle der
Gruppe Illb 17    i   EP 0 456 841 B1                 I 1111111 111111
11111 11111 11111 ,                                         *
~~~~~~~~~~~~~~~~~~~C   L  M   S ist, mit einom Fluorierungsmittel. 3.
Verfahron nach Anspruch 2, worin ein Chlorfluorkohlsnstoff (CFC) oder
Hydrogenchlorfluorkohlenstoff (HCFC) als Fluorierungsmittel eingesetzt
wird. 5 4. Verfahren nach Anspruch 1, worin die Umsetzung unter der
Reaktionsbedingung ausgefUhrt wird, dap das molare Verhaltnis von 4F zu R21
1 5 4F/R21 ist. 5. Verfahrsn nach Anspruch 4, worin das molare Verhaltnis
von 4F zu R21 1,01 S 4F/R21 S 10 ist. 6. Verfahren nach Anspruch 4, worin
4F und R21 kontinuierlich in einem moleren Verhltnis von 4F zu R21 1 5
4F/R21 dem Reaktor zugef0hrt warden, und das Dichlorpentafluorpropan
enthaltende Reak- tionsprodukt kontinuierlich aus dem Reaktor abgezogen
wird. 16  7. Verfahren nach Anspruch 4, worin der Lewisslure-Katalysator,
4F und R21 dem Reaktor in einem moleren Verhaltnis von 4F zu R21 von 1 S
4F/R21 zugeflhrt warden, und das Dichlorpentafluorpropan und der
Lewissaure-Katalysator enthaltende Reaktionsprodukt kontinuierlich aus dem
Reaktor abgezo- gen wird. 20  Revendlcatlons 1. Proced4 de pr6paration d'un
dichloropentafluoropropane qui comprend la reaction du dichlorofluorom6-
thane (R21) avoc du tetrafluorodthylbne (4F) en presence d'un acide de
Lewis comme catalyseur de rdaction d'addition pour obtenir du
dichloropentafluoropropane, dans lequel cot acide de Lewis est un 25
halogdnure contenant au moins un eiement choisi parmi Sb, Nb, Ta, Zr, Hf et
Ti, ou un fluorure repondant a la formula: MX.F5 30        dans laquelle M
est un atome choisi parmi ceux des Groupes IVa, Va et Illb, ou un m6lange
de ces atomes, X est un atome Cl, Br ou I ou un melange de ceux-ci, a est
un nombre rMal tel qua O<a<5, et p8 est un nombre rsel tel quo 0c<fS3,5
dans le cas du Groupe IVa, un nombre r6el tel qua O<f,54,5 dans le cas du
Groupe Va, at un nombre reol tel qua 0<,8S2,5 dans le cas du Groupe Illb,
sous r~serve quo a + ,8 soit un entier de 3 A 5. 35 2. Procedd solon la
revendication 1, dans loquel le fluorure est un compos6 obtenu on fluorant
un 



compose halogene repondant & la formule: MX, 40 cdans laquelle M est un
atome choisi parmi coux des Groupes lVa, Va et Illb, ou un melange de ces
atomes, X est un atome de Cl, Br ou I ou un m~lange de ces atomes, et a = 4
dans le cas du Groupe IVa, a = 5 dans le cas du Groupe Va et a = 3 dans le
cas du Groupe Illb, avec un agent de fluoration. 46  &  Procdd6 salon la
revendication 2, dans loquol on utilise comme agent de fluoration un
chlorofluorocar- bone (CFC) ou un hydrochlorofluorocarbone (HCFC). 4.
Procede salon la revendication 1, dans lequol la reaction est effectu6e
dans des conditions reactionnel- les telles qua le rapport molaire du 4F au
R21 soit tel quo 1S4F/R21. 80 5. Procddt solon la revendication 4, dans
loquol le rapport molaire du 4F au R21 est tel quo 1 ,0154F/R21S10. 6.
Proc~dd salon la revendication 4, dans lequel le 4F et le R21 sont
introduits en continu dans le 65     rdactaur dans un rapport molaire du 4F
au R21 tel quo 1S4F/R21, et le produit de reaction contenant le
dichloropentafluoro-propane est soutire en continu du r6acteur. 18    EP 0
456 841 1311                             C   L   N I l!IIII  SIII III! II
I!I 7. ProcWdd selon la revendication 4, dans lequel I'acide de Lewis
utiOisM comme catalyseur, le 4F et le R21 sont introduits en continu dans
le rdacteur dans un rapport molaire du 4F au R21 tel que 194F/R21, et le
produit de la reaction contenant le dichloropentafluoro-propane et I'acide
de Lewis utilis6 comme catalyseur sont soutir~s en continu du reacteur. 5
10 15 20 25 30 35 40 45 50 55    


