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MANUFACTURE OF FLUORINE BY
~ ELECTROLYSIS

Ralph C. DeWﬂmg, Wilmington, Del., assignor to
the United States of Ameriea as represented by
the United States Atomic Energy Commission -

Application Qctober 31, 1944, Serial No. 561,276
(CL. 204—860) .

9 Claims.

1

This invention relates to the manufacture of

fluorine and is particularly concerned with the
electrolysis of alkali-metal acid fluorides.
In the past it has been proposed to produce

Huorine by electrolysis of anhydrous alkali-metal
acid fluoride electrolytes, using carbon or nickel

anodes. Nickel anodes are destroyed rather
rapidly by the combined effect of the electrolyte
and generated fluorine. The overall efficiency of
the cell is reduced to the extent the generated
fluorine combines with nickel, and the cost of
the product is increased not only by this amount
but by an additional amount representing the
cost of mnickel anodes destroyed and the labor
involved in their frequent replacement. . .
Because of the inertness of carbon the use of
carbon anodes has been provosed.

However |

2

Most metals are sufficiently attacked under con-

~ditions of electrolysis to make their use eco-

nomically unfeasible. Ceramic equipment aside

from its objectionable reactions to temperature

changes is subject to destruction by the hydrogen

- fluoride present in the electrolyte.

10

15

their behavior has been found to he peculiarly |

erratic. A condition resembling polarization fre-
aduently arises preventing further operation of the
cell. As the electrolysis with a carbon anode con-
tinues, the optimum current density. gradually
diminishes until fluorine production falls to an
Insignificant quantity. If an attempt is made to
maintain fluorine production by increasing the
potential difference across the cell, a point is
reached at which further increase results in g
fall rather than a rise in current density and
fluorine production. This voltage maximum falls
more rapidly as the current density of operation

~operation is shorter at high current den51t1es
than at low current densities.

Attempts to overcome this “polarization” by
- reversing the direction of current in the cell are

of only limited value.
to restore momentarily the electrolytic activity
of the cell but fluorine production falls rapidly
to that under the previous condition of “polariza-
tion.”

In addition to these difficulties, traces of mois-
ture in the electrolyte seem to cause a violent dis-
turbance to the smooth generation of fluorine.

While there is some question as to whether such
difficulties are as troublesome at high tempera-
tures as at low temperatures, hich temperature
operation has other objections which render its
use uundesirable. Thus, although steel can be
uesd as a material of construction for operation
at temperatures below about 200° C., operation
at higher temperatures produces 1:00 rapid de-
struction of the metal to permit its practical use.
Carbon has been proposed for this purpose but
IS relatively costly and relatively fragile, and its
- use entails an increased charge for egquipment.

It is possible in this way
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is increased. Consequently, the useful period.of
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It is an object of the present invention to pro-
vide a method of using carbon anodes whereby

the difficulties of using such anodes are substan-

tially reduced, and the problems which arise in
low temperature operations involving their use
are solved. Further objects of the invention are
to improve the current efficiency and power ef-

ficiency of the electrolytic process for making

fluorine, and to accomplish these and other pur-
Pposes at relatively low cost.

In accordance with the present invention an
alkali-metal acid fluoride electrolyte is first sub-
jected to a conditioning treatment by electrolysis
employing g nickel anode, and the conditioned .
electrolyte is electrolyzed to produce fluorine
using a carbon anode. The conditioning treat-
ment may be conducted while the cell is operating

‘with a carbon anode or between operations with
25 a
tinuously or intermittently. Since nickel is con-
sumed much more rapidly when it is connected
anodically and only infrequent conditioning main-
tains a high level of efficiency, I prefer to effect

carbon anode and it may be conducted con-

the conditioning intermittently. Thus when the

efficiency of the electrolysis drops substantially,
electrolysis is- conducted for g short period with
‘& hickel anode. I have found that by this treat-

ment the electrolytic activity of the cell is re-
stored. After restoration of the cell activity, the

electrolysis may be conducted for g relatwely

long period of time before again becoming un-
productive.

‘The nickel anode can then be used
to restore the activity of the cell in the same man-

ner as previously, and this series of operations
can be continued practically indefinitely, the
electrolysis being conducted for long periods
using a carbon anode and for short periods using

a nickel anode.

The beneficial results of the electrelysm with

a nickel anode are obtained whether the same

carbon anode or a different carbon anode is em-~
ployed in subsequent periods of electrolysis.
Moreover, carbon anodes which are incapable of
producing ahy substantial quantlty of fluorine
initially can be used with g high ef iciency after
a preliminary conditioning of the electrolvte by
means of a nickel anode. .

The initial conditioning treatment is not merely
& dehydration of the electrolyte to remove final
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traces of moisture, for in some cases carbon
anodes do not perform satisfactorily even in an-
hyvdrous electrolvtes until after the nickel con-
ditioning ftreatment. Once an electrolyte has
been conditioned, the reconditioning periods re-
quired for maintaining satisfactory operation
are relatively short, constituting only a small
fraction of the total operating time of the cell.

The process of the present invention is par-
ticularly applicable to electrolyses at tempera-
tures between 90° and 200° C., using a potassiim
acid fluoride electrolyte containing pofassium
fluoride and hvdrogen fluoride in ratios between
about 135 and 3 molécules of HF for each mole-
cule of K. While the invention is not consid-
ered to be limtied to these conditions, the current
densities which may be obtained at temperatures
~below about 90° C. are relatively low, and as
previously explained temperatures higher than
200° C. are particularly destructive to equipment.
At temperatures between 90° and 200° C. the
necessity for maintaining a fluid electrolyte and
the desirability of avoiding an excessive quantity

of hydrogen fluoride in the gaseous fluoride prod-

uct dictate the use of electrolyies within the spec-
ified limits c¢f composition. The lower HF ratios
are applicable more particularly to the higher
operating temperatures and vice versa. For in-
stance, HF ratios of 1.8 to 2.0 are especially suit-
able for operating at temperatures of 100-110° C.
The addition of another alkali-metal fluoride,
e. g, lithium fluoride, to reduce the melting point
of the electrolyle does not interfere with the
satisfactory performance of the process and in
general the preferred temperatures and ratios of
HTF to total alkali-metal fluoride fall within those
specified for electrolytes containing potassium as
the sole alkali-metal.

Apparatuses suitable for carrying out the proc-
ess of the invention are illustrated diagrammati-
cally in Figures 1, 2 and 3 wherein

Figure 1 shows a perspective view of one form
of electrolytic cell with one end removed and
parts cut away to expose features of internal con-
struction and

Figures 2 and 3 show, respectively, a vertical
section (on line BB’ of Figure 3) and a horizontal
section (on line AA’ of Figure 2) of another form
of electrolytic cell for use in accordance with
the invention.

With particular reference to Figure 1 of the
drawing, the numeral | designates an electrolyte
container of generally rectangular form con-
structed of steel or other suitable material of
construction and having temperature control
jackets 2 on opposite sides thereof.

The container | is provided with a ftop 3 of
similar material having a rectangular steel or
Monel metal skirt 4 extending downward within
the container { and forming a separate chamber
for collecting fluorine.

Within the cell there are a pair of cathode
plates § and & which may be steel sheets brazed
to copper bars 7 and & suspended from electrical
connectors & and {0. Both of the cathodes 5 and
6 are located outside of the chamber formed by
skirt 4 and the connectors § and 18 pass up be-
tween this skirt and the side walls of the con-
tainer 1.

Between the two cathodes 5 and 6 a carbon
anode f{i is suspended from electrical connectors
12 and (3 which exitend upward through the
chamber formed by skirt 4.

At one end of the cell, a2 nickel rod 14 is pro-
vided, also located between the cathodes and
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extending up through the chamber formed by
skirt 4. This nickel rod forms its own electrical
connector. All of the electrical connectors 9, {8,
{2, 13 and {4 are electrically insulated from the
top 3 of the cell. At least one of the electrical
connectors {2 and {3 and the rod {8 connect with
means (not shown) for connecting a positive cur-
rent source to connector 12 or {3 and independ-
ently to rod 14 so that the latter can be used
periodically as ancde while anode {1 is used con-
tinuously.

Extending downward from the long sides of.
skirt 4 are a pair of diaphragms {9 and 16 com-
posed of Monel metal screen or preferably per-
forated Monel metal sheets. If desired, the dia-
phragm can be continued around the ends of the
anodes in the same manner as skirt 4. This pro-
vides somewhat greater rigidity for the dia-
phragm.

A pgas outlet conduit {7 for removal of the
fluorine product is provided in top 3 and com-
municates with the ancde chamber formed by
skirt 4. Outlet conduit 18 for removal of hydro-
gen is provided in top 3 and commumcates with
the cathode chamber.

For the addition of hydrogen fluoride to the
cell, a pair of pipes 19 and 2§ each connected 1o
a serrated distributor 21 are provided.

In operation of this cell to produce fiuorine,
the cell is filled to a point above the bottom of
skirt 4 with a suitable electrolyte such as a potas-
sium acid fluoride having the approxXimate com-
position KF.1.8HF. Because of the formation of
gas bubbles in the electrolyte, the electrolysis
causes the liquid level to rise to the operating
level L.

The cell is brought fo operating temperature,
about 120° C., and current is applied by the small
nickel ancde M and the cathodes 5 and 6 to con-
dition the electrolyte for electrolysis by the large
carbon anode 1. After the electrlyte is safis-
factorily conditioned, the current is switched
from anode {4 to anode {1 and the cell is oper-~
ated with a current flow between this anode and
the cathodes 5 and 6 until it is desired to recon-
dition the electrolyte.

During operation of the cell the operating tem-
perature is maintained by passing cooling fluid
through the jackets 2, and the hydrogen fluoride
content of the electrolyte is maintained by con-
tinuously or intermittently introducing makeup
hydrogen fluoride through inlets {8 and 20. The
gases produced by the cell are withdrawn through
outlets {1 and (8.

With reference to the apparatus illustrated in
Figures 2 and 3, the cell comprises a generally
rectangular vessel {0{ having cooling jackets 102
and 103 extending the length of the vessel 181,
and outlet 104 for fluorine, outlet 105 for hydro-
gen, and inlet 106 for hydrogen fluoride extend-
ing through the top. (1.

Projecting from the top 187 info the cell is a
rectangular skirt 198 ha_vm?' diaphragms {16 and
[l extending downward from its two long sides
and defining a central cathode chamber and two
anode chambers.

Two sfteel cathodes {12 and 113 are supported
by copper bus bars {i% and {18 connected o a
suitable current source (not shown) by way of
copper rods {17 and 18 extending up through
the top (07 and insulated therefrom.

Between the two cathodes, a cooling coil {19 is
provided to cool the elecirolyte in this region.

. On the left-hand side of the cell as viewed in
the drawing, an anode 128 composed of carbon
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i< supported by 2 copper bus bar 121, suspended

from copper rod 122, connected to a suitable cur-

rent source (not shown) . B
On the right-hand side of the cell, ¢
anode 123 18 supported
on a copper rod §25 also arranged
to the same current source as rod 122.
Tn Figure 2 the line VY’ represents the normal
level of electrolyte in the cell.

Example 1

To illustrate the peneficial effect of the process
of the invention, the results of a group Of de-
monstrative tests are plotted graphically in Figure
4 of the atiached drawings. Current densities
from 0 to 350 amperes. Der square foot are plotied
slong the horizontal axis and yoltages from 4 to
16 are plotted vertically. . |

The tests illustrated were conducted using &

' of steel charged with about
3 3 kilograms of a potassium acid fluoride of the
aperoximate composition ®F.1.8HF which varied
nmewhat during the test. The temperature was
maintained at about 110° C. The carbon (un-
craphitized) anodes used had an effective area of
17Y, sqguare inches and the nickel anode was 2
sirip of pure cathodic nickel with an effective
ares of 133 square inches.

Graph 1 shOWS the effect of voltage variation
upen current densities with @ new carbon anode
employed 1n an electrolyte which had been Sub-
jected 1o & preconditioning treatment by electrol-
ysis with & nickel anode. AS indicated by this
graph, an increase in current density from 100 to
955 amperes per square fool Was effected by an
increase of voltage from about 7.3 t0 8.8 -

The cell was then operated ior 31 hours.at &
current density maintained at about 200 amperes
per square toot. Craph 2 shows that after this
period of operation the operating characterisiics
of the carbon anode Were «till quite stable. ‘While
for the same cur-
rent density, an increase in current density from
100 to 22b amperes per square foot was effected
by a voltage rise from 7.5 to 9.8. i |

After the cell was operated 1or gnother 23 hours
af an approximately constant curtent density of

per square foot, furtner tests were

made and the values shown DY graph 3 were ok~

This graph shows that after 54 hours
anode was still capable of giving
to a current density of
sgquare foot. HOWEVEY
secure 2 higher

tained.
of operation, the
fair periormance up
about 210 amperes per
when an attempl was made to
current density by increasing the voltage, the
result was an abrupt decrease in the current
density to about 75 amperes per square foot at 2
voliage of about 12.4. Still further Increase in
the voltage railed to cause any substantial in-
crease in current density.

A second carbon anode similar
ployed in the tests illustrated by
9 wag operated ovel an extended period at a sub-
stantially constant current density of 160 am-
peres per SQUAare foot. After 74 hours of opera-=
tion under these conditions & test of the cell ab
various voltages gave the results shown by graph
This graph indicates that the maximum, then

to the one em-
oeraphs 1, 2 and
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obtainable cyrrent density was slichtly more then

100 amperes per square foot, and that further in-
crease in the ' _
cyrrent density, caused & reduction of current
density 1o & value approaching Zero. |

The carbon sanode was then replaced DY the
nickel anode, using the same cell and the same

70

75 cell.

graph 5. AS
the activity ot the

6

electrolyte, and the cell-was operated for about 3%

of an hour at & current density ol about 70 am-

neres per square foot of effective nickel anode

surface.- - - N - P
The nickel anode was then removed and Tre-

operation re-

anode when tested 1O determine the €
age on cyrrent density smmediately after restora—
tion of activity by +he nickel anode are shown DY
readily | this graph,
cell after this nickel anode
treatment was radically different from that showit
by graph 4 and closely approximated its activity
ofter the 31 hour period of operation shown by
oraph 2, with no recession of current density
even though the impressed voltage was sufficient
{o produce current densities substantially above
300 amperes per square foot and was several volts
higher than the critical point prior to the nickel
anode freatment. - |

Example 2

In a cell of the type iMustrated in Figures 2
and 3 and having an effective anode arca (one
side only) of 3% square feet of carbon (uneraphi-
tized) and a like area of nickel and charged
with 1500 pounds of KP.2HF electrolyte contain-
ing 2% Of LiP, fluorine WwWas generated at an
anodic current density between 14 and 72 am-
peres per squalc foot and a temperature between
100° C. and-109° . using the carbon anode 120
and the corresponding cathode {12 1o 47,500

ampere hours. During this period hydrogen
fluoride was added

periodically by way of inlet
106 to replace that consumed and evaporated. .
 Attemptis to INCreasce the current density above
square foot during this period
were unsuceessful, the. impression ol higher
voltages causing a definite drop in current den-
sity. | |

The cathode 112 and anode {20 were then
disconnected from the | the
cathode 113 and gnode |
operated for 315
114 amperes pet sguare
123 were then disconnected and electrodes 112
and 120 were reconnected. |
was operated ab current |
amperes per square foot without polarization for
many hours. Qver & considerable period these
high densities Were maintained by alternating
alectrolyses with the nickel anode and its
cathode after periods of 30,000 to 90,000 ampere |
houirs of operation with the carboxn anode and
its mating cathode. Out of more than 373,000
ampere hours of operatlon, only about 7,000
qmpere hours O nickel (less than 2% of the
total) were required O maintain gatisfactory
operation with at a current |
density of 140 amperes per square fool.

The jinvention 18 capable of application in other
types of eguipment as well as those described
 Thus instead of maintaining the elec-
trolyte In 2 single cell and alternating elec-
trodes, the electrolyte may pe withdrawn from
the carbon anode cell periodically, and passed
to g nickel anode cell for restoration of its ac-
tivity, and then veturned to the samec carbon
anode cell or & different one, Or the electrolyte
may be passed, either continuously Or intermit-
tently through a bank of cells, including & nickel
anode cell so that each increment of electrolyte
is periodically electrolyzed in the nickel anode
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It will bhe understood that T intend tg Include 6. Iri the maintifacture of fluorine by electrol-
variations ang modi-ﬁcations of the invention and ysis with g cathode and a carbon anode of an
that -the Drecegding CXamples are Hlustrations alkali-meta] acid fluoride electrolyte, the method
only and in no Wise to be construed as limita- Which comprises AOrst conditioning Sald electrolyte
tions upon the Invention, the SCOpe of which is 5 DY passing an electric current through said elec-

Ing an electrolyzing current through the cenl by terruption to reduce the polarization.

means of a eathode and a carbon anode and 7. The method of claim 6 wherein the eleciro-
briefly Interrupting saig electrolyzing step when is Iyte is a potassium hydrogen fluorige.
Polarization of the carbon anode occurs ang 8. In the Manufacture of Auorine by electro]-
Dassing a current through the cell by means of ysis of an alkali-metg] acid fluoride electrolyte,
& cathode and g nicke] anode during saig inter- the methog Which comprises electrolyzing saig
ruption to redyce said bolarization. elet;trolyte; by means of a cathode and carbon
2. In the manufacture of fuorine by eleciro]- 20 ahbdé,h&nd briefly i_nterrupting sald electrolysis
ySis of a potassium hydrogen flyoride electro-~ when polarization Of the carbon angge OCCUTrS

Iyte Cﬁnt&ining b&tween; LB andg 2.0 mMols of HF and p&SSII’lg an Eleﬁ;tric current through the elec-

PEr mol of KF 't'h_e electrolytic method which trolyte by means of g, cathode and nickel anode

comprises maintaining the elecirolyte in an elec- during said interruption to reduce said polar-
trolytic cell at g temperature Between 100° ang 25 ization.
110° C, ang passing an electrolyzing Current 8. The method of claim 8 Wherein the electro-

through the cell by means of a Cﬁethﬁ?d.ﬁ'aﬁd a Iyte is a potassium hydrogen fluoride.
' ' RALPH C. DOWNING.

anode occurs ang Passing a current through. the 30 REFERENCES CITED
cell hy means of g, cathode and 4 nickel anode . s | .
during said mﬁel’l‘llpt;im,l* to reduce said polariza- mgﬁ :gglilsm;lal};genlﬁfex €Nces are of record in the
tion. i S TR

3. A methed of decreasing the bolarization ef- UNITED STATES PATENTS
fect which arises in the electrolysis. of a potas- 35 Number Name Date
slum hydrogen Huoride electrolyte containing be- 371,698 Linder Mar. 15, 1991
tween 1% and 3 mols of HF DET Mol of KF in an 1484734 Mathers ot ol . Feb. 26, 1924
S cctrolybic cell utilizing a, carhon onode which  ylgar o Fredenhagen ______"Noy. 15, 1939
POMIDLISes passing a current through the cell by 2034458 Calcott et a1, Mar. 17, 1936
‘€ans of a cathode and g hickel anode while con- 0 TS e |
tih'uizig the elecirolysis With said earbon anode, | FOREIGN PATENTS

4. The method of claim 3 wherein the current Number Country Date
Is. passed through the cejj With the nicke} anode 493,873 Germany _______ Mar. 20, 1930
continuously during the electrolysis with the car- OTHER REFERENCES
bon anode. 45 o o

9. The method of claim 3 Wherein the current “Industrial ang Engineering Chemistry,” o1,

. '
H
=, . 4 °

mtermittently during the electrolysis with the
carbon anode.

is passed through the cel
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