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ELECTROCHEMICAL PROCESS OF MAKING
FLUORINE-CONTAINING CARBON COM-

POUNDS

Joseph H. Simons, State College, Pa., assignor to
Minnesota Mining & Manufacturing Company,
8t. Paul, Minn,, a corporation of Delaware

Application November 29, 1948, Serial No. 62,496
20 Claims, (Cl. 204—62)

This application is & continuation-in-part of

my copending application Ser. No. 677,407 (flled
June 17, 1846), 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), 560,265 (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, dees not in-
volve the use or formation of free fiuorine 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). o

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 sufficlent 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 slso be made
‘of soluble organic and inorganic conductivity ad~
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ditives 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 siriet
sense, )

Excellent results can be obtained with simple
single compartment electrolytic cell arrange-
ments. No diaphragm is needed hetween 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 suiteble for continuous as well as -

batech 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 5 to 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 eyclic

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 Aluorine 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 cyeclic compounds)
having the same number of carbon atoms are ob-
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: 3
tainable from cyclic starting compounds as the
result of bond cleavage and fluorine addition.
Algo, the use of polycarbon cyclic and non-cyclic
:hruu com, generally results in appre-
ciable yields of product compounds having fewer
" carbon atoms In the molecule, due to fragmenta-

tion of the c¢arbon skeleton and fluorine addition.’

having a greater number of carbon

‘Compounds
* atoms than the starting compounds are obtain-
able s the result of coupling of carbon radicals
formed in the solution. The kinds and relative

proportions of prodict compounds obtainable in

_any given case will depend upon the starting
compound and. the operating conditions. - By
proper selection it is possible to obtain excellent

other and from low-yield by—product compounds.
In commercial operntions, use can be made of the
production of multiple products in building up

a

fewer or more carbon atomsg than the parent
hydrocarbon groups can also be obtained from
such compounds. A feature of the present proc-
ess i3 that it provides a simple and economical
procedure for making normally liquid fluorocar-
bons, having five or more carbon atoms in the
molecule, -

The formation of fluorocarbons is accompanied

by the formation of fluorocarbon hydrides and

partially fluorinated hydrocarbons, due to incom-
plete hydrogen replacement in the case of some
molecules. The proportions depend upon the

~ conditions. . The fluorocarbon monchydrides and
. dihydrides are of particular value because they

18
ylelds of desired products, which can be readily
separated by fractional distillation from each

have s high degree of thermal stability and

-chemical inertness and are non-combustible, and
.~ yet the hydrogen atoms offer points of attack for
~-the synthesis of fluorocarbon derivatives. Thus

' these fluorocarbon hydrides can be thermally

stocks of many useful compounds from a much.

- more limited number of starting compounds,

_ In some cases resinous material is formed in
the cell but is generally soluble in the electrolyte
solution and does not:interfere with the opera-

- tion. Resinous products containing combined:
" fiworine in proportions up to 60%. have been ob-

tained. In many cases no solid residual mate-

" -risls are found even miter extended use of the

-cell. In general; there!sntﬂeornocorrodonot
the electrodes.

. 'To hbriefly indicate at this point the verutﬂlw
of the process in enabling the production of
fluorocarbon derivatives, mention is made (for
_llustration and not limitation) of the following

types designated by generic formulae wherein R -

:chlorinated and brominated to yleld the corre-

sponding fluorocarbon chlorides and bromides, as

- disclosed In & paper published in the Journal of
/American

“989 - (June 1948) of which I was a eo--uthor

Chemical Boclety, vol. 68, pp. 968
“Baturated fluorocarbons and fluorocarbon de-

“rivatives are obtainable in good ylelds ranging

.--from the simplest compound, CFs, which is & low-
.. bolling gas, up to high-bolling compounds hav-

ing eight or more carbon atoms in the molecule
and having boiling points above 100° C
The fluorocarbon and related compounds ob-

- tainable by this process have utility for many

purposes. The saturated fluorocarbons, fiuoro-~

. carbon hydrides, fluorocarbon ethers, and tri-

35

" represents saturated fluorocarbon radicals (cyclic .

or non-cyclic) consisting solely of carbon -and
- fluorine atoms: R’OR’* (obtainable from ethers),
R’R”R’'N (obtainable from. tertiary amines),
R’R’’NF (obtainable from secondary nmtnes),
RNF; (obtainable from primary amines), RCOF
(obtainable from monocarboxylic acids),

R'COOR’’

(obtainable from esters), RCN (obtainable from
nitriles) and RSP (obtainable from mercaptans).
Pluorocarbon compounds which contain com-
bined chiorine can be obtained from chlorine-
containing starting compounds (e. g., chloro-
acetic acid). Heterocyclic compounds contain-
fng one or more oxygen or nitrogen atoms in the
ring can be obtained by replacement of the
hydrogen atoms by fluorine atoms in starting
compounds of corresponding structure. .

True fluorocarbons (carbon fluorides contain-
ing only carbon and fluorine atoms) can be
directly obtained ‘from hydrocarbon starting
compounds, and also by electrolyzing solutions
of wvarious hydrocarbon derivatives, to obtain
. substantial yields of fluorocarbons having the
same number of carbon atoms as the starting
‘eompounds, For example, alkanes, alcohols and
monocarboxylic acids can be employed to yleld

fluorocarbons having the same number of carbon

atoms. In addition, fluorocarbons having fewer
‘and more carbon atoms are produced. ' Fluoro-
carbons having fewer carbon atoms than the
‘starting compound can also be produced from
. hetero compounds wherein carbon atoms are
linked by non-carbon atoms, as in the case of
:#thers. and secondary ‘and tertiary amines; the
-hy groups being released to form cor-

fluorocarbon amines, for example, have a high
degree of thermal stabllity and chemical inert-

-ness, they do not burn, and they have uniguely

. low refractive indices and dielectric constants

50
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ag compared with ordinary organic compounds.

" The liquid compounds (containing flve or more

carbon atoms) have exceptionally low surface
tensions and viscosities, coupled with high densi-
ties. These and other compounds can be used
for such purposes (depending upon boiling
points) as refrigerants, fire extiriguishers, inert
solvents and diluents, heat exchange fluids, tur-
bine impellents, dielectrics, hydraulic mechanism
flulds, and lubricants. The products of this proc-
ess can 8150 be used as intermediates in the syn-
thesis of other chemical compounds. In particu-
lar, the fluorocarbon acid fluorides (RCOF) pro-
vide the reactive starting compounds for making
a vast number of derivative compounds contain-
ing & fluorocarbon radical and having unique
properties on that account.

All organic compounds potentially capable of
reacting with fluorine can be employed to pro-
duce fluorine-containing carbon compound prod-
ucts by the present process. Fluorine is the most
chemically active substance. No organic mate-
rial is completely resistant to fluorine except car-
bon tetrafluoride (CPs). Even the polycarbon
saturated fluorocarbons can react by carbon-
carbon bond cleavage and fluorine addition, the
stable end product being CFq.

As a practical matter in respect to the com-
mercial utilization of the process, the hydrogen-
containing organic compounds which contain at
least one hydrogen atom bonded to a carbon atom
In the molecule are of main interest. These can
all be used for making fluorocarbons; and other
fluorine-containing carbon compounds which
contain at least one fluorine atom bonded to a
carbon atom in the molecule. The sub-classes

nuoromrbom -Fluorocarbons hn.vlnc 75 ©of these organic mrtmg compounds of particu-
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Jar value for making fluorocarbons, and fluoro-
carbon derivatives of chief commercial interest,
are the hydrocarbons (which contain only car-
bon and hydrogen), and the compounds which
are oxygen-containing or nitrogen-containing in
addition to being hydrogen-containing. Exem-
plary of the latter are the cyclic and non-cyclic
organic acids, alcohols, ethers, esters, ketones,
aldehydes, nitriles, amines, amides, etc. These
oxygen-containing and nitrogen-containing or-
ganic starting compounds are soluble in anhy-
drous liquid hydrogen fluoride and provide ade-
quate conductivity, no conductivity additive being
needed. The hydrocarbons (which are relatively
insoluble) can be employed when use is made of
a conductivity additive, as explained in some
detail later on. These sub-classes embrace the
readily available and relatively inexpensive al-
kanes, aleohols, ethers, carboxylic acids (includ-
ing the anhydride forms), and amines, both
eyclic and non-cyelic, which can all be eﬂlciently
employed in the preparation of fluorocarbons and
of other fluorine-containing carbon compounds.

Conjoint use can be made of two or more
organic starting compounds and in some cases
this will result in improving the operating efii-
ciency. For example, the efficiency of the elec-
trolysis of & solution of hexyl ether can be im-
proved by including propionic acid as a second
organic starting compound.

The proportion of the organic stnrting mate-
rial relative to the hydrogen fluoride can vary
over a wide range and it can be either a minor
component or a major component of the solution.

As previously mentioned, this process does not
involve the use or generation of free (molec-
ular) fluorine at any stage. It is fundamentally
different from processes wherein free fluorine is
reacted with organic compounds which are dis-
solved in or mixed with liquid hydrogen fluoride,
as by introducing gaseous fluoride into the re-
action zone., For any given cell arrangement
and charging stock there is & minimum cell volt-

age at and above which molecular fluorine (free-

elementary fluorine) is formed from the hydrogen
fluoride, but the resultant effects are quite dif-
ferent from those obtained in the present process
and can be easily recognized. When the cell volt-
age is raised to this critieal value or higher, the
onset of free fluorine formation manifests itself
unmistakably by a marked change In product
formation due to the rapid and powerful de-
composition and fragmentation effects on the
organic compounds in the cell; extensive cor-
rosion of the electrodes occurs; some gaseous
fluorine escapes and can be detected in the exit
gas mixture even when present in trace amounts;
sand minor and even major explosions occur.
Satisfactory ylelds of fluorinated compounds
having a substantial number of carbon atoms in
the molecule cannot be obtained.

The present process Is based upon my dis-
covery that liquid hydrogen fluoride solutions
containing organic compounds can be efficiently
electrolyzed to produce fluorocarbons and other
fluorine-containing carbon compounds, by using
a cell voltage which in any given case is below
the minimum voltage required for free fluorine
generation, For example, when using nickel-
anode types of cells for which operating volt-
ages in the range of 5 to 8 are quite satisfactory,
it has been found that the voltage must be in-
creased to at least 10 to 12 before evidence of
free fluorine generation occurs.

The minimum theoretical cell voltage required
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for the generation of free fluorine (¥1) I8 ap-

proximately 3 volts. The reason why total cell
voltages higher than this can be used In actual
practice of the process without causing free fluo-
rine formation is because a substantial part of
the total cell voltage (measured across external
anode and cathode connections) 1is utilized under
the existing conditions in overcoming the resist-
ances of the electrodes, the resistance of the elec-
trolyte between the electrodes, and the blocking
resistances of electrode polarization films.

In an experiment using a carbon-anode cell it
was found that electrolysis of a hydrogen fluoride
solution of acetic acid resulted in the formation
of flueromethane (CHsF) at a cell voltage as low
as about 0.5 volt. In another experiment using a
nickel-anode cell, & hydrogen fluoride solution of
acetonitrile (CHhCN) was electrolyzed for five
days at a cell voltage of 1.7 volts and the prod-
ucts included CF+CN, CF:H, CFs, C3FsH and CaFs.
These cell voltage values were very substantially
Jower than the minimum cell voltage (approxi-
mately 3 volts) required for generation of molec-
ular fluorine even under ideal conditions. Hence
these experiments conclusively demonstrate the
utility of electrolyzing potentials which are in-
sufficient to generate free fluorine and yet are
sufficient to cause the production of fluorine-
containing carbon compounds.

-In a review paper written by me and published
in 1931 (Chemical Reviews, vol. 8), long prior to
the discovery of the present process, I referred
to and summarized previously published experi-
mental data of Fredenhagen and Cadenbach on
the solubilities' and equivalent conductivities ¢f
various inorganic and organic compounds dis-
solved in anhydrous liquid hydrogen fluoride (p.
223, et seq.). The well-known laboratory pro-
cedure for measuring conductivities of solutions
employs & small cell provided with platinum
electrodes and utilizes a rapidly reversing cur-
rent (A. C.) of 1,000 cycles or more per second
to substantially eliminate electrode polarization
effects and. to cause momentarily formed elec-
trode products to revert with each alternation
of electrode polarity rather than to escape from
the electrodes as free products. In such experi-
ments the current is passed, for each measure-
ment of voltage versus current flow, during a
very short time interval (a few minutes at most
and often a few seconds or less), for otherwise
accurate values for & desired temperature cannot
be obtained due to heating of the electrolyte and
for other reasons.

PFredenhagen and Cadenbach stated in their
paper (Z. physikal. Chem., Abt. A., vol. 146, pp.

245-80) that they employed a conductivity cell
vessel made of s gold-platinum alloy, which -

served as one electrode, and the other electrode
was a platinum capillary tube extending through
the stopper down into the vessel. The cell was
a smsall one and contained 20.7 cc. of solution
(approximately 1.3 cubic inches) when making a
measurement. That they employed alternating
current is made clear by the absence of any de-
seription of an unconventional procedure and
by their use of a telephone receiver in balanc-
ing the bridge. Nothing was said to suggest that
the total time of current flow for any given solu-
tion amounted to more than a few minutes at
most, even when several measurements were
made at intervals. Each solution had served its
purpose and was discarded when the measure-
ment work had been completed. There was no

suggestion that detectable irace amounts of free
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7
molecular hydrogen or other elsctrolysis prod-
ucts were produced. That none were formed is
to be expected since precision conductivity meas-
urement procedures are deliberately designed to
avold the irreversible production of free elec-
trolysis products, as indicated above, which would
consume energy and thus render the voltage-cur-
rent relation inaccurate as a measure of the elec-

trolyte resistance, as well as altering the com-

position of the solution being tested. 'These
suthors speculated as to the manner -of ionic
dissociation of the organic compounds when dis-
solved in the anhydrous liquid hydrogen fluoride,
and on the possible formation of reaction prod-
ucts resulting therefrom, In commenting upon
the various conductivity values, since the mag-
nitudes of the latter would depend upon what it
was whose conductivity was actually being meas~
ured. This had reference only to substances
formed as the result of dissolving the original
organic compounds in the anhydrous liquid hy-
drogen fluoride and not to the formation of free
electrolysis products.

A mere scientific conductivity determination is
not & useful process for making electrolysis prod-
< ucts from a solution of a starting compound

8

not only fluorocarbons and fluorocarbon
but also fluorine-containing carbon
which contain oxygen or nitrogen atoms in the
molecule, o

Commercial anhydrous liquid hydrogen fino-
ride normally contains a trace of dissolved water,
and traces of water are readily absorbed when

.-there is contact with s moist atmosphere. Such

water can be readily removed or reduced to a very
low value by passing current through the liquid
hydrogen fluoride prior to adding the starting
compound, the water being consumed by the
formation of hydrogen, oxygen fluoride (OFy)
and oxygen which evolve as gases. ' In actual
practice, the first few hours of electrolysis of the
hydrogen fluoride solution containing the solu-
ble organic starting compound will generally
cause the proportion of water to diminish to 0.1%
or less and it is not necessary to subject com-
mercial anhydrous hydrogen fluoride to & prelim-
inary water-removal treatment. The

" “enhydrous liquid hydrogen fluoride” as used

whose conduectivity is being measured, and the -

objectives are antithetical, It will be understood
that no attempt i1s being made herein to claim
mere conductivity measurements.

‘When lahoratory size cells are used in perform-
ing batch experiments on the present proceas, the
runs continue for periods of hours (generally for
& day or more). Likewise the commercial oper-
ation of the process using large cells requires
electrolyzing the cell charge for a period of many
hours in order to obtain a commercially desirable

yield ratio of product compounds from the start-

ing material, and a cell will normally be continu-
ously operated for days before being shut down,
the hydrogen fiuoride and starting material being
replenished during operation.
Alternating currents can be usefully employed
-in_practicing the present process when polariz-
able electrodes (e. g., nickel electrodes) and a rel-
atively low frequency (e. g., 60 cycles) are used.
In this case each electrode alternately functions
as an anode and as a cathode, but the operating
conditions permit the release of free electrolysis
products at the electrodes. The use of direct
currents is greatly preferred. The efficlency of
alterniating currents is much inferior and greater
heating of the electrolyte is produced. In the
case of normal direet current operation each
cathode and anode electrode continuously func-
tions as such at a uniform voltage (which may be
varied during the run for optimal operation) , and
the cathodes and anodes can be made of different
materials adapted to produce the most efficient
results. Pulsating -unidirectional currents, un-
filtered rectified A. C., and superimporsed A. C.
on D. C., can also be used and are to be regarded
as types of direct currents.
As previously mentioned, pure anhydrous liquid

hydrogen fluoride is non-conductive but a wide -

variety of organic starting compounds are solu-
ble therein and provide adequate electrolytic
conductivity to permit the passage of effective
electrolyzing currents. The starting compounds
of chief commercial interest in this respect are
the oxygen-containing and nitrogen-contatning
organic compounds which have at least one
hydrogen atom attached to a earbon atom in the
molecule, of which various examples have already
been givea, and from these ther= can he ohtained
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herein is employed, except when otherwise stated,
to include liquid hydrogen fluoride which con-
tains traces of water not exceeding 1% by weight,
Liquid hydrogen fluoride contalning 1% water
has & low conductivity, being about 0.06 mho
(reciprocal ohm) per centimeter cube at 0° C. .
The conductivity when there is a 0.1% water con-
tent is about 0.006 mho.

When the proportion of dissolved water in the
liquid hydrogen fluoride is increased substan-
tially above 1% there is a3 material decrease in
the operating efficiency of the process in various
respects. While a small proportion of water can
be used to- advantage as a means of
the conductivity, a point shortly to be
in connection with the use of conductivity addi-
tives, the presence of water in proportions ex-
ceeding 10% by weight of the total of water and
hydrogen fluoride results in such marked inefi-
ciency that it should be avoided for
operation of the process and the obtaining of
desirable yields of fluorocarbon compounds.
Water in amount substantially exceeding 10%
also gives rise to serious explosion harzards due
to the evolution of readily explosive gas mixtures
containing substantial proportions of oxygen flu-
oride and oxygzen mixed with hydrogen. Some
organic starting compounds may contain dis-
solved water in the commercial forms employed
(a8 in the case of ethyl alcohol) , and in such cases
the starting compounds should be employed in
proportions which will not resuit in there being
more than 10% by weight of water relative to the
total weight of water, and hydrogen fiuoride. It
will be understood that the generic term “liquid
hydrogen fluoride,” when not restricted by the
“anhydrous” adjective, includes not only anhy-
drous liquid hydrogen fluoride but also solutions
thereof which contain small proportions of water
in excess of 1% a8 above indicated.

Some organic compounds, such as acetic acid,
react with liquid hydrogen fluoride to form an
equilibrium mixture containing water and the
anhydride of the starting compound, such as
acetic anhydride. In such cases the
total amount of water capable of being formed
from the starting compound may exceed the
10% value previously mentioned without causing
an uneconomically low operating efficiency, sinee
it is not the mere equivalent of free water added
all at once to the liquid fluoride, .

Liguid hydrogen fluoride contalning a small
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proportion of dissolved water, as described above,
is =lso entirely different in other respects from
the aqueous solutions of hydrogen fluoride which
are sold in bottles and are commonly referred to
as hydrofluoric acid. These contain less than
50% by weight of hydrogen fiuoride as normally
sold. Such solutions cannot be kept in glass or
metal contalners and if introduced into elec-
trolysis cells such as are used in the present proc-
ess (for example, a steel cell having nickel
anodes and iron cathodes) would cause rapid
corrosion of the metals contacted even in the
absence of current flow. Whereas the boiling
points of hydrofiuoric acid solutions containing
50% by weight of hydrogen fluoride or less are
in the range of 100° to 114° C,, the boiling point

of pure anhydrous liquid hydrogen fluoride is ,

19.5° C. and the presence of 10% by weight of
water results in a boiling point of about 32° C,
The specific gravity of aqueous solutions in-
creases with increase of hydrogen fluoride from

1.0 to a maximum value of about 1,26 at about .

75% hydrogen fluoride and then rapidly de-
creases to a value of 1.0 for anhydrous liquid hy-
drogen fluoride (measured at 0° C.). The con-
ductivity decreases as the hydrogen fluoride per-
centage increases above 75%, and rapidly so as
the percentage increases gbove 90%. These data
are of interest as showing that liquid hydrogen
fluoride, both when anhydrous and when con-
taining a small proportion of dissolved water, as
employed in the present process, differs radically
in physical as well as chemical properties from
hydrofiuoric acid solutions which contain a large
proportion of water and which cannot be em-
ployed in the present process.

The present process is not limited to the use of
organic starting compounds which are soluble in
anhydrous liquid hydrogen fluoride and provide
adequate electrolytic conductivity to permit of
effective electrolysis. I have made the surpris-
ing discovery that the necessary electrolytic con-
ductivity can be provided by a third component

>lute which can be either organic or inorganie,
so that organic starting compounds which are in-
soluble in the liquid hydrogen fluoride can be ef-
fectively employed in admixture with liquid hy-
drogen fluoride solutions containing a dissolved
conductivity additive. This feature of the ge-
neric process greatly extends its versatility and
usefulness. Thus it makes possible the use of
very cheap organic compounds, such as the hy-
drocarbons, as starting materials for producing
fiuorocarbons and fluorocarbon hydrides.

Examples of hydrocarbon starting compounds
which can be effectively utilized when a conduc-
tivity additive is employed, are the alkanes (both
cyclic and non-cyclic). The aromatic com-
pounds, such as benzene and toluene, can also
be employed. Moreover, this procedure permits
of good yields of fluorocarbon compounds having
the same number of carbon atoms as the starting
compound. Thus hexane can be used for mak-
ing CeFu (tetradecafluorohexane), a normally
liquid fluorocarbon. As in the procedures uti-
lizing soluble organic starting compounds, the

electrolyzing potential employed is insufficient to .

generate free fluorine. In contrast, if it were
attempted to fluorinate hexane (as an admixture
dispersed in liquid hydrogen fluoride) with.free
fluorine, the reaction would be a violent one and
fragmentation would be so severe that there
would be no substantial yield of polycarbon fiu-
orocarbons gnd little if any CsF'i4 could be ob-
tained. This illustrates again that the present
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process is not an equivalent of direct fiuorination
processes but is an entirely different kind of proe-
ess which does not involve the use or evolution
of free (molecular) fiuorine and which produces

§ bproduct compounds that cannot be obtained in

significant proportions by direct fluorination
with free fluorine,
The exact mechanism of the electrolyzing proc-

ess remains g mystery. The gases and heat -
10 evolved in the cell vigorously agitate the cell con-

tents so that a mixture of the insoluble organic
starting compound and the liquid hydrogen flu-
oride electrolyte solution is present at the anode,
and it is a fact that the existing conditions cause

15 the formation of fluorine-containing carbon com-

pounds, including fluorocarbons, at the anode.
The conductivity additives fall into two general
groups, organic and inorganie,
The organic conductivity additives are com-

20 pounds which can themselves be employed as

starting compounds, and numerous examples
have already been indicated. The most impor-
tant are the oxygen-containing and nitrogen-
containing organic compounds which contain at

25 least one hydrogen atom attached to a carbon

atom of the molecule, INlustrative examples are:
acetic anhydride, acetic acid, propionic acid, ca-
proic geid, methyl alcohol, diethyl ether, tri-
ethyl amine, pyridine, and 2-fluoropyridine,

30 which have all been employed in experiments

wherein hydrocarbon starting compounds were
converted into fluorocarbons and fluorocasrbon
hydrides. The proportion of the conductivity ad-
ditive to the hydrogen fluoride can be relatively

% small, e. g, ¥% t0 5%, but much higher propor-

tions can be used. These additives are them-
selves converted during operation of the process,
and hence the fluorine-containing carbon com-
pound reaction products are derived in part from
the soluble conductivity additive and in part from

the insoluble organic starting compound. Thus, -

in effect, there are two types of organic starting
.compounds utilized in this procedure, one being
soluble and serving also as a conductivity addi-

45 tive and the other being insoluble. For example,

when hexane is employed in admixture with
liguid hydrogen  fluoride which contains dis-
solved pyridine, both the hexane and the pyridine
are converted to produce fluorine-containing
carbon product compounds, including fluorocar-
bons. Another example of an organic conduc-
tivity additive Is mercuric cyanide, which also 11~
lustrates organic starting compounds that do not
contain hydrogen.

The inorganic conductivity additives are inor-
ganic compounds which are soluble in liquid hy-
drogen fluoride and provide effective electroiytic
conductivity. The soluble fluorides, such as so-

60 dium fluoride and potassium fluoride, can be used

and have the advantage of not decomposing and
not being consumed, Ammonia can be used but is
gradually consumed, yielding nitrogen trifluoride
(NFs) which is a low-boiling relatively insoluble

65 gas and is evolved. Water can be used in limited

amount. The proportion of water in the liquid

hydrogen fluoride solution should not exceed a

small proportion because otherwise there will be
poor efiiciency and a poor yield of desired com-

70 pounds, Effective résults can be obtained using

as little as 1 to 2% of added water. The water is
gradually consumed, yielding oxygen fiuoride
(OF2), carbon dioxide (COz), oxyeen and hydio-
gen, and must be replenished during extended

75 runs, Some organic conductivity additives also
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provide water so that thelr use actually involves
both organic and inorganic additives. Thus ace-
tic acid is dehydrated by hydrogen fluoride to
produce acetic anhydride and water, and alco-
hols may contain a small amount of dissolved
water. Further illustrative examples are sulfuric
acid and phosphoric acid. The {llustrative inor-
ganic additives named above have all been em-
ployed in experiments wherein hydrocarbon

starting compounds were converted into fluoro- 10

carbons and fluorocarbon hydrides, including sig-
nificant yields of fully fluorinated product com-
pounds having the same number of carbon atoms
as the starting compound. Thus CsFis has been

made from octane, and C1Fi+ and CiFu¢ from tolu- 16

ene, for exampie, .
Varfous combinations of two or more conduc-

tivity additives can be employed. Thus an or-

ganic additive and an inorganic additive can be

Jointly employed. 20

In some cases the soluble conductivity additive
(depending upon the kind and amount used) will
function as a mutual solvent so as to cause an
otherwise insoluble organic starting material to

be appreciably soluble in the electrolyte solution. 25

This action does not appear to be necessary to
the operation of the process, since useful results
are obtained notwithstanding the insolubility of
the starting compound.

The principle of using & conductivity additive 30

can also be employed to increase the efficiency
even when the organie starting compound is suffi-
ciently soluble so that it could be used without
such expedient. This is helpful in the ease of

starting compounds of limited solubility in anhy- 35

drous liquid hydrogen fluoride and which do not
provide an efficient conduetivity,

Another expedient is to change the operating
temperature or pressure or both to cause a more

favorable solubility relation. Thus a starting 40

compound whiech is poorly soluble or relatively
insoluble in liquid hydrogen fluoride at 0° C. may
be made much more soluble therein by substan-
tially increasing the temperature, while the solu-
bility of normally gaseous compounds can be in-
creased by using lower temperatures.

The accompanying drawing Is a diagrammatic
sectional elevation of an {llustrative apparatus for
carrying out the process and also serves as a flow-

sheet. The drawing has been simplified in the L

Interest of clarity by omitting heat-insulating
jackets and coverings, couplings, etc., and by em-
ploying conventionsalized representations as com-
monly used in schematie chemical drawings. The

apparatus as shown is suitable for laboratory ex- 85

periments and can also in larger form be em-
ployed for pilot plant or small-scale commercial
use, A large commercial plant would necessarily
be designed on more complex lines, as chemical

engineers will understand, but would embody the 80

basic principles of the invention as illustrated
and described.

Referring to the drawing, the heart of the ap-
paratus is the electrolysis cell I, which is pro-

vided with a cooling jacket 2 having an Inlet 8 L

and outlet 4 for flow of a coolant Hquid (such as
an aqueous solution of ethylene glycol or meth-
anol) which {s pumped through the jacket and
recycled through a refrigerator (not shown), so

as to maintain a desired cel! operating tempera- 70

ture. An operating temperature in the neighbor-
hood of 0° C. is convenient and permits of simple
operation at substantially atmospheric pressure.
The cell has a removable cover B which can be

45

. 12
Suspended from the cover, 50 as to be located
within the cell when the cover is in position, is
the electrode pack consisting of a series of anode
plates and an alternating series of intermeshed
cathode plates. An extreme outward anode plate
§ and cathode plate T are shown, the other plates
being to the rear and not visible in the drawing.
The anode plates are connected and held in
spaced relation by a cross bar connector 8 to
which the tabs of the plates are welded ; and simi-
larly the cathode plates are joined by connector
§. The connectors are suspended from anode
conductor rod 18 and cathode conductor rod 1,
respectively. These rods pass through the cell
cover, being insulated therefrom and sealed by
concentric insulating material, and external con-
nection is made to them from the power source.

The cell body can be conveniently made of
steel. Iron cathode plates and nickel anode
plates are sultable, and the cross bars and con-
ductor rods cau: be made of the same metals as
the electrode plates served by them. The plates
can be closely spaced, a spacing distance between
adjacent anode and cathode surfaces of the order
of 35 to ¥4 inch being quite satistactory. ‘“Tefion”
(polytetrafiuoroethylene) is a very satistactory
non-corroding material for insulating and seal-
ing the conductor rods from the cover and for
providing a gasket between the cover and body
flange of the cell.

The bottom of the cell is provided with an out-
let pipe (2 having a valve {3, used for draining
the cell. This can be used during operation for
draining liquid products which settle to the bot-
tom of the cell.

The cell cover is provided with a vertical inlet
pipe 14 (which connects to the bottom of the hy-
drogen fluoride condenser shortly to be described)
and a charging inlet pipe 15, having a valve 18§,
connects thereto to permit of introducing into
the cell the liquid hydrogen fluoride, the organic
starting compound, and any other substance (such
as a conductivity additive) which is to be pres-
ent. ' This injet pipe extends down into the cell
a sufficient distance so that its lower end will be
well below the surface of the liquid solution dur-
ing normal operation, thereby making a liquid
seal. If is located in front of the electrode pack
and 1s spaced therefrom.

The cell cover is also provided with a vertical
outlet pipe 11, for gaseous products evolved in
the cell, which connects to the hydrogen fluoride
condenser 18 located above the cell. This con-
denser has a jacket 19 to permit of circujating a
coolant liquid for maintaining a desired low tem-
perature. The pipe | T extends down into the con-
denser short of the bottom, and may be in the
form of a spiral for better heat transfer. The
bottom of the condenser vessel i3 connected,
through valve 28, with the aforesaid vertical inlet
pipe 14 of the cell. This permits the liquid con-
densate to drain back into the cell.

The top of this condenser is connected by tube
2| to the reactor vessel 22, the tube extending
down into the vessel, which is filled with a 15%

. sodium hydroxide solution. The top of the reac-

tor is in turn connected by tube 23 to the drier
vesse] 24, the tube extending down into the vessel.
This vessel is filled with a drying medium, such as
potassium hydroxide pellets, for removing water
from the gaseous mixture passing therethrough.
The top of the drier is connected by tube 28,
having valve 28, to the product condenser vessel
2], the tube extending down short of the bottom.

bolted to an outward top flange of thn 221 hodv _7.5 The tube ¢an be spiralled so as to improve heat
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transfer. This vessel is provided with a remov-
able liquid-air cooling jacket 28, for maintaining
in the condenser a very low temperature sufficient
for condensing even such low-boiling product
compounds as carbon tetrafluoride (CFy) and
fluoroform (CF:H), but insufiicient to condense
the accompanying hydrogen.

The top of this condenser is provided with an
outlet tube 29, having a valve 30, for conducting
the hydrogen gas to the gas meter 31, the latter
being used for mesasuring the hydrogen produc-
tion. The outlet tube is provided with a branch
tube 32, having a valve 33, which connects on the
upstream side of valve 30. During normal opera-
tion valve 26 and 30 are open and valve 33 is
closed. However, valves 26 and 30 can be closed
and valve 33 opened to withdraw the condensate
compounds, the latter being vaporized by warm-
ing in the absence of the liquid air; and during
this period the gaseous products from the cell
can be diverted to an alternate recovery system
(not shown) if continuous cell operation is in
progress. The withdrawn products can be led
to & fractiona} distillation system (not shown)
for separating the various product compounds
which have been formed.

The gaseous mixture evolved from the cell will
normally contain some hydrogen fluoride (evap-
orated in the cell) in addition to hydrogen and to
volatile fluorine-containing carbon product com-
pounds. If an oxygen-containing organic start-
ing compound is employed this will also result in
the formation of some CO:.. The hydrogen fluo-
ride condenser {8 is maintained at a temperature
of about minus 40° C. and serves to condense out
most of the hydrogen fluoride, which is returned
to the cell. The other constituents of the gas
mixture are substantially insoluble in the liquid
hydrogen fluoride condensate and are carried
along in vapor phase in the hydrogen gas stream.
Vapors from any higher-boiling fluorine-contain-
ing earbon product compounds formed in the cell
will also condense and return to the cell; such
compounds in the main settling to the bottom of
the cell.

The sodium hydroxide reactor 22 serves to re~
move from thc gas stream any residual HF and
also any CO:z which is present. The drier 24
serves to remove water vapor which has been
picked up in the reactor. The fluorocarbons and
other fluorine-containing carbon product com-
pounds are separated from the hydrogen by being
frozen out in the product condenser 21, from
which they can be withdrawn in the manner al-
ready indicated. \

Other means can be used for separating the
hydrogen from the purified gaseous product com-~
pounds. A condenser cooled by a mixture of
solid-CO: and acetone can be included ahead of
the liquid-air condenser to preliminarily condense
out the higher-boiling product compounds. In-
stead of using a liquid-air condenser, the gaseous
mixture can be compressed and refrigerated so
as to condense out the product compounds. This
can be done in several stages so as to first con-
dense out the bulk of the higher-boiling com-
pounds and then, at a lower temperature or high-
er pressure (or both), condense out the remain~
ing product compounds. The hydrogen can also
be separated by chemical means, as by passing
the gas stream through heated copper oxide.

The aforesaid purifying and recovery system
has a wide application but can be readily modi-~
fled as desired. For example, an aqueous calcium
chloride bubbler can be inserted in series before

14
the sodium hydroxide bubbler for removal of
residual hydrogen fluoride from the gas stream.
Oxygen fluoride (OF3), formed when water is
present in the electrolyte solution of the cell, can
be removed from the gas stream by bubbling
through an agqueous potassium-sulfite-iodide so-
lution contained in a reactor vessel included in
the train ahead of the drier. When nitrogen-con-
taining organic. starting compounds are being

10 processed, the gas stream will contain some nitro-

gen trifiluoride (NFs). This is a stable low-boiling
gas and can be separated from the product com-
pounds by fractionation.

A further alternative is to remove the residual

16 traces of hydrogen fluoride from the gas stream
leaving the hydrogen fluoride condenser by pass-

ing through a vessel packed with sodium fluoride
pellets. 1t is not necessary to remove COz, OF:
and NFs from the gas stream, and the use of

20 aqueous purifying solutions can be omitted. The

gas stream from the sodium fluoride vessel can
go directly to the product condenser in this case
as no drying is needed. 'The CO: (and any OF2
and NF:; present) can be separated from the

26 products by distillation. This procedure is espe-

cially useful when reactive fluorocarbon deriva-
tives (such as fluorocarbon acid fluorides made
from carboxylic acids) are contained in the gas
stream.

80 The principal non-volatile products of interest

are insoluble in the hydrogen fluoride electrolyte
solution and settle to the bottom of the cell from
which they can be drained. The immiscible
liquid drained from the cell may include nor-

35 mally solid compounds dissolved therein. This

liquid can be washed with potassium hydroxide
solution to remove traces of hydrogen fluoride
and then fractionally distilled. Soluble product
materials which remain in the electrolyte solu-

40 tion can be recovered by distillation following

the run. Some product compounds (of interme-
diate volatility) will be recovered in part from
the gaseous mixture evolved from the cell and
in part from the immiscible liquid which is

45 drained from the bottom of the cell.

The body of the electrolysis cell can be used
as a cathode, being -connected to the cathodes
in the cell, or, as is generally preferable, it can
simply “float,” not being electrically connected

50 or grounded.

The cathode elements do not need to be made
of iron or steel. Any metallic conducting mate-
rial which resists the corrosive action of thez
hydrogen fluoride solution can be used, includ-

0 ing copper, magnesium, aluminum, nickel, nickel
alloys, ete. Anode elements can be made of
nickel alloys as well as of nickel, or of Monel
metal, silicon carbide, carbon, etc. '

Using iron cathodes and nickel anodes, operat-
ing cell voltages in the range of 5 to 8 volts have

" been found generally suitable for most efficient
results, with 5 to 6 volts usually being the opti-
mum. Current densities as high as 20 amperes
or higher per square foot of anode surface are

65 obtainable. ‘A 50-ampere cell, having about 350

sq. in. of anode surface, has proved quite satis-
factory for general laboratory research use and
permits of making substantic]l quantities of
product compounds for study of properties and
for preliminary use evaluation. The compact-
ness of the cells per unit of power is an advan-
tageous feature of the process. Operating tem-
peratures in the range of about minus 20° C. to

.. blus 80° C. have proved highly effective. Within
75 this range, temperatures of about 0° C. to 20° C.
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readily permit >f convenient operation at about
atmospheric pressure (the bolling point of hy-
drogen fluoride being 19.5° C. and being raised
by dissolved compounds), and the necessary cool-
ing can be readily effected.

It is to be understood, however, that the in-
vention is not restricted to the operating condi-
tions noted above. Under appropriate conditions
cell voltages as low as about 12 volt can be used.
While higher cell voltages than those mentioned
can be used under some circumstances without
causing free fiuorine generation, arrangements
utilizing cell voltages not exceeding 8 volts are
much preferred since the use of a higher voltage
means that much energy is being lost in over-
coming current blocking conditions in the eell.
A wide range of operating temperatures and
pressures can be employed. Thus temperatures
as low as minus 80° C. and higher than plus 75°
C. have actually been used in experiments. The
freezing point of pure hydrogen fluoride is minus
83° C. and a still lower freezing point results when
it contains dissolved material. Thus the Hquid
state of liquid hydrogen fluoride solutions can
be maintained at very low temperatures. Tem-
peratures higher than about 20° C. generally re-
quire operation at superatmospheric vapor pres-
sures in order to elevate the boiling point of the
solution. However, the necessary pressure can

be minimized and even atmospheric pressure can

be utilized by employing solutes which markedly
lower the hydrogen fluoride vapor pressure, as
by dissolving potassium or sodium fluoride in
relatively large proportion in the hydrogen
fluoride. Superatmospheric cell pressures are
needed in some cases to maintain the starting
compound in liquid phase or to prevent rapid
evaporation, even though a low operating tem-
perature is employed. This is especially true In
the case of low-boiling starting compounds which
are not dissolved in the liquid hydrogen fluoride.
To take an extreme illustration, ethane has a
boiling point of minus 88° C. at atmospheric
pressure and hence the cell must be operated at
an elevated pressure in order to maintain ethane
in & liquid state in the cell at temperatures above
this value.

It will be evident from the foregoing descrip-
tion that this invention pertains to a basically
new unit process in chemistry and is not a mere
process for producing & particular type of com-
pound from a particular type of starting mate-
rial. Practically all organic materials can be
utilized as starting compounds, whether or not

soluble in liquid hydrogen fluoride, and the proc- ¢

ess provides a new general method by which they
can be transformed into a great variety of
fluorine-containing carbon product compounds,
including many novel compounds not hitherto
made by any other process. .

In all cases the bhasic generic principle of the
present invention is employed, namely, the useful
electrochemical preparation of fluorine-contain-
ing carbon product compounds from fluorinatable
organic starting compounds, by electrolyzing for
a period of hours a current-conducting mixture
of liquid hydrogen fluoride solution and the or-
ganic starting material (either dissolved or ad-
mixed), which is free from water in more than
a small proportion, at a temperature and pressure
at which a liquid state is maintained and at an
electrolyzing potential which is insufficient to
generate free fluorine under the existing condi-
tions, but which is sufficient to cause the produc-
tion of fluorine-containing carbon compound
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products at a useful rate, and recovering one or
more fluorine-containing carbon compound prod-
ucts of the process.

In order to further illustrate the {nvention by
specific examples, the following table is presented
as g convenient summarization of the results of
& large number of experiments, This table is not
intended to set forth all compounds that have been
made or can be made, and serves for {llustration
rather than limitation. It lists a considerable
number of different fluorine-containing carbon
product compounds which have been made by this
process from soluble organic starting compounds
dissolved in anhydrous liquid hydrogen fluoride.
Boiling point values for most of the compounds
are given in the left-hand column. These are to
be regarded as approximate values, Many of
these values were determined at about 740 mm.
pressure and have not been corrected to stand-
ard condition (760 mm.) values, and hence are
somewhat lower (1 to 3°) than the latter. These
compounds were separated and clearly identified
by physical and chemical properties. In all nec~
essary cases the content of fluorine and of other
non-carbon elements present was determined by
analysis. In some cases where compounds of the
same series or.of an analogous series had pre-
viously been obtained and identified, it was not
considered necessary to chemically analyze the
product compounds for unambiguous identifica~
tion; the physical and chemical properties, to-
gether with knowledge of the starting compound
empioyed. being quite sufficient to enable definite
identification. In some cases derlvatives were
made and identified, further corroborating the
identification of the cell product. Infrared ab-
sorption spectra determinations have been made
on various serles of these compounds to supply
further identification corroboration, Several
compounds were analyzed by the mass spectro-
graph method.

Under the listing of each product compound
there is listed in the indented column one or more
HF-goluble starting compounds from which it was

2 made. No attempt has been made at complete-

ness in the latter respect—thus carbon tetrafluo-
ride (CF¢) and fluoroform (CFSH) were presum-
ably produced in substantially all experiments.
The product compounds are those which were re-
garded as of particular significance in the ex-
periments on the listed starting compounds.
Some starting compounds have produced signifi-
cant yields of two or more types of compounds,
as for example, the ethers have yielded both fluo-
rocarbons and fluorocarbon oxides, the amines
have ylelded fully fluorinated nitrogen-contain-
ing carbon compounds as well as fluorocarbons,
the carboxylic acids have ylelded fluorocarbon
acid fluorides as well as fluorocarbons, etc. Most
of these product compounds have been, and all
of them could be, produced with the type of cell
arrangement which has been described in con-
nection with the drawing, utilizing iron cathodes
and nickel anodes and cell voltages below 8 volts
D. C., and operating temperatures in the neigh-
borhood of 0° C. The solubilities of these start-
ing compounds in anhydrous liquid hydrogen flu-
oride at 0° C. permitted use of starting solutions
containing at least about a 1 to 10 ratio by welght
of the starting compound to the hydrogen fluo-
ride and In many cases a substantially higher
ratio was actually used. Thus in some experi-
ments using acetic acid, the initial amount there-
of exceeded that of the hydrogen flucride.
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B, P., | Flourine-Containing Carbon Product Compounds made B. P, Flou.dne—Oontaining Carbon Product Compounds mad
°C. from the under-listed organie compoumds C. !rom the under-listed organic componnds ®
—128 C¥y (carbon tetraﬂuorlde}l 5 133 CsFuOCsFy (d!-undemﬂuorosmyl ether)
HyOH (methyl aloo! 01) i CyH110CsHy; (diamyl ether)
C,H;OH (ethy aleoho 172 CuFuOOoFu (di-tridecafluorohexyl ether)
CH;COOH (acetic acid) 30 CsH); (dfhexyl ether)
CH.OO Na (sodlum noetate) 35 041"-0 F: énonaﬂuorobutgl trifluoromethyl ether) :
HiCOCHs (acetone) 'H:0HE (ethylene glycol monobutyl ether)
CH;COCI (wetyl chlorlde) 0(C=H4OC¢HBzz (diethylene glycol dfbutyl ether
CH3CN (acetonitrile) 14 CF,OOF, (decafluoro-glycol dimethy] ether
C:H;CO HEgroplonlcscid) 10 : ,OCH,OH,OCB, (14—dlonne)
CaH7COOH (dutyricacid) :
?G?O%H('t(?mimfﬁh 1°§,’,‘°§) CiFs00F,0F;0CF1CFy0CHF; (s
N (trime o) 97 1Py 21CF;0CF,CF0C) s octafluorodiethylene gly-
H; g?:(mercurccymlde) dl-pentaﬂuoroet Cyl ethe; vienegly .
-~78 C:Fs (hexafluoroethane . | - C:HsOCH:CH;0 HgCH,OC,H; (dlethylene glycol
‘ cn’obﬁ(??m?nlﬂ P i OOH, nseatizororysiohery]  triftuoromethy}
sHsQH (ethyl aleol 11 andecafliiorogyclohe; uorome!
IGO0 (oropionie acld) i 8 :,tha) 1 oryeioleny ometly
- CsHi0H (nrogyl aloohol) . CeH;0CH; (anisole)
CsH.COOH ie acld) - 1 | CiFs0 (octafluorotetramethylene oxide) .
éHsOCzHa (dlethyl ether) CH3O (totramethyleme oxide)
: (C:H)sN (triethylamine) 32 O.Fuo (deeaﬂuoropentamethyleue oxide)
—-38 C3Fy (octaﬂuoropro e) Cy luO (pentamebhylens oxide)
CH3):CHOH (isopropyl alcohol) \
CH3)2CHOCH(CHz)s (dl-lsopropyl ether) 20
sH3sCOOH (proplonic acld ~42 | OCF:CFCF, (hexafluoroprapylane oxide-1,2)
83H18% %H(b(butyrlc acyd)
sH. T
(CH;):CCOOH (pivalic acld) OCH;CHOH;CI (epichlorohydrin)
(C3H3)aN (tripropylamine) P
—2.5 | C4F1q (decafluorobutane)
E CH:OH (butyl sleohol)
CH,COOH (butyricacld) - 25 _g | omcor (triiuoroacety] fuoride)
CH COOCH; (butyl acetate) CH;COO0H (acetic acid)
CHINCO (b utyl isocyanate) —o8 CngOOF (peutaﬂuoropropiouyl fluoride)
CsHSH_(butyl captan) Ca! " (propionic seid)
8 Hz)&(COOH)z (ﬂdipic aeld) CiF400F (heptaﬂunrobutyryl fluoride)
sH1 OH (amyl aleohol) sH,COOH (butyric acid)
C:HyOO4Hy (diabutylethery -~~~ . C;FHCOF (undeeaﬂuorocaproyl fluoride)
(Cs+Hy):NH (dibutylamine) 30 & proic acid)
$CAHB)3N (ributylamine) = Y% G:FmCOF (penta ecaﬂuorocapryly] flyoride)
C;Hyy)aN (trismylamine) CrHsCOOH (caprylic acia)
28 | CsFy(dodecafiuoropentane) -~ -~ - CyFypCOF (nonadecaﬁuorocapryl fluoride)
sHiOH (amyl alcohol) [o): 1) oon (capric seld)
CsHuOCEHn (diamyl ether) R OIFHOO hexanecarboxylle  scid
8‘%"0 %O(OH (caproic acid) s ﬂuor]de) tbenzole actd) \
5 - CgH:COOH (benzole ac
CH:):(OOOB)z (sebasicscid) 36 . | CF,OFCOF (tridecaifuorocyclohexylacetyl duoride)
CoHU)zN (mamylamme) CoH:CH;COOH (phenylacetic acid)
ine) CiHyCH,COOH (c{clohexy]acetlc actd)
52 CoFu(H ecaﬂuorocyelohexane) —81 | CFsCN (trifinoroacetonitrile)
sOH (phenol) CHiCN (acetonltrile)
CtHsNH: (amli!le%l 124 FC;H.N (2-fluoropyridine)
56 CeFue (tetrade%gt.}uolrolex}?nﬁ) sN (pyridine) hexylamine)
xy1 aleoho - | CaFuNF2 (tridecafluorocyclohexy] )
CiH130CeH 1y (hexyl ether) 40 L4 ' ".H&\I(E’- (sniline) v
C;H,,COOH (eaproic acid) ey C,FlnNF (undecafiuoropiperidine)
‘ CHiCOOH (benzoic acid) Cs, yridine
82 CrFie (hexadecaﬁuorohaptane) —11 (CF;);N ( tn-tnﬂuoromethylamine)
CiH:COOH (benzolc acid) (CH;):N (trimethylamine)
. 01H15000H (caprylic acid) 89 | (CsFs éaN (m pentaﬂuoroethyeamme)
104 CxF]s (octadecsﬂuorouctan ) (CsH;):N (triethylamine)
OOQH (caprie acid) 45. - 12 | (CiFN Griheptafinoropropylamine)
‘(JCEz éCOOH): (sebsclcacld) . (CyH7):N (tripropylamine)
H (octylamine) 177 (C.Fo):N {tri-nonaflucrobutylamine)
1HnCN (caprylonitrile) (CiHy);N (tributylsmine)
- C1HSH (octy] mercaptan) a5 | (CEN lri-undecafiuoroamylamine)
127 | CyFys (octadecafluoropropyleyclohexane) sHy)sN (triamylamine)
C;H;N (quinoline) 115 (CF3)sNCeFyy (N Ndi- mﬂuoromethyl-undecaﬂuorocy-
128 CoF (eicosafluorononane) 50 X clohexylamm
E}CH: s(COOH); (sebacic actd) (CH3)sN Gy (dimethylaniline)
+HyyCOOH (capric acid) 165 (CsFg)sN 3FCeFy; (N, N-di-pentafiuorocthiyltridecafluo-
43 CuFz docosaﬁuomd e) rocycxoherylmeth lanine)
C OOH (caprie acid) N (C: ,),NCHchH: (diethylbenzylamine)
ConnNHl (decylamine) 03 | (C:Fs)sNCyF: (N,N-di-pentsfluoroethyl-heptafiuoropro-
—18 CH:F (ﬁuorgnﬁezhante) @) pylaniine) Jamig)
AceLic ack C. NCsHy (diethylpropylamine.
-52, CFzH: (diﬂuoromethane) 1.3 13 (c,é,)ﬁ%%ip, 3(1lr(1~:r-¢;11-¥)e,rx’ntaﬂuoroethy] nonsfluorobu-
s gH;j ; (a)cetlc acid) tylamine) btk )
—8 sH (fluoroform ' (c,H )aNC4Fy (diethylbuty! aming
CH;OH (methyl slcohol) C eptafizoropropyl-pentafluoroeth-
SHCOOH (scetio scid) " u (C;F1)1NC)2F5(N ,N-di-hep! Ip py)
3 a un acetate 'NCsH; (dipropylethylamine,
CH3COCI (acetyl chloride) 108 (- c:(p(%i)?\z)é,}‘,(z[\rs .d?.hél)aytaﬂuoroisopropyl pentafluoro-
CHsCOCH; (acetone) 60 ethylam:
CH30CH, (dimethyl ether) (1-C3H1)1N01H5 (diisopropylethylamine)
CsH:000H. (butyrie acid) 1 | OF cm),sp (octadecafiuorooctyl mereaptan)
CH;ON (acetonitrile) é VG HGH (ooty] mercaptan)
(CHy)sN (trimethylamine)
—48 CZF‘(‘HIZI (gz)r%ﬂ&o&oethaue) )
s H Topionic ac
. GH;COC:H; (methyl ethyl ketone) Many of the product compounds listed in the
~40 [ CFE épcntaﬂuczroethane) - 65 foregoing table have not been disclosed in prior
C:H propionic &c:
CyH;COOH (butgncacld) publications or patents and are belleved to be
ORON L {mothsl ethyl ketone) novel. Some of them are claimed as new com-
N 1 acetonitrile i N 3 s
-1.5 C;F%LH(hexauuo{bopm%aue)m) positions of matter in 1:;he folﬁwxnglapplicat:m;nz
1t} C utyric ac f which I am in each case the sole or a join
—16.5'[ ‘C3F7H (heptafinoropropane 2 . ) A s
cé (7 1; OH btxl)tééc B%gi)iso other) 70 gpplicant, and which describe their preparation
(CH,):CHOCH(CH;): propyl ether’ o 5 i msa-
=8 | OFsQCks (di-riflucromethyl ether) by the present process and give further informa

CH30CHj; (dimethy) ether)
CiF30CyF;s (di-pentaflluoroethyl ether)
H30 C;Hj (diethyl ether)

"CiFy0CiFy (di-nonafluorobutyl ether)

CiH;0CH) (dibutyl ethet)

tion on their physical and chemical properties,
viz.: Ser. Nos. 20,955 (filed May 28, 1948), now
abandoned, 38,751 and 38,752 (both filed July 14,
75 1948), 39,999 (fled July 21, 1948), 48,777 (filed
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September 10, 1948) and 70,154 (filed January 10,
1949). Ser. Nos, 38,751 and 38,752 have since is-
sued as Patents Nos. 2,480,098 and 2,490,099, dated
December 6, 1949, and Ser. No. 39,999 as Patent
No. 2,500,388, dated March 14, 1950.

The following examples are based on actual
experiments and further serve to illustrate the
invention. Additional detailed examples have
been set forth in my aforesaid parent applica-
tions, Ser. Nos. 384,729, 569,265 626,434; and
677,407, to which reference may be made, but in
the interest of brevity have not been set forth
in the present specification,

Ezxample I

In this experiment use was made of a 100-
ampere cell. The casing was a rectangular steel
box having a removable steel cover plate bolted
to the flanged top of the casing. The conductor
rods were insulated and sealed from the cover
plate by means of “Saran” (polyvinylidene chlo-
ride) tubing, which was also employed in sheet
form as a gasket between the cover and the cas-
ing flange. Eight anode plates of nickel and
seven interleaving cathode plates of iron were
used, spaced so that the distance between adja-
cent electrode surfaces was 0.29°/, The dimen-
sions of each plate were 18"’ x 11%"’ X ¥¢'’. The
distance between the outer anode plate surfaces
and the cell walls was 0.40”’. The cell casing
served as a cathode element and was connected.
to the cathode plates, The anode plates had a
total operating area of 23 sq. ft. (21,400 sq. em.).
The cell was maintained at a temperature during
operation of from minus 5° C, to plus 10° C. by
means of a chilled brine bath.

This cell was charged with 4.45 kg. (50.5 mols)
of n-hutyric acid (approximately 10 pounds) and
with 27.5 kg. (1375 mols) of commercial anhy-
drous liquid hydrogen fluoride (approximately 61
pounds). The applied cell voltage was 5.3 volts,
which produced an average current of 100 am-
peres, the average current density being sbout
4.4 amps./sq. ft.

The exit gas mixture from the cell was con-~
ducted through a tube (connected to the cover
plate) to a condenser where the bulk of the HF
was condenser and drained back to the cell, then
through a sodium fluoride tube for further re-
moval of HF, then through a potassium hydrox-
ide bubbler to remove CO:z and any residual HPF,
a potassium iodide and sodium thiosulfate bub-
bler to remove OF%, a licuid air trap to condense
the fluorocarbon compounds, and lastly a wet
test meter for measuring the quantity of hydro-
gen,

The materials collected in the liquid air trap
during a portion of the run were transferred to
& gas holder over water. The weight of this puri-
fled condensate was 7456 grams, produced during
an gperating period of 54.4 hours, with 232 fara-
days being passed. This material was fraction-
ated into nine portions with yields as shown in
the following table. Molecular weights of the
fractions were obtained by using a gas density
balanece and applying the ideal gas law; they rep-
resent approximate weighted averages in the
case of fractions boiling over an appreciable
range. The weight amount of each fraction was
obtained from the pressure of the gas when the
fraction was allowed to vaporize into a receptacle
of known volume, applving the ideal gas law.
The first cut was a mixture of CFy, CF:H and
CaFe. Other cuts consisted of relatively pure
single compounds, as shown.

Formula
Boiling range, | Quantity, | Mol.
Cut ° Q. grams B ey Identity v wt. of

o —133 to —48

—48 to —42
—42to —41
—41 1o —38
—-30 to —23

185 | Intercut. .| cocoaoo-.
182 | CyFsHsy.... 152
150 | Residue...|..coceeacnns

suzaalze 2

It will be evident from the above table that the

15 gaseous mixture contained a large proportion of
fluorocarbon compounds having three carbon
atoms in the molecule, i. e. C1Fs (octafiuoropro-
pane), CaFvH (heptafiuoropropane) and CiFsHa
(hexafluoropropane). .

20 After several runs using this same charge
(without replenishment of the butyric acid) the
following materials were collected from the gas
mixture: Boiling below —38° C,, 1141 grams; at
approXimately —38° C., 1988 grams; between

25 __38 and —17° C., 182 grams; between —17 and
—4° C., 1183 grams; gbove —4° C., 972 grams.
The residual soluticn in the cell, after an ex-
tended period of electrolysis, was found to con-
tain 2.27 kg. (5 pounds) of organic material

30 which contained about 40% by weight of com-
bined fluorine. Thus non-gaseous fluorine-con-
taining carbon compounds were also produced by
the process and remained in the cell.

. Other experiments have demonstrated the for-

3% mation from butyric acid of a substantial yield
of CiFuo (decafluorobutane), having a boiling
point close to 0° C., as well as other compounds,
including the fluorocarbon acid fluoride com-

i pound C:F4COF,

Ezxzample [T

A small laboratory cell was used. The cell
body was constructed of a one-foot length of
45 iron pipe (3’’ dlameter) hsving an iron plate
brazed to one end to form the bottom. An iron
rod (%'’ dia.) was brazed to the center of the
bottom and extended upwardly to near the top.
The pipe and this center rod constituted the
50 cathodes. An iron cover plate was secured to a
flange at the upper end of the pipe. Through
the center of the cover passed an anode con-
ductor support rod sealed and Insulated there-
from, to which was fastened a cylinder of sheet
56 nickel (1%’ dia.) surrounding the iron center
rod and forming the anode. “Saran” was used
for sealing and gasketing. An outlet tube was
connected to the upper end of the pipe for with-
drawing gaseous products. The cell was cooled
60 in an ice bath to maintain an operating temper-
ature in the neighborhood of 0° C.

The cell was charged with 400 grams (20 mols)
of commercial- anhydrous liquid hydrogen fluo-
ride, 98 grams (1 mol) of toluene, and 5 grams

65 (0.3 mol) of added water, serving as a conductiv-
ity additive. The toluene was substantially in-
soluble in the hydrogen fluoride solution but be-
came admixed therewith during operation.

Electroylsis proceeded at 5 volts and 1.1 am-

70 peres for a period of 12 days, during which 88
liters of gas were evolved which yielded 11 grams
of condensate in a liquid air trap. The conden-
sate was distilled to yield a 0.5 gram portion boil-
ing below —80° C., a 0.5 gram portion boiling at

76 about 0° €., and a prineipal fraction of 10 grams

STATE_07524641
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21 ,
bolling above room temperature, The Jatter was
redistilled in g fractionating column and the fol-
lowing Iractlons were separated:
© Weight (grams)
‘Boiling range (° C):

57-60 e e ———— e o e 1.6
D063 e e 1.6
63-64 JE S 32
Residue  oom e - 09

The 63-64° C. iraction had a molecular weight
of 383, corresponding to a 7-carbon fluorocar-
bon.

Using the same cell arrangement, the forma-
tion of fluorocarbons from n-octane, using wa-
ter as a conductivity additive, was demonstrated.
The cell was charged with 550 grams (27.5 mols)
of commercial anhydrous liquid hydrogen fiuo-
ride, 160 grams (1.4 mols) of n-octane, and 10
grams (0.6 mol) of added water. An electrolysis
proceeded during the 600 hour run period, a total
of 440 additional grams of hydrogen fluoride and
60 grams of water were added from time to time
to replenish the hydrogen flucride and to main-
tain the conductivity. The cell voltage varied
from 6.5 to 7.7 volts and the cell current varied
in the range of 1.5 to 3.0 amperes. A total of
47.3 faradays passed. Fractionation of the prod-
ucet mixture demonstrated that the original
octane had been (o a large extent) converted to
fluorocarbon compounds, of which more than
one-third was CeF1s. Substantial yields of CiFie
and CsPue were also obtained.

The production of fluorocarbons from n-octane
was also demonstrated in experiments using am-
monia, mercuric cyanide, and pyridine, as con-
ductivity additives. In the absence of the n-
octane, a solution of mercuric cyanide in anhy-
drous liquid hydrogen flucride yielded CF: and
NF% when subjected to a cell potential of about
7.5 volts, and with the liberation of free mer-
cury. ‘

Ezample 111

A cell of the type described in the preceding
example was charged with 205 grams .(5 mols)
of acefonitrile (CH:;CN) and 785 grams (393
mols) of anhydrous liquid hydrogen fluoride
(which initially contained a substantial trace of
waier). Current was passed for five days at an
average of 55 amperes. The cell voltage aver-
aged 1.7 volts and remained close to this value
during this five day period. Fluorocarbon com-
pounds were formed during the entire run. The
identified products included OFs:, CFH, CF4,
C:¥sH, C:Fs and-CFsCN.

The C2F:H and CF:CN appeared to form an
azeotropic mixture and separation by distillation
was not accomplished. This mixture fraction
(boiling in the range of —73 to —48° C.) was
chemically treated to identify the CF:CN in the
following way: The gaseous mixture was passed
through 50% aqueous potassium hydroxide at
60-70° C., then into a standard HC1 acid solu-
tion, through a drying tube, and,recondensed in
a liquid air trap. Titratlion of the acid indicated
that 3.2 grams of CF:CN had been hydrolyzed,
equivalent to 5.1 g. of CF3COOK. The basic solu-
tion was neutralized with HCI and evaporated to
dryness. The residue was then dried and was
subjected to an analytical procedure which dem-
onstrated the presence of 5.1 g. of CF:COOK,
The gas from the liquid air trap was found to
have a molecular weight range of 118 to 124 and
was mainly CoF5H (formula wt. 120).
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Example IV

A small copper cell having a nickel anode was
charged with acetic acid and KF-3HF in the
ratio of 1 to 3.4 by weight. Current was passed
through the cell at about 8 volts and 9 amperes
until 6 faradays had passed. The operation was
conducted at atmospheric pressure and a tem-
perature averaging 75° C. This operating pres-
sure was possible, despite the elevated tempera-
ture, due to the low vapor pressure of the com-
plex of potassium fluoride and hydrogen fluoride,
which remained in a non-boiling liquid state.
The products included CF: and CF3H.

A similar experiment, using a cell charge of
sodium acetate and KF-3HF in the ratio of 1 to
6.8 by weight, was conducted under similar con-
ditions and with similar resulis.

Example V

Use was made of an iron laboratory cell con-
taining nickel anodes and iron cathodes, operat-
ing at atmospheric pressure and a temperature of
0° C. The initial cell charge consisted of 7,500
grams of highly anhydrous liquid hydrogen fiuo-
ride and 700 grams of dried pyridine. Additional
pyridine was added during the run to make a
total of about 2,000 grams. The pyridine em-
ployed was dried over solid sodium hydroxide
and then distilled. Current was passed for a
period of four days, at an average cell voltage
of approximately 6.0. A total of 447 faradays was
passed.

The liquid cell product mixture was drained
from the bottom of the cell, treated with lime to
remove residual HF, and was fractionally dis-
tilled. 'There was obtained about 250 grams of a
liquid fraction which was identified as relatively
pure CsFuNF (undecafluoropiperidine), a cyclic
compound having the following measured prop-

erties:

Boiling point (at about 740 mm.) ..__.°C.. 48
Refractive index (at 20° C) ____________ 1.281
Density (grams/cc.at 20°C.) _ . ______._ 1744
Surface tension (dynes/cm. at 20° C.) __.. 13.6
Molecular weight (from vapor density) __. 285
Perecent¥ ______._ . 73.4
Percent N . _________ _____________ 4 87

The values for the pure compound as calculated
from the formula are: molecular weight, 283;
Per cent F, 73.1; Per cent N, 4.95.

Other products included 2-flucropyridine,
CsF1z and NF3. .

The CsFi2 (dodecafluoropentane) is formed by
cleavage of the ring (eliminating N) and fluorine
replacement and addition to produce the satu-
rated open chain. Substantially all of the CsFia
formed from pyridine is of the normal, straight-
chain type. A highly purified sample (obtained
from another experiment in which pyridine was
used) having a molecular weight value (deter-
mined from vapor density) of 288, in agreement
with the formula weight of 288, and which was
estimated from the freezing point range to be at
least 99.5 mol per cent pure, was found to have
the following physical properties:

Boiling point (at 760 mm.) ______ °C_. 27.9

Freezing point . _____________ °C.- —125.65

Dielectric constant (at 20° C) ... b 1.68
Example VI ‘

Use was made of an iron-cathode nickel-anode
cell of the type shown in the drawing, operating
at atmospheric pressure and a temperature of
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about 0° C. The initial cell charge consisted of
1800 grams of anhydrous liquid hydrogen fluoride
and 400 grams of di-n-butyl ether. Additional
ether was added during the run to replenish that
consumed. The cell voltage was in the range of
4 to 6 volts and produced a current density of
about 20 amperes per square foot of anocde sur-
face.

At the end of 60 hours, 1355 grams of immis-
cible liquid was recovered from the bottom of the
cell, and this was washed with potassium hy-
droxide solution to remove traces of HF, and
was then fractionally distilled to yield a liquid
fraction which was identified as relatively pure

normal CiFy—O—CFy (di-n-nonafluorobutyl
ether). This fraction had the following measured
properties:

Boiling point (at 741 mm.) . ___._. °C-. 100.7
Refractive index (at 256° C.) o 1.261
Density (grams/cec. at 3¢° C.) oo 1.689
Dielectric constant (at 20° C.) __________ 1.82

Molecular weight (from vapor density) . 459

The formula weight of the pure compound is
454,

This compound has boiling point, refractive
index, and density values which are slightly but
appreciably lower than those of the normal
CsF1s fluorocarbon (mol, wt. 438) which have
been found to be 104° C., 1.267, and 1.765, re-
spectively, and may be compared with the values
given above.

This butyl ether starting compound also pro-
duces a substantial yield of the C4Fi0 fluorocar-
bon, and lesser yields of lower fluorocarbon com-
pounds. Minor yields of fluorocarbon ethers
-aving fewer than eight carbon atoms are alsc
produced. Some material is also produced which
is higher boiling than the C4Fs—O—CiFs prod-
uct. There is some evidence for the formation
CsF1s, presumably formed by the combination
of CsF% radicals in the solution.

The fluorocarbon ethers are so stable that di-
rect analytical determination of the oxygen con-
tent is extremely difficult. The formation of
such compounds from hydrocarbon ether start-
ing compounds has been further substantiated
by homologous series runs down to and including
the production of CF;—O—CF; and

CuF5—0—C2Fs5

from cimethyl ether and diethyl ether, respec-
. tively. These products were found to have boil-
ing points of minus 59° C, and plus 1° C,, respec-
tively, and the measured molecular weights
(vapor density method) were the same as the for-
mula weights, Their identification was further
confirmed by mass spectrograph analyses which
admit of no doubt since the mass numbers of the
ionic fragments were measured with ample pre-
cision.

Having described various embodiments and ex-
amples of my novel precess for purposes of illus-
tration rather than limitation, what I claim is as
follows:

1. A new and useful electrochemical process of
making fluorine-containing carbon compounds
from fluorinatable organic starting compounds,
which comprises. electrolyzing for a period of
hours a current-conducting mixture of the or-
ganic starting material in liguid hydrogen fluo-
ride free from water in more than a small bro-
portion as herein described, at a temperature and
pressure at which a liquid state is maintained
and at a cell voltage which is insufficient to gen-

1010.0013

10

15

20

30

54
&

60

70

15

24
erate free fluorine under the cxisting couditions
but which is sufficient to cause the production of
fluorine-containing carbon compound products
at a useful rate, and recovering at least one fluo-
rine-containing carbon compound product of
the process.

2. A new and useful electrochemical process
of making carbon compounds which have at least
one fluorine atom bonded to a carbon atom in the
molecule, which comprises electrolyzing for a
period of hours & current-conducting mixture of
liquid hydrogen fluoride free from water in more
than a small proportion and an organic starting
compound having at least one hydrogen atom
bonded to a earbon atom in the molecule, at a
temperature and pressure at which a liquid state
is maintained and at a cell voltage which is in-
sufficient to generate free fluorine under the ex-
isting conditions but which is sufficient to cause
the production of fluorine-containing carbon
compound products at a useful rate, and recover-
ing a carbon compound product of the process
which has at least one fluorine atom bonded to a
carbon atom in the molecule.

3. A new and useful electrochemical process
of making carbon compounds which have at least
one fluorine atom bonded to a carbon atom in
the molecule, which comprises electrolyzing &
current-conducting mixture of liquid hydrogen
fluoride free from water in more than a small
proportion and an organic starting compound
having at least one hydrogen atom bonded to a
carbon atom in the molecule, by passing direct
current through the solution for a period of hours
at an electrolyzing potential which is insufficient
to generate free fluorine under the existing con-
ditions but which is sufficient to cause the pro-
duction of flucrine-containing carbon compound
products at a useful rate, the temperature and
pressure being such as to maintain a liquid state,
and recovering a carbon compound product of
the process which has at least one fluorine atom
bonded to a carbon atom in the molecule.

4. A process according to claim 3 wherein an

5 oxygen-containing starting compound is em-

ployed which has at least one hydrogen atom
attached to a carbon atom in the molecule.

5. A process according to claim 3 wherein'a
carboxylic acid starting compound is employed.

6. A process according to claim 3 wherein &
nitrogen-containing starting compound is em-
ployed which has at least one hydrogen atom
attached to a carbon atom in the molecule.

7. A process according to claim 3 wherein an
amine starting compound is employed.

8. A process according to claim 3 wherein a
hydroearbon starting compound is employed.

9. A process according to claim 3 wherein an
alkane starting compound is employed.

10. A new and useful electrochemical process
of making fluorine-containing carbon compounds
from fluorinatable hydrogen-containing organie
starting compounds which are readily soluble in
anhydrous liquid hydrogen fluoride to form elec-
trolytically conducting solutions, which com-
prises electrolyzing in & nickel-anode cell a
current-conducting solution of the organic start-
ing material in anhydrous liquid hydrogen
fluoride by passing direct current through the
solution for a period of hours at an electrolyzing
potential which is insufficient to generate free
fluorine under the existing conditions but which
is sufficient to cause the production of fluorine-
containing carbon compound products at a use-
ful rate, the temperature and pressure being such
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as to malntain a liquid state, and recovering at
least one fiuorine-containing carbon compound
product of the process.

11. A process according to claim 10 wherein
the temperature is maintained in the range of
about minus 20° to plus 80° C., and the total
cell potential does not exceed 8 volts.

12. A new and useful electrochemical process
of making fluorine-containing carbon compounds
from fluorinatable organic starting compounds,
which comprises electrolyzing for a period of
hours a current-conducting solution essentially
consisting of liquid hydrogen fiuoride containing
a dissolved conductivity additive and also con-
taining an admixzed undissolved organic starting
compound and which is free from water in more
than a small proportion as herein described, at
a temperature and pressure at which a liquid
state is maintained and af an electrolyzing
potential which is insufficient to generate free
fluorine under the existing conditions but which
is sufficient to cause the production of fluorine-
containing earbon compound products at a use-
ful rate, and recovering at least one fluorine-
containing carbon compound product of the
process.

13. A process according to claim 12 wherein a

soluble organic compound is employed as a con-
ductivity additive.
' 14. A process according to claim 12 wherein a
soluble oxygen-containing organic compound
which contains at least one hydrogen atom
bonded to a carbon atom in the molecule is em-
ployed as a conductivity additive.

15. A process according to claim 12 wherein a
soluble monocarboxylic acid is employed as a
conductivity additive.

16. A process according to claim 12 wherein 3
soluble nitrogen-containing organic compound
which contains at least one hydrogen aiom
bonded to a carbon atom in the molecule is em-
ployed as a conductivity additive.

17. A process according to clalm 12 wherein a
soluble inorganic compound is employed as a
conductivity additive.
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18. A process according to claiin 12 wherein a
soluble fluoride salt is employed as g conductivity
additive.

19. A new and useful electrochemical process
for making fluorine-containing carbon com-
pounds, which comprises electrolyzing in a
nickel-anode cell a current-conducting solution

essentially consisting of liquid hydrogen fluoride

containing a dissolved conductivity additive and
also containing an admixed and undissolved
fluorinatable hydrogen-containing organic start-
ing eompound and which is free from water in
more than a small proportion as herein described,
by passing direct current through the soluvion
for a period of hours at an electrolyzing poten-
tial which is insufficient to generate free fluorine
under the existing conditions but which is suffi-
cient to cause the production of fluorine-contain-
ing carbon compound products at a useful rate,
the temperature and pressure being such as to
maintain a liquid state, and recovering at least
one fluorine-containing carkon compound prod-
uct of the process. -

20. A process according to claim 19 wherein
anhydrous liquid hydrogen fluoride, and a hydro-
carbon starting compound, are employed.

JOSEPH H. SIMONS.
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