March 17, 1936.

W. S. CALCOTT ET AL

2,034,458

PROCESS AND APPARATUS

Filed Oct. 31, 1932

33

3 Sheets-Sheet 1

—74 -5
76 156
' 52
| o /
[76, 76 72 120
U 58 62 |
i da | gei63
T68 38 . 1
5168 5 ‘
42 20 2840
6
22/ \¢ |
\ 131 )
> N TR
el N 22
24
4 &8
190
N
10 \
[ o
92 34 |
2 18 ' i) .
| s INVENTORS
' Fis 1 u)lumm 3 Calcoﬂ :

CATI“’\OI‘IL] F Bennm(i

M TTORNEY



March 17, 1836.

W. §. CALCOTT ET AL,
PROCESS AND APPARATUS

2,034,458

Filed Oct. 31,1932 3 Shestg-Sheet 2

A
7

' 913 i 1 N
— Flﬂ A1

| U)i“iam SC alco“v II;IVE:NTOR.S
n“igxl} F.Benninci ‘ -

75 ATTORNEY. *



March 17, 1936. W. S. CALCOTT ET AL 2,034,458
4 PROCESS AND APPARATUS : ' ‘
| Filed Oct. 31, 1932 . 5 Sheets-Sheet 5 .
298 o |

e
| nﬁw

" ATTORNEY



Patented Mar. 17, 1936 '

2,034,458

UNITED STATES PATENT OFFICE

PROCESS AND APPARATUS

William S. Calcoté and Anthony F. Benning,
Pennsgrove, N. J., assignors to E. I. du Pont de
Nemours & Company, Wilmingtoen, Del., a cor-

. poration of Delaware

Application October 31, 1932, Serial No. 640,554

27 Claims. (CI. 204—9)

‘This invention relates to fluorine, and a process

for the production théreof. It further relates to-

an sapparatus suitable for the production of
fluorine, i _

5 It is an object of the invention to provide a new
and improved type of apparatus suitable for the
production of filuorine. A further object is the
provision of a new and improved process for the
production of fluorine. Other objects are the

10 provision of a practical fluorine cell, the con-
struction of an apparatus for the electrolysis of

* substantially anhydrous. hydrofiuoric acid, - the.

-construction of an apparatus in which anhydrous

hydrofluoric acid can be electrolyzed by an inter--

15 mittent and/or continuous process, and the con-
struction of new and useful indicating and safety
devices for a flilorine cell. Other objects will ap-
pear hereinafter. .

These objects are accomplished by the electrol-

20 ysis of substantially anhydrous hydrofiuoric acid
in an electrolytic cell in which the electrodes are
not substantially attacked by fluorine and/or
hydrofiuoric acid. . - .

The character of the apparatus falling within

o5 the invention is subject to considerable variation
and modification in the manner of its practical

 construction but may be illustrated by the various

~ forms of apparatus shown in the accompanying
~ drawings, in which similar numbers refer to simi-

39 lar parts throughout the several views and the de-
scription thereof. = - o

In the drawings: : .
Fig. 1is a side view partly in sectiori and some-
what diagrammatic of one form of the apparatus

_ 33 for carrying out the invention. .

Fig. 2 is a view partly in section of a modified

. ;(;rm of a portion of the apparatus shown in
g. 1 .

" Fig. 3 is a perspective view partly in section of

49 certain portions of the epparatus shown in Fig. 1.

Fig. 4 is a modified form of a portion of the in-
dicating apparatus shown in Fig, 1. ’

Fig. 5 is another modification of the indicating '

B apparatus shown in Fig. 1. .
43 Fig. 6 is a view partly in section of a portion

of the indicating apparatus shown in Fig. 1.
Fig. 7 is & modification of a portion of the indi-

cating apparatus shown in Figs. 1 and 6. -

Fig. 8 is a view partly in section showing a mod-
50 ified arrangement of a porfion of the indicating
and electrolyzing apparatus illustrated in Fig. 1.
Fig. 9 is a perspective view showing means for

the circulation of the liquids within the ap_pa.ratus_,

fllustrated in Fig. 1. _ : _
55 Fig. 10 is a sectional view of a portion of the

apparatus illustrated in Fig. 2 showing a modified
means for maintaining one of the electrodes in
position.

Fig. 11 is another sectional view showing a still
further modifled arrangement for maintaihing g
one of the electrodes, illustrated in Fig. 2, in posi- -
tion. .

. Referring to Fig. 1 of the drawings, the appa~
ratus illustrated comprises a container 2 in which
the electrolyte is held. A removable fop or cover jg

& is attached to the outer casing of container 2

by a suitable fastening means, such as indicated

at 6. The casing 2 is surrounded by a jacket 8
having an inlet 10 and an outlet {2 which permit
the circulation of a heating or cooling fluid'in 35
heat exchange relationship for the purpose of ~
maintaining the desired temperature within the
cell. The cover § has s depending annular par-
tition consisting of a solid metal wall 13 from.
which there depends 2 diaphragm in the form of 20
screen 14. This snnular partition divides the
cell into two compartments. . Within the inner
compartment and attached to the top by suitable
mesans is an anode 16. The anode compartment

‘has an opening at {8 for the eniry of electrolyte 28

material, an opening 20, for the escape of lib-
erated fluorine and an opening 22 which is con-
nected with the electrolyte level indicating device
herein described. Within the outer compart-
ment and attached to the top by suitable insulat- 80
ing means is a cathode 24 shown in the drawings
as a screen. attached to vertical rods, such as in-
dicated at 26. These rods are held in position
by suitable stuffing box devices indicated at 28..
A packing substance 30 within the stuffing box 35
device serves to insulate the cathode 24 from the
cover 4. The cathode compartment has open- -
ings 32 and 34 for the admission of the electrolyte
substance and an opening 36 for the escape of
liberated hydrogen. i 40
Tn normal operation, the cell is preferably filled
with the electroylte to about the level indicated
in Fig. 1, although the liquid level may vary
widely. An electrolyzing current is supplied to
the cell walls and top at a convenient terminal 45
such: as shown at 38 to cathode 24 by a suitable
connection 40. Flourine is liberated-at the anode
and escapes through opening 20 into a connect-
ing line 42. This line is branched as shown at
44, one branch connecting with a U shaped ma- 50
nometer tube 46, containing a suitable fluid 48 .
such- as, for example, anhydrous hydrofiouric
acid saturated with a soluble fiuoride. The other

- branch is connected to a trap 50. The fluorine

leaving the anode compartment passes through 58



- after through Hne 52 into coil 54 to 8 suitable -
- Storage container (not shown). -Coil 54 is sur--
:rounded by & cooling substance (not shown) ‘heid

5

. any substance. liquefying
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Y at the other with trap

>

2 L
opening 20 and line 42 into trap 50 and there-

in container 56." Coil 54 is preferably sufficiently
large in internal diameter so that. Hourine may
- pass through and-at the same time. may allow
in the coil, for:example,
* hydrofiuoric acid to return to the trap 50.. Trap

<80 has: a bottom outlet 58 “branching :into~two-
68 and 82. If it is desired to Tretfirn the-

" lines
condensate to the top of the anode compartment,
valve 64 in line 62 is closed and valve 66 in‘line 60
Is opened, causing the condensate to. enter the
-anode compartment through line 42 and opening
20.. If desired, by closing valve 66 and opening
‘valve 64, the condensed materia} may be passad
through line 62, so that it enters the bottom of
the anode compartment through opening 8.

The hydrogen liberated in the cathode com-
bartment together with other gases or vapors
present, such gs hydrofluoric acld, passes upwards

through opening 36 and line 68 into line 70, which -

is connected at one end with manometer 46 and

72, From line 70, the

" vapors pass into trap 12 and then into coil 74
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. Ing at the top 86 connected to the opening 22 at .

S -

b

which is surrounded by a suitable coiling medium -
(not shown). held in container 76, The tempera-~

ture of coil 14, as well as that of coil 54 is prefer-
ably such as to condense vapors of hydrofluoric
acld. Coll 14, as in the case.of coil 54, is prefer-
ably sufficiently large to allow gases to pass up-

ward and the condensate to flow downward at the -
same time. The condensate collected ‘in trap 12
. ‘may be returned to the cathode compartment -

through the bottom outlet 15, line 11, valve 18, line
68 and opening 36 (valve 80 being closed). -If de=
sired, all or a part of the condensate from trap 12
may be retlrned-to the bottom of the cathode
-compartment instead of the top by closing valve
- 18 and opening valve 80, thereby causing the con-
densate to pass through line §2 and enter: the
cathode compartment through opening 32,

A liquid level indicating device is provided to

indicate the level of the elecirolyte in the cell.
‘This device consists.of a well 8§ having an open-

“the top of the anode corapartment by means of a
line 88 and also having an opening at the bottom
through line 90 which connects with line 92, en-

‘tering the cathode compartment thirough opening

. 34 so that the level of ‘the electrolyte in well 84 is

56

6

(=]

the same as the electrolyte level in the'container

‘2. Extending different depths into well' 84 are’
& series of wires generally indicated at 94 which .

are separately connected to terminals 93. The

wires generally indicated at 94 are insulated in &

-suitable manner from the well at the top 85. -A

current source (not shown) is connected to indi-.

cator 87 through line 98-and also-to.the wall of

well 84 through a wire 99, The depth of .the: ",
- electrolyte is. then determined by moving the"

“selector switch 96 in_contact with the terminals

e
-, 70

75

. 84 is shown on indicator 87. :
" The cell operation may be Intermittent

93 until & current through the electrolyte in well

“tinuous, as-desired. "The design of the -apparatus

may be varied considerably. It may be desirable,
‘to force the condensate from con-

for instance, '
densers 54 and.74’ through lines §2 and 82, re-
- spectively, by means of pumps (not shown) con-
nected in said lines; If desired, the electrolyte
-may be introdueed into the cell or replenished, for-
- example, by the addition of hydrofiuoric .acid,
through valved inlets 33,63 and 83. - -

or con-

" light ‘bulbs,

2,034,458

The modification of apparatus shown in Fig. 2
shows the anode and the'ca,thqde reversed, i. e.,
‘the cathode compartment in the central portion
of the cell with the anode compartment surround-
“ing-it. ‘In Fig. 2, the-container 102 is provided

- with a cover 104 held in place by a suitable fas-
tening ‘means; such .as indicated at 106. As.in
Fig. 1, the container is surrounded by a jacket 108

‘-having.an inlet 110 and an outlet 112 which per-

5

-Aalt: the circulation:of ‘a’ fluid in heat exchange 10

Télationship for the purpose of maintaining the
~desired temperature within the cell, - The top or
“cover 104 has a depending annular partition con-
sisting of a . wall 113 having a depending screen
114, dividing the cell into two compartments,
Within the inner compartment and attached
to the top by a suitable means, such as indicated
at 115 is a cathode 124 shown in the form of an
annular screen or grid extending nearly to the
bottom of the cell,
the cover by means of a suitable insulating medi-
um held in a stufing box 128. The cathode com-
bariment has an opening {23 connected to a lig-
uid level indicating device (not shown) such s
described with reference to Fig. 1, and a second
opening 136 for the escape of the gases formed
during operation of the cell, This second open-
ing 136 is connected to a condenser (not shown)
such as described with reference to Fig. 1, and if
' desired, the. condensate from said condenser may
.be allowed to run into the cathode compartment
through this opening. Alternatively, as indicated
in the description of Fig. 1, the condensate may
be returned to the cathode compartment at the
bottom through line 132 and opening 134,
Within the outer compartment and attached
to the top 104 is an-anode 116 attached to verti-
cal rods i26. The anode compartment has an
- opening at the top through line 120 which serves
as an outlet fer fluorine liberated at the anode.
Line 120 may be .connected to a ‘suitable trap

and condenser (not.shown)-such as described.

with reference to Fig, 1, and if desired, the con-
densate may be returned. to the anode compart-
ment through this line. Alternatively, the ‘con-
densate may be introduced into the bottom of
the anode compartment through line 162 and
opening 118. Line 192 is similar to line 92 in Fig.
"1 and extends to a liquid level indicating device
(not shown) and a reservoir of the electrolyte
" (not shown) as in Fig.-1. The cell is operated
--by an-electrolyzing. current introduced through
. conveniently placed terminals, as shown, for ex-
ample. at-138 and 140. The features of the ap-
paratus‘of Fig. 2, which are not shown, may be
similar-to those described in Fig, 1. The opera-
.tlon of the cells described in Figs. 1 and 2 may be
substantially the same as regards the kind and
amount of electrolyte, the current density, and
the temperatures and pressures of operation.
. In Fig..3, certain portions of the apparatus
ilustrated in' Fig:. 1 are

~ These are the container 2, the cathode 24, and the

15

The cathode is insulated from 20

25
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shown in perspective, .

_partition ‘between' the cathode and the anode

which consists of an.
pending from a metal wall 13 attached to the
. cover 4.. 'The anode in Fig. 3 is indicated at 8§,
- 'The. modification of the-liquid level indicating
device shownin Fig. 4, differs from that shown
In Fig. 1. in that the wireg 294 C 1=
‘nected to terminals' 293 and extended different
. depths into the electrolyte well 284 each contain
indicating devices ‘287, as for example -electric

annular wire screen {4 de- ©

which are con- 70

Wires to a source of current are .
- shown at 288 and 289, safd wires being connected 75
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to the selector switch 208 and the well 284, re-

“'spectively. For convenience of illustration, por-

tions of the well 284 and the wires 296 are broken
away. The wires 294 are insilated from well 284
by any suitable means, e. g., s hereinafter de-
scribed with reference to Figs. 6 and 7. The op-
eration of this liquid level indicating device Is
substantially the same as that shown ™t Fig. 1..
In the modification of the electrolyte level in-
dicating. device shown in Fig. 5, a solenoid 400 is
connected at one end to the electrolyte. well 384
(shown with parts broken away) and at the other
to a source of current by means of a wire 398,

The other wire from the source of current is con--
‘nected to a selector switch 396 by means of a wire

398. Selector switch 396 may be moved in order
to contact the terminals 393 of tlte wires gen-
erally indicated’ at.394, which extend different
depths into the electrolyte well 384. Wires 384

are insulated from well 384- by any convenient,

method. When a current passes through the
solenoid, the piston 391 is drawn inward closing
a battery circuit 389 connected to an indicator
391, : . .

Figure 6 illustrates a method of insulating the
wires 494 which extend to different depths into
the electrolyte well 484. This insulation is ef-

‘fected in any suitable mahner, e. g., by means of

plugs consisting of a mixture of powdered alumi-
num fluoride and a wax such a&s ceresin generally
indicated at 495. A modification of the method

of insulation is shown in Fig. 7 wherein the wire -

. indicated at 594 leading into the electrolyte well

35

- 40

GO

584 passes through a packing box 535 containing
the insulating composition. . The remaining wires
(not shown) may be similarly insulated.

If desired, the liquid level indicating device may .

be included directly in the cell container. This is
{llustrated, for example, in Fig. 8 which shows
an upper corner of the cell partly in section and
with parts broken away. In Fig. 8, the cell con-

tainer is indicated at 602 and the top 604 is suit-
ably fastened, for example, by means of holts
“such as shown at 606. A depending wing 605

forms an electrolyte well with the casing 602.
The. wires 694 connected to a suitable indicating

~ device, e. g, such as described in Figs. 1, 4 and 5,
_.extend different depths into this electrolyte well -

through an insulator §88.
It may be desirable to
to prevent local concentration. This may be ef-

fected by suitable mechanical means or by cir- .
culation of the electrolyte, e. g., as:illustrated in'
Fig. 9. InFig. 9 a line 127 is shown leading from. -
the bottom of the cell 702 to & pump 129 which in..
turn connects to a point higher in the cell through-

a line T31. . The electrolyte may thus be circu-
lated intermittently or continuously.

~"In Fig. 10, an upper corner of the cell is shown'
partly in section and with parts broken away,.

fllustrating 'a modification of the apparatus de-

. scribed in Fig. 2. . The portions shown are a part
. of the casing 802 and a part of the top 804 which

75

i5 held in position by a fastening device such as
indicated at 808. A part of the partition wall
813 is also shown with parts broken-away. Ac-

cording to

is welded to the casing 802." _ )
Another modification of the method of fasten-
ing the anode within the cell of Fig. 2 18 shown

in Mg. 11 in which the casing is indicated at 802,

the top at 904, the partition at 813 and the anode

at 918, all with parts broken away. The top is.

|

agitate. the ‘electrolyte -

- with. reference

this modification, the anode, shown.
with parts broken away at 818, is welded to &
- projecting fastening device 817 which in turn

held.in position by

Ty

a fastening mesns such as -

shown at 806. In this modification, an L shaped -

pigce such as shown at 817 is f-fa§t6i;ed to the
anode and another L shaped piece 819 in inverted

position is fastened to the casing 902. By allow-

ing the L piece 917 to rest on the inverted L 819, -
the anode may be held in position and at the -

same time be easily removable, as desired.

Tt will be recognized that the design of the ap-
paratus above described may: be varied widely as
to mechanical details. U 3

The anode may be constructéd of any electri-
cally conducting solid material “which'is non-
polarizing under the conditions of operation and,
at the same time, is resistant to the action of

very highly desirable results. -In practice, we
have found that a cell having a substantially
pure nickel anode may be operated continuously

or . intermittently over a long period of time..

Nickel alloys, preferably containing materials
other than nickel in relatively small amounts,

10

15

- hydrofluoric acid and fluorine.  Nickel has given = -

20

may be used as anode materials. Metals which .

may be alloyed with nickel for this purpose are,

for example, iron, chromium, and/or cobalt. - The

amount of nickel which should be present in a-

nickel alloy to give desirable results may be de-
termined by empirical tests. In general, the

" proportion of nickel should be sufficiently high to

render the alloy non-polarizing under the condi-
tions of reaction. The use of an anode contain-
ing nickel in & cell of this type‘iq apparently novel.
It should be noted that many materials of con-
struction such as platinum or graphite which are

" useful as anode materials in many types of elec-

25

30

trolytic cells are practically -worthless - for-the =~ .

commercial electrolysis of anhydrous ‘hydroflu-

to the action of hydrofiuoric acid and fluorine, .
‘' The cathode may.be constructed of -any electri-

_cally conducting solid material which is resistant

to the action of anhydrolis hydrofluoric acid.and
hydrogen. As specific examples of materials of

~ construction which may be ‘emyployed may be

mentioned: iron (including grey and white cast

.iron), nickel, cobalt, copper, chromium, magnesi-

um and alloys of any two or more of these met-

oric acid since they are not. sufficiently resistant

- 40

45

als. .In operating the cell with:a nickel anode -

_and an-iron cathode, it has been noted that the
nickel may plate out onthe iron at the begin-

ning of the operation. - If desired; & nickel plated

cathode may be :used initially. . In general, it is

preferable to use a cathode constructed of iron or -

aniron alloy.:

The partition sebaratiné'» the im@qé ﬁnd’f cath-.
ode compartments may -be ‘constructed .of -any.

non-anodic mateérial resistant to.-the action of
anhydrous hydrofluoric acid, fluorine and hydro-
gen. As indicated by the foregoing description
‘to--the. drawings, this partition
above the level of the-electrolyte. should prefer-

~ ably be & non-pervious or gas-tight wall, since it
. is desirable at all times.to. prevent.thie combina-
‘tion of gaseous flusiine and hydrogen, which may-

occur with explesive violence. -Below the level
of the electrolyte, the partition between the anode .

in the form of & pervious diaphragm, as for ex-

ample, a screen or-grid having’ sufficiently*small -
spertures to prevent the:passage of large bubbles
“of fluorine. 'The whole partition i3 preferably .

.and cathode compartments should preferably be ... ‘

constructed of a metal resistant to-the action of .
hydrofivoric acid, fluorine and. hydrogen.  That

part of the partition above the surface of the elec-
trolyte may or may not-be of the same mate-

-~

%
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rials as that part extending below the surface of
the electrolyte. If desired, the partition may be
insulated from the cell casing. In general, how-
ever, it is preferable to employ a metal partition
connected directly to the top of the cell, as illus-
trated in the drawings and previously described.
As examples of metals of construction - for the
partition may be mentioned iron (including white
and grey cast iron), steel, cobalt, chromium or
anodically passive alloys of these metals with
each other and/or nickel, Especially 'desirable

- Tesults have béen obtained in the use of parti-

15

20
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‘anode and cathode compartments.
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tions constructed of iron and steel. Where g cast

iron has been used' slightly better results have -

been obtained with white cast iron than with
grey cast iron. ]

The container or casing of the cell and the
cover may likewise be constructed of any non-
anodic materials resistant to the action of an-
hydrous hydrofiuoric acid, fluorine and hydrogen.
Very highly desirable results have been obtained
in the use of metals for this purpose. As specific
examples of metals which may be employed may
be-mentioned iron, steel, cobalt, chromium, mag-
nesium,.copper and alloys of any two or more of
these metals, or anodically passive alloys of any
one or more of these metals with nickel. Par-
ticularly desirable results have been obtained in
the use of iron, steel and alloys thereof. In op-
eration, the container may be electrically insu-~
lated from the anode or from the cathode or from
both. For convenience of construction, as well
as from the standpoint of corrosion, however, it
has been found that especially desirable results
are obtained in the construction of a cell consist-
ing of a metal container, an anode, a cathode and
a metal partition between the anode and cathode
compartments of the character described, in
which the anode and the metal partition are al-
ways electrically connected to the metal casing
of the container and the cathode is always elec-
trically insulated. Certain of the specific metals
which have been described as being.useful in the
construction of the metal container and the par-
tition between the anode and cathode compart-
ments are characterized by the property that they
become passive or polarize when an electrolyzing
current is passed through them in contact with
anhydrous hydrofluoric acid. Hence, by having
the metal container and the partition connected
to the anode and constructed of metals of this
character, these portions of the apparatus are al-
ways anodically passive. The use of anodically
passive metals apparently tends to minimize cor-
rosion. "Insofar as is'known, this type of con-
struction is novel in an electrolytic cell.

The size and shape of the various portions of
this cell, including the casing or container, the
anode, the cathode and the partition wall be-

‘ ‘twe_en the anode and the cathode may vary wide-

ly to meet the convenience and requirements of

_the application of the cell. . The container may be

square, circular or of any other suitable design
as to ‘cross section. The same is true of the
anode, cathode and partition separating the
The anode,

for example, may be solid, grooved or made of

-Screen. It may be cylindrical or of any other

suitable design. The same is true of the cathode,

largely dependent upon the surface of the elec-

trodes and .the nearness of. the electrodes to

each other. . These. factors may be regulated
and adapted to the desired production of fluorine,

In general, the object of the design is to ob-
tain high current and power efficiency which is -

2,034,458

Very desirable results have been obtained in cells
of the character illustrated in Figs.1and 2. In
cells of this type good results have been obtained
by placing the anode and cathode. approximately
equi-distant from the partition wall and pref-
erably about one-half to about one and one-half
inches therefrom. .

Where it is desired to electrically insulate any
portion of the apparatus, as for example the
cathode, the insulating material should pref-
erably be a substance which is not appreciably
attacked by hydrofluoric acid and/or fluorine.
In the construction of the apparatus, we have
found that very desirable results are obtained
in using as insulating materials inorganic solids
which are -insoluble in anhydrous hydrofluoric
acid, are not attacked by hydrofluoric acid or
fluorine, and are not electrically conducting. As

specific examples of such insulating materials -

may be mentioned: aluminum fluoride, cupric
fluoride, cupric nitrate, cobalt nitrate, zine sul-
fate, silver sulfate, fused silver chloride, silver
bromide, tungsten trioxide and stannic oxide. In
general, metallic oxides and salts, the metal of
which has a specific gravity equal to or greater
than that of aluminum (2.7), are preferably em-
ployed. Compounds of the type described may
be employed
other or with certain other
example, waxes.
sults have been

materials, as for
Very highly advantageous re-
obtained in the use of fused

silver chloride as -an insulating material and-

also In the use of 5 mixture of aluminum fuoride
and a wax such as ceresin. . A specific composi-
tion of the latter type which may be mentioned
consists of 30 parts of aluminum fluoride and 70
parts of ceresin, The method by which the in-

10

15

20

25 -

as such or in mixtures with each e

30

35

sulation is held in place may vary widely. In

insulating the cathode and wires of the electro-
Iyte level indicating device, good results have
been obtained by the methods described in con-
nection with the drawings.

As indicated by the description with reference
to the drawings, in operating the cell it is de-
sirable, although not necessary, to provide con-
trol devices such as a device for indicating the
level of the electrolyte in the cell. Tt is further
desirable and highly important for the con-
tinuous operation of the cell to add substan-
tially anhydrous hydrofluoric acid to the electro-~
lyte to replace that which has been vaporized
and/or decomposed by the electrolysis. It will
be recognized that the devices employed for these

- purposes may vary considerably. In the various

devices for measuring the -electrolyte level de-

scribed in connection with the drawings, the

wires which extend to different depths in the
electrolyte well should be made of a material
not substantially attacked by anhydrous hydro-
fluoric-acid, preferably nickel. The power source
connected to the well and having its circuit com-
pleted through the selector
erably be alternating current, :

The -process of the invention is susceptible of
considerable variation and modification in the
manner of its practical application, particularly
as regards the character of the electrolyte, the
current density and the temperature and pres-
sure of operation. It will be further understood
by reference to the following examples.

Ezample z

An electrolyte cbnsisting of approximatély
40% by weight of potassium acid fluoride (KHF2)
and 60% by weight of substantially anhydrous

40

45

60

switch shpuld pref- -

65
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hydrofluoric acid was introduced into a cell of
the type described in Fig. 1, the liquid level being
about that indicated in Fig. 1. The anode of
the cell was constructed substantially of nickel.
The container and cathode were constructed of
iron, the cathode heing electrically insulated
from the top of the container by means of an
insulating composition consisting of about 30
parts of aluminum fluoride and 70 parts of cere-
sin. The wires extending different depths into
the well of the liquid level indicator were made
of nickel and insulated from the well by the same
material used in insulating the cathode. The
liquid level indicator was operated on an al-
ternating current. The partition between the

anode and the cathode was constructed sub-.

stantially of iron. That part of the partition
below the level of the electrolyte and extending to
the bottom of the cell was constructed of about
40 mesh iron screen. “‘The cathode was con-
structed of about 8 mesh iron screen. The parti-
tion was equi-distant, about one-half inch, from
the anode and cathode. A direct current was ap-

plied to the container and cathode correspond-.

ing to an anode current density of about 200
amperes per square foot. The temperature of

the electrolyte was maintained at about 30° C.
to about 35° C. Fuorihe was evolved at the-
_anode and hydrogen at the cathede. The evolved
gases were passed separately through con-

densers where the hydrofluoric acid was con-
densed. and continuously returned to the electro-
lyte. Fresh anhydrous hydrofluoric acid was
added to the electrolyte continuously in order

to replace that which was decomposed by the .
" electrolysis. : )

Example II

The apparatus and process were the same as
in Example I except that the electrolyte com-

. prised substantially 30% potassium acid fiuoride
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and 70% anhydrous hydrofluoric acid. The
current density employed was about 300 amperes
per square foot and the termperature of the cell
was maintained at about 15° C.

”E:cample 117

The apparatus and process were the same as
deseribed in Example I except that the cathode
was made of nickel instead of iron,

Ezxdample IV

The process and apparatus were the same as
described in Example I except that the dia-

5 phragm separating the anode and cathode was

constructed substantially of cobalt instead of
iron. -

' Ezample V

* 'The process and apparatus were the same as

described in Example I except that the dia-

phragm separating the anode and cathode was

constructed substantially of magnesium instead

of iron. '
Example VI

The process and apparatus were the same as
described in Example I except that the anode
was constructed of an non-polarizing alloy com-
prising substantially nickel and iron.

Ezample VII

In the process and apparatus described in Ex-
ample I the metal container and the diaphragm
separating the anode and cathode were rendered
anodically passive prior to operation of the cell.
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: E:cdmple VIII

The prdcess and apparatus were the same as’

described in Example I except that fused silver
chloride was used as an electrical insulating
material instead of the aluminum fluoride-wax
composition. : i : :

s _

, The character of the electrolyte may vary ’

“within relatively wide limits. 'In general, the

electrolyte comprises hydrofluoric acid contain- _

ing a material capable of imparting -electrical
conductivity thereto but which does not enter
into the electrolytic action. It is preferable to
employ. hydrofiuoric acid containing,a soluble
fluoride. The hydrofluoric acid should be of

high purity and preferably substantially anhy-

drous. As -specific examples of soluble fluorides

which may be used may be mentioned rubidium .

flucride, cobalt fluoride, potassium fiuoride, po-

tassium acid fluoride, chromium fluoride, sodium _

finoride and silver fluoride.. Especially desirable’

results have been obtained in'the use of an elec-
trolyte comprising substantially anhydrous hy-
drofluoric acid and an alkali metal fiuoride, par-
ticularly potassium fluoride or potassium acid
fluoride. - . .

The composition of the electrolyte should
preferably be such that it is fluid at the tem-
perature of operation. In general, conductivity
increases with increased proportions of dissolved

fiyoride. 'The higher the proportion. of dissolved

fluoride, therefore, the greater the conductivity
of the electrolyte and the better the efficiency
of the cell. On the other hand, a decrease in
the proportion of fluoride decreases the conduc-
tivity of the electrolyte and the efficiency of the
cell. In order to obtain the maximum conduc-
tivity at the temperature of operation without
substantial precipitation of fiuoride, it is prefer-
able to employ an electrolyte composed .of sub-
stantially anhydrous hydrofluoric acid contain-
ing sufficient soluble fluoride in’ solution to be
saturated at a temperature slightly lower than
the temperature of operation, '

The temperature may vary within relatively
wide limits depending largely upon the composi-

‘tion of the electrolyte and the resulis desired.
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The upper limit is fixed by the critical tempera- .

ture (about 230° C.) of hydrofluoric acid. The
lower temperature of operation is more or less
determined by the solubility of the fiuoride in
the hydrofluoric acid, since it is desirable that
the temperature be sufficiently high to’ prevent
separation of the fluoride to such an extent as
to make the electrolyte too thick for efficient
operation. For this purpose the temperature
should preferably not be lower than about —20°
C. Since hydrofluoric acid boils at about 19.5°
C., relatively high temperatures tend to cause
rapid volatilization of the hydrofluoric acid.
Hence, in operating under atmospheric pressure
where it is desired to recover the vaporized hy-
drofiuoric acid, the higher the temperature the
greater is the condenser capacity required.
Generally speaking, therefore, it is’ preferable
to operate the cell at temperatures below about
100° C. and preferably within the range of about
i5° C. to about 50° C. TUnder these tempera-
ture conditions especially desirable results have

_been obtained in the use of electrolytes compris-

ing substantially anhydrous hydrofluoric acid
containing about 30% to about 50% of an alkali
metal fluoride, as for example potassium acid
fluoride. ’
" The pressure

at which the cell is operated is
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subject to comsiderable variation. In general,
super-atmospheric pressures may be used to ad-
vantage in regulating the volatilization of the
hydrofiuoric acid from the electrolyte. By em-
ploying pressures greafer than the partial pres-
sure of the hydrofluoric acid in the electrolyte,
the cooling capacity of condensers used to con-

dense hydrofiuoric acid vaporized from the elec-

trolyte may be greatly reduced. Thus, the tem-
perature of a condenser employed to-condense hy-
drofiuoric acid under ‘atmospheric pressure (B. P.
19.5° C.) is lower than the temperature required
for condensation under an sbsolute .pressure of
20 pounds per square inch gauge (B. P. 47° C.)
or 75 pounds per square inch gauge (B. P. about
82°.C.). Condensers may be omitted from the
construction of the apparatus, particularly in op-
erating at relatively low temperatures or under
super-atmospheric pressures; or, if desired, par-
tial condensation may be effected. In any case,
It is desirable to replenish the electrolyte with
anhydrous hydrofiuoric acid in order to main-
tain it in a fluid condition. Super-atmospheric
pressures may be obtained in any suitable man-
ner, e, g., by closing or partly closing the cell
outlets so that the total vapor pressure of the
electrolyte at the temperature of operation is
greater than atmospheric; or an outside source of
bressure, as for exampleé inert gas pressure, may
be introduced. )

The current density used in operating the cell
mey vary widely depending largely upon the pro-
duction of fluorine desired. Other things being
equal, a low current density will give a low pro-
duction of fluorine, while & high current density
will give a high production of fluorine. A high
current density also tends to give a high heating
effect so that it may be desirable to regulate the
current density in accordance with the desired
temperature of operation. Generally speaking; it
is preferable to employ a current density below
about 300 amperes per square foot and preferably
within the range of about 100 to 250 amperes per
square foot. : :

The Invention has the advantage that it pro-
vides & commertially. practical process for the
production of fluorine. Insofar asis known Huor-

Ine is not produced on a commercial scale at the

bresent time. Previously proposed methods for
the production of fluorine have been JImpractical

for varipus reasons.. The so-called “fused salt.

cells”, that is, electrolytic cells, using as an elec-
trolyte a fused fluoride, have the disadvantage

_that they operate at exceptionally high tempera-

tures as, for example, 150 to 400° C. Such cells
have the further disadvantage that the electrolyte
1s made up and dried before using and when de-

pleted of hydrogen fluoride is reworked. In gen-.

eral, “fused salt” fluorine cells may be defined as

those in which the electrolyte is of such a com-

position that a metal fluoride will separate on

cooling but hydrogen fluoride will not separate as
such, whereas the electrolytes contemplated by

the process of the present invention are those
from which hydrogen fluoride will eventually sep-
arate as such-on cooling. No anodic materials
have heretofore been proposed which would with-
stand the action of hydrofluoric acid and fluorine
to such an extent that they would be used com-
mercially. As previously indicated, the anodie
materials herein discussed are characterized by

- greater resistance fo the action of anhydrous hy-

75

drofiuoric acid and fluorine than materials such
as platinum and graphite. - The extent to which
various anodic materials will be'attacked by fluor-
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ine and hydrofluoric acid may vary widely, de-
pending upon the composttion -of the electrolyte,
the temperature, and other conditions of the
electrolysis. It will be understood that even the

anodic materials of the present invention may he

attacked to some extent. by hydrofitoric acid

- and/or fluorine, but the amount of metallic fluor-

ide 'formed by such - attack is mnot substantial
enough to prevent their use in commercial opsra-
tions, whereas the contrary is true in the case
of materials such as platinum. - To illustrate,
under s given set of electrolyzing conditions using
an electrolyte of the character herein described,
an anodic material such as nickel may allow the
recovery of .80% t0-90% of the fluorine liberated

. by the electrolysis while platinum will allow the

recovery of only 20% to 30% of the liberated
fluorine, the remainder reacting with the plati-
num and going into solution -as a fuoride of
platinum,

The type of cell construction described is con-
sidered to be broadly new not only for the elec-
trolysis of hydrofluoric acid but for other elec-
trolytic processes. Insofar as is known it has not
been . customary heéretofore to construct a cell
having a metal container and a metal diaphragm
between the anode and cathode, both the con-

tainer and metal diaphragm being anodically.

passive.’ This design of a cell is particularly ad-
vantageous in that it eliminates insulation of the
anode from surrounding parts and may cause a
decided reduction in the amount of corrosion of
the coniainer and metal disphragm. A further
advantage of the invention is the use of inexpen-
sive materials for the construction of the various
portions of the apparatus. Other advantages are

“the provision of a means for the continuous re-

placement of hydrofluoric acid which has been

volatilized or decomposed, the provision of a .

means for the circulation of the electrolyte to
prevent concentration changes, the proviston of
suitable electrical insulating means, and the use
of a multi-length electrical contact level indicator
on g fiuorine cell, ' :

As many apparent and widely different em-
bodiments of this invention may be made with-
out departing from the. spirit thereof, it is to be
understood that we do not limit ourselves to the

" foregoing examples or description except as in-
dicated in the following claims.

We claim: . :

1. In an-electrolytic fluorine cell suitable for
the electrolysis of anhydrous hydrofluoric acid,
the construction of an apparatus including a non-
polarizing anode not substantially attacked by
anhydrous hydrofluoric acid and fluorine, elec-

tainer for the electrolyte and & cathode electri-
cally insulated from the anode and the metal
container for the electrolyte.
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- trically connected to an anodically passive con-
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2. In an electrolytic fluorine cell suitable for )
the electrolysis of anhydrous hydrofluoric acid,

the construction of an apparatus including an

" anode comprising substantially nickel, electri-

cally connected to -an -anodically passive con-
tainer for the electrolyte and a cathode electri-
cally insulated from the anode and the metal
container for the electrolyte. , :

3. In an electrolytic fluorine cell suitable for
the electrolysis of anhydrous hydrofluoric acid
the combination of: an anodically passivified
metal countainer for the electrolyte; s non-po-
larizing anode not. substantially attacked by an-
hydrous hydrofiuoric acid and fluorine inside of

said container in contact with the electrolyte; a
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eathode not substantially attacked by anhydrous
hydrofluoric acid and hydrogen -inside of said

container in contact with the electrolyte and

10

electrically insulated from the anode, and. &
means of withdrawing gases liberated at the
anode and cathode without bringing them to-
gether,

4. In an electrolytic fluorine cell suitable for
the electrolysis of anhydrous hydroflucric acid
the combination of: an anodically passivified
metal container for the electrolyte; a non-po-

" larizing anode not substantially attacked by an-

15

hydrous hydrofiuoric acid and fluorine inside of
the container in contact with the electrolyte; &
cathode not substantially attacked by anhydrous
hydrofluoric acid and hydrogen inside of the

. container in contact with the electrolyte and
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- electrically insulated from the anode; a means of

withdrawing gases liberated at the anode and
cathode without bringing them together; and a
means for replemshmg the electrolyte during the
operation.

5. In an electrolytic fluorine cell suitable for
the electrolysis of anhydrous hydrofluoric acid,
the combination of: an anodically passivified
base metal container for the electrolyte not sub-
stantially attacked by anhydrous hydrofluoric
acid and flucrine; a non-polarizing metal anode
not subsiantially atiacked by anhydrous hydro-
fluoric acid and flurorine inside of said contain-
er in contact with the electrolyte; a.metal cath-
ode not substantlally attacked by anhydrous hy-
drofluoric acid and hydrogen inside of said con-
tainer in contact with the electrolyte and elec-
trically insulated from the ahode; a means of
withdrawing gases liberated at the anode and
cathode without bringing them together; and a

means for replenishing the electrolyte during op-

eration.

6. In an electrolytic fiuorine cell suitable for'

the electrolysis of anhydrous hydrofluoric acid,
the combination of: a base metal container for
the electrolyte which is anodically passivified; a
non-polarizing metal anode not substantially at-
tacked by anhydrous hydrofluoric acid and fiuo-
rine inside of said container in contact with
the electrolyte; a metal cathode not substantial-
ly attacked by the action of anhydrous hydro-

. fluoric acid and hydrogen inside of said contain-
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er in contact with the electrolyte and electri-
.cally insulated from the container and from the
anode; and a means of withdrawing gases' liber-
ated at the anode and cathode Without bringing
them together.

7. In an electrolytic fluorine cell sulta.ble for
the electrolysis of anhydrous hydrofluoric acid,
the combination of: a metal container for the
clectrolyte constructed of a metal which is an-

odically passive and unreactive in anhydrous hy- -

drofluoric acid; a non-polarizing anode not sub-
stantially attacked by anhydrous hydrofluoric
acid and fluorine inside of said container in con-

tact with the electrolyte and - electrically con--

nected to the container; a metal cathode not sub-

stantially attacked by anhydrous hydrofluoric -
acid and hydrogen inside of said container in

contact with the electrolyte and electrically in-
sulated from the container; an anocdically pas-
sive metal partition inside of the container ke-
tween the anode and cathode out of contact
therewith and joined with the container so as to
divide it into an anode compartment and a
cathode compartment, said partition being sub-
stantially gas-tight above the electrolyte but sut-
ficiently pervious in the electrolyte to allow pas-

sage thereof. from one COmpartment to another,

means for withdrawing gases from the anode and

cathode compartments; and means for contlnu—
‘ously replenishing the electrolyte.

8. The apparatus of claim 7, in which the an-
ode comprises substantially nickel.

9. The apparatus of claim 7, in which the an-

ode comprises substa.nmally a non-polanzlng‘

nickel alloy.

10. The apparatus of claim 7 in which the
cathode is constructed substantially of a metal
selected from the group consisting of iron, nickel,
cobalt, copper, chromium, magnesium and alloys
of any two or more of .these metals.

11, The apparatus of claim 7, in which the
metal container is constructed substantially of

a metal selected from the group consisting of

10

iron, steel, cobalt, chromium, magnesium, cop- .

per, alloys of any two or more of these metals
and anodically passive alloys of one or more of
these metals with nickel.

12. The apparatus of claim 7, in which the

metal partition between the anode and cathode
compartments is constructed substantially of a
metal selected from the group consisting of iron,
steel, cobalt, chromium and anodically passive al-
loys of these metals with each other or with
nickel.

13. In an electrolytic ﬂuorme cell suitable for

the electrolysis of anhydrous hydrofluoric acid,

the combination of: a metal container for the
electrolyte constructed substantially of iron; an
anode constructed substantially of nickel situated
inside of the container in contact with the elec-
trolyte and electrically connected to the con-
tainer; a cathode constructed substantially of
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iron situated inside of the container in-contact -

with the electrolyte and electrically insulated
from the container; an iron partition inside of
the container between the anode and cathode out
of contact therewith and joined to the metal
container dividing it into an anode compartment
and a c¢athode compartment, said partition being

40

substantially gas-tight above the electrolyte but

sufficiently pervious in the electrolyte to allow
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passage thereof from one compartment to an- -

other; means for withdrawing gases from the

‘anode and cathode compartments; and means for

continuously replenishing the electrolyte.
14. In a relatively low temperature process for
the production of fluorine, the step which com-

_ prises passing an electrolyzing current through a

non-polarizing nickel-containing anode which is
not substantially attacked by the action of hydro-
fluoric acid and fiuorine in contact with an elec-
trolyte composed of substantially anhydrous

“hydrofluoric acid containing  sufficient soluble

fluoride in solution to be saturated at a tem-
perature slightly lower than the temperature of
operation, and maintaining a temperature of
operation below about 100° C.

15. In a relatively low temperature process of
producing * fluorine, the step which comprises
passing an electrolyzing current through an
anode constructed substantially of nickel and in
contact with an electrolyte composed of substan-
tially anhydrous hydrofluoric acid containing
sufficient soluble fluoride in solution to be satu-
rated at a temperature slightly lower than the
temperature of operation, and maintaining. the
temperature of operation below about 100° C.

16. The process of claim 14 in which the elec-

trolyte is composed of an unsaturated solutlon_
of a soluble fluoride in substantially anhydrous

hydrofiuoric acid and. the amount of hydro-
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of the electrolyte. - .
‘17. In a process of producing fluorine, the step -
which comprises passing an electrolyzing current
through an anode comprising substantially nickel
and a cathode comprising substantially-iron .in
contact with an electrolyte composed substan-

~ tially of about 30% to 50% potassium acid fluoride - .

10
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and about 50% to about 70% anhydrous hydro-_
fluoric acid maintained at a temperature within -
the range of about 15° C. to about 50° C., con-
tinuously withdrawing fluorine Liberated at the,
anode and hydrogen liberated at :the cathode
without bringing them . together in the gas
phase, maintaining a current density below about
300 amperes per square foot and adding anhy-
drous hydrofiuoric acid to the electrolyte during
the operation in order to keep the electrolyte level
substantially constant. - '

18. The process of claim 17 in which, the elec-
trolysis is carried on under superatmospheric
pressure, R )

18. In an electrolytic fluorine cell suitable for

' the production of fluorine, electrical insulation
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means comprising substantially a material se-
lected from the group consisting of non-conduct-

ing. inorganic compounds of metals having a

specific gravity of at least 2.7 and which are sub-
stantially insoluble in anhydrous hydrofiuoric
acid and are not attacked by hydrofluoric acid
or fluorine and mixtures of such solids with
waxes. . i :
20. In an apparatus according to . claim 19,
fused silver chloride as an insulating means.
21, In an electrolytic fluorine cell suitable for
the electrolysis of anhydrous hydrofluoric acid,
the construction of an apparatus including a
metal container for the electrolyte which is

~anodically passivified.

22. In an electrolytic fluorine cell suitable for
the electrolysis of anhydrous hydrofluoric acid,
the construction of an apparatus including a con-
tainer for the electrolyte which is constructed of
anodically passivified iron. ' : .

23. In an electrolytic fiuorine cell for the pro-
duction of fluorine by electrolysis of Substantially
anhydrous hydrofiucric acid containing a soluble
fluoride, the combination of: a metal container

- for the electrolyte constructed of s metal which

is anodically passive and unreactive in anhydrous
hydrofiuoric acid; a non-polarizing anode not -
substantially attacked by anhydrous hydrofiuoric
acid and fluorine inside of said container in con-
tact with the electrolyte and electrically con-
nected to the container; a cathode not substan- -
tially attacked by anhydrous hydrofluoric acid
and hydrogen inside of said container in contact
with the electrolyte; and an insulating means -
between the cathode and the container compris--
ing substantially & material selected from the
group consisting -of non-conducting inorganic
compounds.of metals having a specific gravity of
at least 2.7 and which are substantially insoluble
in anhydrous hydrofiuoric acid and are not at-
tacked by hydrofiuoric acid and fluorine and
mixtures with waxes; and anodically passive
metal partition, inside of the container between
the anode and the cathode out of contact there-
with' and jolned with the contalner so as to di-
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fluoric acid corresponds t’q:a{t léast 50% by weight vide it into an anode com'pal"tment and a cathode

compartment; said partition being substantially -

gas-tight. above the electrolyte but sufficiently

‘pervious.in the electrolyte to allow passage there-
of from one compartment to another; and means"

for :withdrawing gases from .the anode and

cathode compartments, -

24. In an electrolytic fliorine cell suitable for
the .electrolysis of anhydrous hydrofiuoric acid,
the. combination of: an anodically passive metal

- container for the electrolyte; a non-~-polarizing

10-

anode not substantially attacked by anhydrous.

hydrofiueric-acid and fluorine inside of the con-

tainer in contact with the electrolyte: a cathode
not substantially attacked by -anhydrous hydro-
fluoric acid and hydrogen inside of the container
in contact with the .electrolyte and electrically
insulated from the anode; a means of withdraw-

ing gases liberated at the anode and cathode -

without bringing them together; and a means

including current conducting means disposed at

indicating means, the current source in twrmn
being connected to the container and the current

" conducting means disposed in the electrolyte,

whereby the indicating device registers when the

‘circuit is closed by contact of the current con-

ducting means with the electrolyte,

25. In an electrolytic fluorine cell suitable for

the electrolysis of an electrolyte comprising sub-
stantially anhydrous hydrofluoric acid and .a
soluble fluoride, the construction of an apparatus
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‘for indicating the liquid level of the electrolyte -

~ different depths within and above the electrolyte .
_corresponding to the desired Hquid Ievel and elec- :
trically insulated from the container, a current 2:
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Including an anodically passivified metal con- ..

tainer for the electrolyte, an anode and a eathode

‘compartment in said container formed by a metal

partition constructed of an anodically passivified
metal, said anode, partition and metal container
being electrically connected, and a cathode which
is insulated from said other metal parts of the

-.cell and from the anode.

26. In an electrolytic fluorine cell suitable for
the electrolysis of substantially anhydrous hydro-
fluoric acid containing a soluble fluoride, the
construction of an apparatus including a non-
polarizing nickel-containing anode, an iron con-
tainer for the electrolyte, an anode and a cathode
compartment in said container formed by an iron
partition, said container and said partition.being
electrically connecied to the anode, and a cathode
which is insulated from said other metal parts of
the cell. . : . o :

27. 1In a process of producing flucrine, the step
which comprises passing an electrolyzing current
through an anode  comprising substantially
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nickel, and a suitable cathode in contact with an

electrolyte composed of substantialiy anhydrous
hydrofluoric acid containing insufficient soluble
fluoride to be saturated at the temperature of
operation, maintaining said electrolyte at a tem-
perature of about 15° C. to about 50° C., and
withdrawing fluorine liberated &t the anode and
hydrogen liberated at the cathode without bring-
ing them together." : .
WILLIAM S. CALCOTT.
ANTHONY F. BENNING.
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