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Abstract:

Process for the preparation of 1,1,l1-trifluoro-2-chloro-
ethane

The invention relates to a process for the preparation of
1,1,1-trifluoro-2-chloroethane from trichloroethene and
hydrogen fluoride in the gas phase. In this process a
catalyst containing chromium and magnesium is used, which
catalyst is obtainable by precipitating chromium(III)
hydroxide by reacting 1 mole of a water-soluble
chromium(III) salt with at least 1.5 mol of magnesium
hydroxide or magnesium oxide in the presence of water,
converting the reaction mixture into a paste containing
chromium hydroxide and a magnesium salt and then drying

the paste and treating it at temperatures of 20 to 500°C
with hydrogen fluoride.
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Description

Process for the preparation of 1,1,1-trifluoro-2-chloro-

ethane

The invention relates to a process for the preparation of
1,1,1-trifluoro-2-chloroethane by reaction of trichloro-
ethene with hydrogen fluoride in the gas phase.

1,1,1-Trifluoro-2-chloroethane (which hereinafter is also
designated as trifluorochloroethane) can be used as a
versatile intermediate for the preparation of other
trifluoromethyl compounds. 1,1,1,2-Tetrafluoroethane
(R 134a), which is a suitable chlorine-free substitute
for difluorodichloromethane (R 12) in refrigeration and
air-conditioning technology, is obtained, for example, by
further chlorine-fluorine exchange. In addition, tri-

fluoroethanol, trifluoroacetyl chloride and the inhal-

ation anesthetic trifluorochlorobromoethane can also be
prepared from trifluorochloroethane.

It is already known that trifluorochloroethane can be
ocbtained in the reaction of trichloroethene with hydrogen
fluoride over suitable catalysts not only in the gas
phase but also ip the liquid phase.

Catalysts which have been described for the gas phase
reaction are predominantly solids which are composed
either completely of chromium(III) compounds or contain
a chromium(III) salt on a support material such as
alumina.

However, the results obtained in the previously known

preparation processes are unsatisfactory in several
respects:

1. The trichloroethene used is only converted incom-
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pletely.

2. Apart from trifluorochloroethane, various by-
products are additionally formed (lack of selec-
tivity).

3. The catalysts rapidly lose activity.

British Patent 1,025,750 describes the reaction of
trichloroethene with hydrogen fluoride over chromyl
fluoride catalysts, which are prepared from hydrated
chromium(III) oxide or chromium(III) hydroxide precipit-
ated under basic conditions. By means of these catalysts,
the hitherto highest conversions have been achieved (86~

96 %). The yields of trifluorochloroethane, relative to
converted trichloroethene, were 82-92 %.

US Patent 3,755,477 mentions a trifluorochloroethane
vield of 85 % for a chromyl fluoride catalyst prepared

from chromium(III) hydroxide and additionally activated

with water wvapor.

Investigations of the chromyl fluoride catalysts des-
cribed have shown that the conversion of trichloroethene
drops considerably after a continuous exposure for 50-
100 hours, so that these catalysts are not suitable for
the industrial preparation of trifluorochloroethane.

The processes described in US Patent 2,885,427 and German
Patent 1,246,703, which use other chromium-~-containing

catalysts, give even more unfavorable yields of tri-
fluorochloroethane.

It has now been found that the catalyst described in
EP-0S 130,532 = US Patent 4,547,483, which is composed of
magnesium fluoride and a fluorine-containing chromium-
(III) compound, makes it possible to convert trichloro-
ethene into trifluorochloroethane with surprising selec-
tivity and almost guantitative conversion.
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The invention relates to a process for the preparation of
1,1,1-trifluoro-2-chloroethane from trichloroethene and
hydrogen fluoride in the gas phase, which comprises using
a catalyst containing chromium and magnesium, which
catalyst is obtainable by precipitating chromium(III1)
hydroxide by reacting 1 mole of a water-soluble
chromium(III) salt with at least 1.5 mol of magnesium
hydroxide or magnesium oxide in the presence of water,
converting the reaction mixture into a paste containing
chromium hydroxide and a magnesium salt and then drying
the paste and treating it at temperatures of 20 to 500°C
with hydrogen fluoride.

The gas phase reaction according to the invention is
particularly efficient under elevated pressure, since the
high conversion is then maintained over a particularly
long period. During the reaction, a pressure of 1-26 bar,
preferably 2-17 bar, particularly preferably 4-10 bar, is
adjusted in the reactor by means of a control valve.

If the activity diminishes, the catalyst can be rapidly
regenerated by passing air at elevated temperatures over
it, as a result of which it then again reaches its
original performance. This regeneration process can be
repeated several times without damaging the catalyst. A
pretreatment (conditioning) with air at temperatures of
100 to 500°C has the effect that the catalyst reaches its
maximum activity right at the start of the reaction.

The process according to the invention can be carried
out, for example, in such a manner that the starting
materials trichloroethene and hydrogen f£fluoride are
continuously fed to an evaporator made of stainless steel
or nickel. The temperature of the evaporator is not
critical but must be sufficient to convert both com-
ponents at the chosen pressure completely into the gas
phase. The gaseous starting materials enter, if approp-
riate via a preheating zone and a gas mixer, the reactor
which contains a bed of the catalyst described in EP~0OS
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130,532. The reactor is likewise made of stainless steel
or nickel and can be used in various technical designs,

for example as shaft, tubular or annular reactor.

The temperature of the catalyst bed is maintained at 150~
450°C, preferably at 250-350°C, by heating the reactor.

To achieve complete conversion of the trichloroethene,
the hydrogen fluoride is preferably used in excess. The
molar ratio of hydrogen fluoride/trichloroethene 18 in
general at least 3:1; the upper limit of the molar ratio
only depends on economical considerations. Preferably it
is 4:1 to 8:1, in particular 4:1 to 6:1.

The process according to the invention is illustrated in
more detail by the examples which follow.

Test report

A (Preparation of the catalyst according to EP-0S
130,532)

200 g of Cr(NO;), x 9 H,0 were dissolved in 1 1 of water.
This solution was added to a mixture of 500 g of magne-
sium oxide and 240 g of graphite, and the resulting
paste-like material was intimately kneaded.

The paste-like reaction product was then granulated to

give cube-shaped pieces (length of edge 0.5 cm) and dried
at 100°C for 16 hours.

1 1 (pump volume) of the dried catalyst pieces (= 600 g)
were treated in a stainless steel or nickel tube of 5 cm
clearance and 100 cm length at 200°C with 15 mol of
hydrogen fluoride. The duration of the hydrogen fluoride
treatment was about 6 hours. For this treatment, the HF

was diluted with N,. The fluorination catalyst obtained
had a chromium content of 2.3 % by weight.
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B (Preparation of the catalyst according to EP-0S
130,532)

200 g of Cr(NO,;); x 9 H,0 were dissolved in 278 ml of
water. This solution was added to a mixture of 138 g of
magnesium oxide and 136 g of graphite. The further
processing and hydrogen fluoride treatment was carried
out in accordance with test report A. The ready-to-use
fluorination catalyst contained 4.3 % by weight of

chromium.
Example 1

56 g of trichloroethene and 43 g of hydrogen fluoride per
hour were passed as a gas over 1 1 of the catalyst
prepared by the method of test report A in a tubular
reactor which was maintained at a temperature of 300°C by
means of an electric heating coil.

The tubular reactor was the same which had already been
used for the hydrogen fluoride treatment in the prepara-

tion of the catalyst.

The gaseous reaction products leaving the reactor were
fed to a wash tank filled with water or potassium hydrox-
jde solution, in which the hydrogen chloride formed and
excess hydrogen fluoride were absorbed.

The gaseous water-insoluble reaction products were
analyzed by gas chromatography.

After 24 hours at atmospheric pressure, the conversion
was 98.6 %, relative to the trichloroethene used. The
selectivity for trifluorochloroethane was 98.7 $, rela-
tive to converted trichloroethene.

The reaction product contained 97.3 % by weight of
CF,CH,Cl.
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After 170 hours at atmospheric pressure, the conversion
was 95.0 % and the selectivity 96.3 %.

Example 2

The catalyst prepared by the method of test report A was
aused for the reaction of trichloroethene with hydrogen
fluoride in the same experimental set-up as in Example 1.
120 g of trichloroethene per hour and 92 g of hydrogen

fluoride per hour were passed as a gas over the catalyst
at 300°C.

After 24 hours at a superatmospheric pressure of 9 bar,
the conversion was 99.8 %, relative to the trichloro-
ethene used. Selectivity for trifluorochloroethane was
97.7 %, relative to converted trichloroethene.

The reaction product contained 387.5 % by weight of

After 160 hours at 10 bar, the conversion was 99.3 % and
the selectivity 97.4 %.

Example 3

The catalyst prepared by the method of test report A was
used in the same experimental set-up as in Example 1.
120 g of trichloroethene per hour and 82 g of hydrogen
fluoride per hour were passed as a gas over the catalyst,
which corresponds to a molar ratio of HF/C,HCl,; of 4.5:1.
The reaction temperature was 300°C. After 20 hours at a
pressure of 10 bar, the conversion was found to be
95.5 %, relative to the trichloroethene used, and the
selectivity for trifluorochloroethane was found to be
95.6 %, relative to the trichloroethene used.

The reaction product contained 91.3 % by weight of
CF,CH,C1.
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Example 4

1 liter of a catalyst prepared by the method of test
report A showed the following result in the same experi-
mental set-up as in Example 1 after 420 hours of con-
tinuous reaction of trichloroethene with hydrogen fluor-
ide at alternating test conditions in a subsequent test
(300°C, 10 bar, 120 g/h of trichloroethene, 32 g/h of
hydrogen fluoride):

Conversion: 91.6 %
Selectivity: 93.1 %

To regenerate the catalyst, 400 1 of air per hour were
passed over the catalyst at 300°C (duration: 20 hours).

Trichloroethene and hydrogen fluoride were then reacted

under the same conditions as in the test by passing them
over the catalyst.

After 24 hours, the following result was found by gas
chromatography:

Conversion: 99.8 %
Selectivity: 97.7 %

Example 5

The catalyst prepared by the method of test report B was
used in the same experimental set-up as in Example 1.
56 g of trichloroethene per hour and 43 g of hydrogen

fluoride per hour were passed as a gas over the catalyst
at 300°C.

After 5 hours at atmospheric pressure, the conversion was
98.5 %, relative to the trichloroethene used. The selec-

tivity for trifluorochloroethane was 97.6 %, relative to
converted trichloroethene.
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The reaction product contained 96.1 % by weight of
CF,CH,C1.

Example 6

The catalyst prepared by the method of test report A was
5 used in the same experimental set-up as in Example 1.
105 g of trichloroethene per hour and 80 g of hydrogen
fluoride per hour were passed as a gas over the catalyst.

The reaction temperature was 400°C.

Within 20 hours, 1870 g of a product having a CF;CH,Cl
10 content of 50.6 % by weight were obtained.

Example 7

The catalyst prepared by the method of test report A was

used in the same experimental set-up as in Example 1.

130 g of trichloroethene per hour and 100 g of hydrogen
15 fluoride per hour were passed as a gas over the catalyst.

The reaction temperature was 250°C.

Within 20 hours, 2285 g of a product having a CF;CH,Cl
content of 88.3 % by weight were obtained.



CA 02021141 2000-07-11

25486-5
- 9 -
CLAIMS:
1. A process for the preparation of 1,1,1-trifluoro-2-

chloroethane from trichloroethene and hydrogen
fluoride in the gas phase, which comprises using a
catalyst containing chromium and magnesium, which
catalyst is obtained by precipitating chromium(III)
hydroxide by reacting 1 mole of a water-soluble
chromium(III) salt with at least 1.5 mol of
magnesium hydroxide or magnesium oxide in the
presence of water, converting the reaction mixture
into a paste containing chromium hydroxide and a
magnesium salt and then drying the paste and
treating it at temperatures of 20 to 500°C with
hydrogen fluoride.

2. The process as claimed in claim 1, wherein the
reaction of trichloroethene with hydrogen fluoride
is carried out in the temperature range of 150-
450°C.

3. The process as claimed in claim 1, wherein the
reaction of trichloroethene with hydrogen fluoride
is carried out in the temperature range of 250-
350°C.

4. The process as claimed in one of claims 1 to 3,
wherein the reaction of trichloroethene with hydro-
gen fluoride is carried out under a pressure of 1-
25 bar.

5. The process as claimed in one of claims 1 to 3,
wherein the reaction of trichloroethene with hydro-

gen fluoride is carried out under a pressure of 2-
17 bar.

6. The process as claimed in one of claims 1 to 3,
wherein the reaction of trichloroethene with
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hydrogen fluoride is carried out under a pressure of

4-~10 bar.

7. The process as claimed in oOne of claims 1 to 6,
wherein hydrogen fluoride and trichloroethene are

used in a molar ratio of 4:1 to 8:1.

8. The process as claimed 1in one of claims 1 to 7,
wherein the catalyst is conditioned before the

reaction at temperatures of 100-500°C with air and
is regenerated in the same manner upon losing

activity.

Fetherstonhaugh 8: Co.,
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