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This application is a continuation-in-part of
my copending application Ser. No. 677,407 (filed
June 17,1946), since abandoned. The latter was
filed as a continuation-in-part of the following
prior applications which thereafter were aban-
doned in its favor: Ser. Nos. 384,729 (filed March
22, 1941), 569,265 (filed December 21, 1944), and
626,434 (filed November 2,1945).

This invention relates to my discovery of a
basically new process of making fluorocarbons
and other fluorine-containing carbon compounds.
The process is simple in operation, does not in-
volve the use or formation of free fluorine at any
stage, and has great versatility in enabling the
direct production of many types of product com-
pounds using organic starting compounds which
are readily available and relatively inexpensive.
It is an electrochemical process and its utility
has been demonstrated by extensive pilot plant
operations employing a 2000-ampere cell, as well
as by many laboratory experiments.

This process was publicly disclosed in the oral
presentation on September 15, 1948, at the Port-
land, Oregon, session of the 114th meeting of the
American Chemical Society, of five papers au-
thored by me and my assistants. Abstracts of
these papers had been previously published in
the advance “Abstracts of Papers” volume issued
by the society (pp. 42-0 to 45-0). News items
relating thereto and briefly describing the process
have been published in the society’s magazine
Chemical and Engineering News, vol. 26, p. 2428
(Aug. 16, 1948) and pp. 2878-9 (Sept. 27, 1948).
These papers were subsequently published in the
Journal of the Electrochemical Society, vol. 95,
No. 2, pp. 47-67 (Feb. 1949).

Briefly stated, this new and useful electro-
chemical process involves electrolyzing a liquid
hydrogen fluoride (HF) solution containing a
fluorinatable organic starting compound, at an
electrolyzing potential which is insufficient to
generate free fluorine under the existing condi-
tions, but which is sufficient to cause the pro-
duction of fluorine-containing carbon compound
products at a useful rate. A wide variety of
organic compounds are soluble in anhydrous
liquid hydrogen fluoride and provide adequate
electrolytic conductivity. Use can also be made
of soluble organic and inorganic conductivity ad-
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dltives to permit of electrolyzing liquid hydrogen
fluoride solutions thereof admixed with rela-
tively insoluble organic starting compounds, such
as alkanes, which do not provide adequate con-
ductivity. Pure anhydrous liquid hydrogen fluo-
ride, per se, is non-conductive. The electrolyte
is free from water in more than a small pro-
portion but need not be anhydrous in a strict
sense.

Excellent results can be obtained with simple
single compartment electrolytic cell arrange-
ments. No diaphragm is needed between elec-
trodes. Fluorination can be completed in one
step to directly obtain fully fluorinated product
compounds which are relatively insoluble and
either evolve with the cell gases or settle to the
bottom of the cell from which they can be
drained, depending upon their boiling points.
The process is suitable for continuous as well as
batch operation. The cell can be operated at
atmospheric pressure. The cell and the cathodes
can be made of iron or steel, and the anodes of
nickel, and such cells have been satisfactorily
operated at 5to 8 volts, D. C., in producing a wide
variety of product compounds.

The reaction mechanism is not fully under-
stood but the electrolyzing process apparently
transforms the organic starting compounds at or
adjacent to the anode and may be regarded as an
anodic process. Hydrogen is evolved at the cath-
ode, being derived from the hydrogen fluoride;
and will also evolve in the cell by derivation from
other hydrogen-containing compounds which
may be present. Fluorine is not evolved, and the
reaction mechanism does not involve the forma-
tion of molecular (free elemental) fluorine as an
intermediate agent.

Product compounds are obtainable (both cyclic
and non-cyclic) which have the same number of
carbon atoms and same carbon skeletal structure
as do the starting compounds, but with partial
or total fluorine atom replacement of hydrogen
atoms and other atoms and radicals bonded to
the carbon skeleton of the molecule. Fluorine
addition occurs in the case of unsaturated and
aromatic types of starting compounds to produce
fully saturated product compounds. Ncn-cyclic
compounds (in addition to cyclic compounds)
having the same number of carbon atoms are ob-
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