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ESLECTROLYTEC PRO UCTION OF FELUGENE 

Car F. Swinehart, University Eleights, Ohio, as 
siga or to The Sashaw. Chemical Corpany, 
(Cieweiani, Ohio, a corporation of Ohio 

Original applicatiosa Recenber 17, 1947, Seria No. 
792,248. 
8, 1949, Serial No. 25,53? 

(C. 204-6) 5. (Caisas. 

This invention relates to the manufacture of 
fluorine and more especially to a process for 
generating elemental fluorine by the electrolysis 
of hydrogen fluoride in an electrolyte comprising 
hydrogen fiuoride and potassium fluoride. 
This application is a division of my copending 

application Serial No. 792,248, filed December 17, 
1947, as is also my copending application Serial 
No. 75,138, filed Feb. 8, 1949. 
In the past, great difficulty has been experienced 

in the generation of fluorine by electrolysis of 
hydrogen fluoride due to the extremely corrosive 
nature of fluorine and hydrogen fluoride and to 
polarization effects; and, especially, difficulty has 
been encountered in Securing Satisfactory results 
both initially and over extended periods of time. 
Accordingly, the principal object of the invention 
is to reduce objectionable corrosion and polariza 
tion whereby to enable smooth starting and long 
continued production of fuorine with a minimum 
of polarization difficulties. 
More Specifically, an object of the invention is 

to provide improved cell operation by the use of 
a special anode in cornbination with the electro 
lyte above indicated, such anode being provided 
With a thin coating of nickel on a carbon anode 
body which may or may not be copper-filled ac 
cording to choice whereby such anode effective 
ly is initiailly a nickel anode and after a period 
of operation sufficient to eliminate water from 
the electrolyte becomes a carbon anode during 
Subsed lent operation. 
Other and more limiting objects will be in part 

apparent and in part pointed out hereinafter in 
connection with the accompanying drawings 
wherein the figure is a central vertical Section 
taken through the vertical axis of a cylindrical 
ce in connection with which the invention is 
realized. 

Referring now to the drawing, the numera 
indicates a receptacle adapted to contain a heat 
transfer Inedium. Such as Water for maintaining 
a Suitable operating temperature. Supported on 
the upper rim of the cylinder Wall of the recep 
tacle 5 is a cover provided with an annular 
rib 3 Serving as a positioning element. Extend 
ing upwardly fron the cover element and sur 
rounding a central opening therein is a flange 
3 adapted to support and position the cell proper. 
The cell proper may consist of a cylindrical re 
ceptacle 4 having an annular flange 5 Welded 
thereto at its upper end and adapted to rest 
upon the flange 3 for Support. The flange 5 
may be secured to the receptacle 4 by welding 
as indicated at 86. Secured to the flange. 5. by 
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suitable bolts is a cover plate 8. In order 
to form a gas-tight cell between the flange 5 
and the cover plate 8, there is provided a gasket 
which ray take the form of a soft copper Wire 
ring 9. 
Sealed through the cover plate 3 is a Sup 

porting device 2 for the Special anode 2. This 
device inay consist of a rod 22. having a collar 
23, and a threaded upper end 24. Received on the 
rod 22 and abutting against the collar 23 is a 
lower gasket 25 engaging the lower Surface of 
the cover plate 8. Also received on the rod 22 
is an upper gasket 26 engaging the upper Sur 
face of the cover plate 8. The nut 2 Serves 
to camp the gaskets in sealing relation as indi 
cated. The anode 2 is provided at its upper end 
With a drill hole 2. Within Which is tightly re 
ceived the lower end of the rod 22. In order to 
secure good contact between the anode 2 and 
the rod 22 a reenforcing band 29, which may be 
of copper, is placed on the upper end of the 
copper filled carbon anode. 
The preferred anode is nade up by first shaping 

a porous carbon body, placing the same in a 
vacuum vessel containing molten copper and, aft 
er the gases have been exhausted from the porous 
carbon body, immersing the latter in the molten 
copper. In this way the pores of the carbon rod 
are filled with copper So that there is provided a 
carbora matrix filled with copper with both carbon 
and copper being continuous throughout. The 
drill hole 28 is then formed in the copper filed 
carbon cylinder and the rod 22 is pressed into 
glace, and the reenforcing band 29 is applied. 
The resulting carbon anode is then placed in a 
nickel plating Solution and a thin coating of 
nickel 32 is applied. While the thickness of the 
cCating 35 is not sharply critical, it should be 
a thin coating and preferably is of the order of 
fronn (.00002 to 0.0001 of an inch. 
Also sealed through the cover plate 8 are three 

rods 3 (Ginly one thereof being shown for clarity 
of illustration) serving as Supports for the cath 
ode 32 which may be perforated sheet metal or 
Wire Screen. The rods 3 are provided with col 
lars 33 and threaded upper ends 34 whereby the 
nut 35 serves to clarinp gasketS 3 and 3 against 
the lower and upier Surfaces of the cover plate 
;3. Interposed between the anode 2 and the 
Cathode 32 is a cylindrical partition made up of 
& Wall 38 which is in perforate and a Screen por 
tion 39 which is perforated or reticulated. This 
partition Serves to Separate the cell into an ano 
lyte compartment and a catholyte compartment. 
The screen permits interchange of electrolyte 
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and the migration of ions but serves to deflect 
the gases generated by electrolysis from passage 
between the anolyte and catholyte compartmentS. 
An exit pipe 40 leads out of the Catholyte Com 
partment while a similar exit pipe 4 leads out 
of the anolyte compartment. A filling opening 
(not shown) may be provided for the introduc 
tion of electrolyte or components thereof to the 
cell. This, in its simplest form, may be simply 
a threaded opening in the cover plate 8 provided 
with a threaded plug for sealing it when the 
cell is in use. It then becomes possible to intro 
duce such materials beneath the surface of the 
electrolyte if desired by introducing a conduit 
through such openings to a point below the Sur 
face. 
The operation of the cell above described in 

the manner now to be set forth, embodies the 
process Which constitutes the present invention. 
This process comprises passing current through 
an electrolyte comprising KF and HF preferably 
in proportion from 1.75 to 2.1 mols of HF per 
mol of KF and preferably containing from 0.8 to 
0.1% of LiF by weight based upon the combined 
weight of KF and HF, and between a carbon 
anode (porous or copper-filled) and a cathode, 
the anode being initially coated with a thin coat 
ing of metallic nickel, and continuing to pass cur 
lent between Said anode and cathode after said 
coating of metallic nickel has disintegrated. This 
proceSS aSSumes that the electrolyte, as made up, 
Will contain a proportion of water unavoidably 
introduced as impurity in the materials making 
up the electrolyte, especially the anhydrous HF 
(which usually contains from .005% to .01% water. 
The initial moisture content may be substan 
tially more than usual impurity without interfer 
ing With Successful operation of the present 
process since the excess will be electrolyzed away 
before nickel begins to corrode. After the mois 
ture content has been reduced to a point where 
corrosion of the nickel begins, or, as is usually the 
case, the moisture content is already at that point, 
there is ordinarily still too much moisture for 
SucceSSful Calrbon anode operation. Just what the 
maximum allowable moisture concentration for 
carbon anode Operation is I have not been able to 
ascertain on a quantitative basis, but I have found 
that after the electrolyte has been "broken in' 
the addition of a Small per cent of the volume of 
the electrolyte (less than 5% by weight, pref 
erably i% to 2% by weight) of HF containing as 
much as .0% water can be made without raising 
the moisture content of the entire body of elec 
trolyte too much for operation with the novel 
anode. The Same is true With a similar anode not 
having the nickel plate if somehow the “breaking 
in' has been Successfully accomplished, although 
the nickel plated anode, even after the nickel 
coating has disintegrated is in my experience less 
likely to exhibit unwetted areas when removed 
from the electrolyte. It appears that when an 
anode has been once polarized, it never conducts 
current as well as the anode according to the 
present invention which does not polarize in the 
initial cell operation. Anodes according to the 
invention are rated at 50 amperes (at 10 volts) 
conservatively and frequently carry 70 or even 
more at that voltage as compared with 20 or pos 
Sibly leSS for an anode of the same size and con 
Struction but not nickel plated. The amount of 
current Seems to be proportioned to the Wetted 
area of the anode. The mere fact that an anode 
has never polarized would not appear to be a 
Sufficient explanation for continued high current 

5 

O 

5 

20 

25 

30 

40 

(60 

70 

75 

4 
carrying power and I believe that after the dis 
integration of the nickel metal coating there may 
remain some part of the nickel in the form of 
nickel fluoride or Some complex with other com 
pounds present. in any event, there definitely is 
improved freedom from polarization and con 
tinued improved current carrying power. 
While I have shown and described a Suitable 

fluorine cell in connection. With which my inven 
tion may be realized, it is to be understood that 
cells of other design could be used. The elec 
trolyte described gives a very successful result, 
but the invention can be realized more or less 
Well in connection with the use of electrolytes of 
different composition, for example HF and KF in 
the proportions indicated but with Omission of 
LiF. While the nickel coated, copper-filled car 
bon anode is the most satisfactory, it is possible to 
realize the invention in connection with a nickel 
coated carbon anode which is not copper-filled. 
While the nickel coated carbon anode is essential, 
the pl"esent invention does not reside in the anode 
as an article of manufacture but in the process 
Whereby Such an anode is utilized in a hydrogen 
fluoride-alkali metal fluoride electrolyte and the 
operation of the cell for a period of time more 
than Sufficient to consume or disintegrate the 
metallic nickel coating on the anode. An anode 
of the construction described above might be used 
in other connections, and that construction forms 
the Subject matter of another divisional applica 
tion of the Same parent application, both being 
identified above, 

Having thus described my invention, what I 
claim is: 

1. A process of generating fluorine comprising 
passing current through an electrolyte compris 
ing KF and HF and containing from .005% to 
.01%, based upon the HF content, of water as an 
impurity between a carbon anode and a cathode, 
said anode being initially coated with a thin 
coating of metallic nickel, and continuing to pass 
current between said anode and cathode after 
said coating of metallic nickel has disintegrated. 

2. A process of generating fluorine comprising 
paSSing current through an electrolyte comprising 
KF and HF and from .005% to .01%, based upon 
the HF Content, of water between a carbon anode 
and a cathode, said anode being initially coated 
With a thin coating of metallic nickel, and con 
tinuing to pass current between said anode and 
cathode after said coating of metallic nickel has 
disintegrated, KF and HF being present in said 
electrolyte in proportion from 1.75 to 2.1 mols of 
HF per mol of KF. 

3. A process of generating fluorine comprising 
passing Current through an electrolyte compris. 
ing KF and HF in proportion of from 1.75 to 2.1 
mols of HF per mol of KF and from 0.8 to 0.1% 
of LiF by weight based upon the combined weight 
of KF and HF and from .005 to .01%, based upon 
the HF content, of water between a carbon anode 
and a cathode, Said anode being initially coated 
with a thin coating of metallic nickel, and con 
tinuing to pass current between said anode and 
cathode after said coating of metallic nickel has 
disintegrated. 

4. A process of generating fluorine comprising 
passing current through an electrolyte compris 
ing KF and HF in proportion of from 1.75 to 2.1 
mols of HF per mol of KF and 0.8 to 0.1% by LiF 
by Weight based upon the combined weight of KF 
and HF and from .005% to .01%, based upon the 
Weight of HF, of water between a carbon anode 
and a cathode, Said anode being composed of 
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porous carbon impregnated with metallic copper 
and initially coated with a coating of metallic 
nickel of a thickness from .00002 to .000 of an 
inch, continuing to pass current between said 
anode and cathode after said coating of metallic 
nickel has disintegrated and thereafter adding s 
HF containing water in proportion from .005% to 
0.01% by weight said HF being added in Small 
increments, each being less than 5% of the 
Volume of the entire body of electrolyte. 

5. A process of generating fluorine comprising 
passing current through an electrolyte compris 
ing KF aind HF in proportion of from 1.75 to 2.1 
mols of HF per mol of KF and 0.8 to 0.1% of TiF 
by weight based upon the combined weight of 
KF and HF and from .005% to .01%, based 
upon the weight of HF, of water between a carbon 
anode and a cathode in a fluorine cell containing 
a single anode, Said anode being composed of 
porous carbon impregnated with metallic copper 
and initially coated with a coating of metallic 
nickel of a thickness from .00002 to .0001 of an 
inch, continuing to pass current between Said 
anode and cathode after said coating of metallic 
nickel has disintegrated and thereafter adding 
HF containing water in proportion from .005% to 
0.01% by weight Said HF being added in Small 
increments, each being less than 5% of the 
volume of the entire body of electrolyte. 

CARL F. SWNEHART. 

O 

5 

20 

25 

30 

6 
REFERENCES CTED 

ihe following references are of record in the 
file of this patent: 

UNITED STATES PATENS 
Number Name Date 
Re. 7,489 Hermann et al. ------ Feb. 6, 1877 
1,299,846 McCoy ------------- Apr. 8, 1919 
2,422,590 Schumb et al. ------ June 17, 1947 

FOREIGN PATENTS 
Number Country Date 

133,882 Great Britain ------ Oct. 23, 1919 
829,474 France ------------ June 28, 1938 

OTHER REFERENCES 

Pinkston, Ind. and Eng. Chem., vol. 39 (1947), 
pp. 255-258. 
Murray et al., Ind. and Eng. Chem, Vol. 39 

(1947), pp. 249-254. 
Schumb et al., Ind. and Eng. Chem, vol. 39 

(1947), pp. 244-248. 
Downing et al., Ind. and Eng. Chem., vol. 39 

(1947), pp. 259-262. 

  


