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PROCESS FOR PREPARING PERFLUORINATED 
ORGANIC COMPOUNDS BY 

ELECTROCHEMICAL FLUORINATION 

BACKGROUND 

[0001] The invention relates to a process for preparing 
per?uorinated organic compounds by electrochemical ?uo 
rination using hydrogen ?uoride having a loW arsenic con 
tent. 

[0002] Electrochemical ?uorination is a knoWn electro 
chemical process for introducing ?uorine into organic com 
pounds by reaction of the organic compounds With hydrogen 
?uoride. In principle, all hydrogen atoms of the organic 
compounds can be replaced by ?uorine atoms during the 
course of the reaction, giving per?uorinated compounds. 
Partially ?uorinated compounds or their doWnstream prod 
ucts and also short-chain cracking products and polymeric 
compounds can be formed as by-products. Compared With 
?uorination using elemental ?uorine, electrochemical ?uo 
rination offers the advantage that functional groups of the 
starting compounds are retained unchanged. Depending on 
the length of the carbon chain of the starting materials, the 
yields of per?uorinated product are from 5 to 90% by 
Weight, With the yields decreasing With longer carbon 
chains. 

[0003] ArevieW of electrochemical ?uorination is given in 
E. HollitZer P. Sartori, Chem.-Ing.-Tech. 58 (1986), No. 1, 
pp. 31-38 and Houben Weyl, Vol. 10a, Organo Fluorine 
Compounds (1999), Chapter 7. Electrochemical Introduc 
tion of Fluorine, pp. 305-318. 

[0004] Since the space-time yields in electrochemical 
?uorination are loW, it is knoWn from the prior art that it can 
be advantageous to carry out electrochemical ?uorination 
continuously. 
[0005] When this process is carried out according to the 
above-mentioned prior art, the folloWing disadvantages are 
noticeable: 

[0006] On prolonged operation of an electrolysis cell, i.e. 
longer than three months, it is found that the electrode 
area-time yield of the cell at constant electrode voltage drops 
steadily. Here, the “electrode area-time yield” is the amount 
of per?uorinated target product produced per unit electrode 
area and per unit time. HoWever, increasing the electrode 
voltage to compensate for the decreasing electrode area-time 
yield leads to increased electrode corrosion. 

[0007] It is therefore an object of the invention to provide 
a process for preparing per?uorinated organic compounds 
Which can be operated continuously over a prolonged period 
of time and in Which the electrode area-time yield does not 
decrease With time. 

[0008] It has noW surprisingly been found that electro 
chemical ?uorination can be carried out With a high elec 
trode area-time yield and very loW electrode corrosion if a 
hydrogen ?uoride having a loW arsenic content is used 
instead of commercial hydrogen ?uoride, Which normally 
contains from 15 to 500 ppm of arsenic, as raW material for 
the electrochemical ?uorination. 

SUMMARY 

[0009] The invention relates to a process for continuously 
preparing per?uorinated organic compounds comprising 
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electrochemical ?uorinating of a parent non-?uorinated or 
partially ?uorinated organic compounds using hydrogen 
?uoride having an arsenic content of less than about 10 ppm 
is used. These and other features, aspects, and advantages of 
the present invention Will become better understood With 
reference to the folloWing description and appended claims. 

DESCRIPTION 

[0010] The present invention provides an improved pro 
cess for the continuous preparation of per?uorinated organic 
compounds by electrochemical ?uorination of the parent 
non-?uorinated or partially ?uorinated organic compounds, 
hereinafter referred to as starting materials, using hydrogen 
?uoride having an arsenic content of less than about 10 ppm. 

[0011] According to the invention, hydrogen ?uoride hav 
ing an arsenic content of preferably at most about 1 ppm of 
arsenic, particularly preferably at most about 0.3 ppm of 
arsenic, is used. This can be prepared by using particularly 
loW-arsenic ?uorspar in the preparation of hydrogen ?uoride 
or by fractional distillation of commercial hydrogen ?uoride 
to give a fraction rich in arsenic and a fraction loW in arsenic. 
This hydrogen ?uoride is preferably prepared by oXidiZing 
the arsenic compounds present in commercial hydrogen 
?uoride and isolating a particularly loW-arsenic hydrogen 
?uoride at the top in a distillation. As oXidiZing agents, it is 
possible to use ?uorine or hydrogen peroXide as described in 
US. Pat. No. 4,668,497 (cf. WO 88/06139). 

[0012] For the purposes of the present invention, per?u 
orinated organic compounds are preferably per?uoroalkyl 
sulfonyl ?uorides of the general formula CnF2n+1SO2F 
(n21), e.g., per?uorobutylsulfonyl ?uoride, per?uoroal 
kanes of the general formula (CDF2n+2 (Where n is 1 to 10) 
or per?uoroalkylamines of the general formula (CnF2n+1)3N 
(Where n is 1 to 10). 

[0013] The process of the invention is preferably 
employed for preparing per?uorobutylsulfonyl ?uoride 
using sulfolane, sulfolene, butylsulfonyl ?uoride, butylsul 
fonyl chloride or miXtures thereof as starting material. 

[0014] The electrolysis is carried out in hydrogen ?uoride, 
to Which electrolyte salts such as sodium ?uoride or sodium 
tetra?uoroborate (cf. US. Pat. No. 5,326,437) can be added. 
The electrode material used for the anodes is usually nickel, 
for the cathodes nickel or iron. 

[0015] The process of the invention can be carried out in 
cells having a capacity of up to 4 m3. The electrolyte can be 
circulated by pumping and cooled in order to minimiZe the 
hydrogen ?uoride loss caused by evaporation. When the 
process of the invention is carried out industrially, the 
material to be ?uorinated (starting material) is added con 
tinuously to the cell. The hydrogen ?uoride that has been 
consumed can be added continuously or discontinuously 
during the course of the ?uorination. The per?uorinated 
product can, if it has a boiling point of greater than about 20° 
C. and is insoluble in the electrolyte, be removed discon 
tinuously or continuously from the cell. Extraction of the 
per?uorinated product from the electrolyte is appropriate 
When the per?uorinated product has a boiling point loWer 
than about 20° C. or is readily soluble in the electrolyte. The 
amount of starting material added is calculated according to 
the equivalent of charge according to the stoichiometry of 
the reaction. 
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[0016] The starting material can be added either steadily 
or for periods at a time. During these periods of addition, the 
starting material can be metered in continuously or in 
portions and stoichiometrically according to the reaction 
equation. The lengths of the periods of addition can be 
varied by altering the amount added during the period. 

[0017] The electrolysis is generally carried out at current 
densities of from about 5 to about 40 mA/cm2, preferably 
from about 8 to about 20 mA/cm2. The voltage is generally 
from about 5 to about 10 volts, preferably from 5 to 7 volts. 
The temperature should be from 0 to 20° C., preferably from 
about 10 to about 15° C. 

[0018] The pressure under Which the reaction is carried 
out is usually at ambient pressure of about 1 bar. 

[0019] In principle, any electrochemical ?uorination cell 
knoWn from the prior art is suitable for the process of the 
invention. Examples of suitable electrochemical ?uorination 
cells may be found, for example, in Us. Pat. No. 2,519,983. 
An industrial electrolysis cell suitable for the process of the 
invention preferably has a volume of from about 2 to about 
4 m3. 

[0020] As a result of the use of the loW-arsenic hydrogen 
?uoride, the product yield and the electrode area-time yield 
of the electrolysis cells can be kept at a high level for long 
periods of time and electrode corrosion can be kept loW. This 
considerably reduces, in particular, costly cleaning and 
repair measures in comparison With the processes knoWn 
from the prior art. 

[0021] The invention is further described in the folloWing 
illustrative examples in Which all parts and percentages are 
by Weight unless otherWise indicated. 

EXAMPLES 

Comparative Example 

[0022] For the electrochemical preparation of per?uo 
robutylsulfonyl ?uoride, a mixture of 95% by Weight of 
sulfolane and 5% by Weight of sulfolene together With 
commercial hydrogen ?uoride having an arsenic content of 
37 ppm Was fed into the electrolyte. The electrolysis voltage 
Was 7 V, and the temperature of the electrolyte Was 10° C. 
The per?uorinated compounds Were separated from the 
electrolyte as a second phase. After a charge of 29.2 Ah per 
cm2 of anode surface area, a Weight loss of the nickel anode 
of 7.9% by Weight Was found. The electrode area-time yield 
dropped from 1.7 mg of per?uorobutylsulfonyl ?uoride per 
cm2 of anode surface area and per hour at the commence 
ment of the electrolysis to 0.86 mg of per?uorobutylsulfonyl 
?uoride per cm2 of anode surface area and per hour after 
about 5,000 hours of operation. 

Example 1 

[0023] The electrolysis cell used in the comparative 
example Was provided With neW nickel electrodes and 
operated as in the comparative example. In place of the 
commercial hydrogen ?uoride, use Was made of a hydrogen 
?uoride Whose arsenic content over the time of the experi 
ment Was in the range from 4 to 8 ppm. After a charge of 
27.2 Ah per cm2 of anode surface area, the cell Was sWitched 
off and the electrodes Were assessed. A Weight loss of the 
nickel anode of 1.3% by Weight Was found. The electrode 
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area-time yield dropped from 1.7 mg of per?uorobutylsul 
fonyl ?uoride per cm2 of anode surface area and per hour at 
the beginning to 1.05 mg of per?uorobutylsulfonyl ?uoride 
per cm2 of anode surface area and per hour after 4,100 hours 
of operation. 

Example 2 

[0024] The electrolysis cell used in the comparative 
example Was provided With neW nickel electrodes and 
operated as in the comparative example. In place of the 
commercial hydrogen ?uoride containing 37 ppm of arsenic, 
use Was made of loW-arsenic hydrogen ?uoride Whose 
arsenic content Was less than 0.2 ppm. After a charge of 24.3 
Ah per cm2 of anode surface area, the cell Was sWitched off 
and the electrodes Were assessed. No Weight loss of the 
nickel anode Was found. The yield of per?uorobutylsulfonyl 
?uoride based on feed mixture used Was 34%, and the 
electrode area-time yield remained at 1.7 mg of per?uo 
robutylsulfonyl ?uoride per cm2 of anode surface area and 
per hour to the end of the experiment after 4,300 hours of 
operation. 

[0025] Although the present invention has been described 
in detail With reference to certain preferred versions thereof, 
other variations are possible. Therefore, the spirit and scope 
of the appended claims should not be limited to the descrip 
tion of the versions contained therein. 

What is claimed is: 

1. A process for continuously preparing per?uorinated 
organic compounds comprising electrochemical ?uorinating 
of a non-?uorinated or partially ?uorinated organic com 
pounds using hydrogen ?uoride having an arsenic content of 
less than 10 ppm. 

2. The process according to claim 1, Wherein the hydrogen 
?uoride having an arsenic content of less than 1 ppm is used. 

3. The process according to claim 1, Wherein the per?u 
orinated organic compounds prepared are per?uoroalkylsul 
fonyl ?uorides of the general formula CnF2n+1SO2F, in 
Which nil, per?uoroalkanes of the general formula CDFZD+ 
2, in Which n is 1 to 10, or per?uoroalkylamines of the 
general formula (CnF2n+1)3N, in Which n is 1 to 10. 

4. The process according to claim 1, Wherein the non 
?uorinated or partially ?uorinated organic compounds are 
sulfolane, sulfolene, butylsulfonyl ?uoride, butylsulfonyl 
chloride or mixtures thereof. 

5. The process according to claim 1, Wherein electrolyte 
salts are added to the hydrogen ?uoride. 

6. The process according to claim 1, Wherein the elec 
trolysis is carried out at current densities of from about 5 to 
about 40 mA/cm2 and a voltage of from about 5 to about 10 
volt. 

7. The process according to claim 1, Wherein the reaction 
is carried out at a temperature of from about 0 to about 20° 
C. 

8. The process according to claim 1, Wherein the reaction 
is carried out at a pressure of from about 0.8 to about 1.2 bar. 


