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My present invention relates to electrolytic
cells more particularly to electrolytic condensers
of the type useful in radio reception, in wire
telephony and in power transmission, as for power

5 factor compensation.

It is among the objects of the invention to
provide an electrolytic condenser which, while
still preserving the advantage of very high ca-
pacity in small bulk, will withstand a reversal

10 of polarity without destruction of its eficacy and
which is, therefore, well adapted for use on cir-
cuits involving such reversal either by accident
or in regular course of normal operation.

Another object is to provide for the deliberate

15 or accidental reversal of polarity in a condenser
of the above type without departure from the
construction of electrolytic condensers of other-
wise approved design but that lack this charac-
teristic. . :
Another object is to provide a method for ex-
peditiously producing an electrolytic cell of the
above type with the use of relatively simple
equipment, and without the need for superlative
care in supervision. :
According to the invention, both electrodes or
sets of electrodes, those used as the anode as well
as those serving as the cathode, are pre-condi-
tioned by appropriate treatment to pre-dispose
~ them, for readily forming on either or both of
30 them a di-electric film of great tenacity and per-
manence, such as greatly to resist _deforming
upon reversal of current. :

The invention may be carried info execution

according to one aspect thereof by forming only

20

26

35 the anode, leaving the cathode in pre-conditioned

state, so that upon reversal of current, the cath-

ode would readily form, to build up the con- -

denser for useful operation on such reversed po-
larity.

According to another aspect of the invention,
both electrodes or sets of electrodes are formed
with the thin di-electric film, so that the con-
denser structure is symmetrical and will operate
without regard to which of the electrodes is used
g as the anode and which as the cathode.

According to another aspect of the invention,
_ the forming of one of the electrodes is carried
on to a greater degree than the forming of the
other electrode, in which case satisfactory pro-
50 tection is afforded against reversal of polarity
under relatively high voltage and yet the con-
denser is of capacity higher than where both
electrodes are formed to equal degree.
The conditioning of the foils is preferably ac-

40

55 cording to the method of the copending applica-

(ClL. 175—315)

tion of Samuel Siegel, Serial No. 535,180, filed May
5, 1931, but in the present case, the material of
the foil not only for the anode, but also that
for the cathode elements of the condenser is pre-
treated. '

While the invention is by no means limited
thereto, it has its preferred application in elec-
trolytic condenser structures of the general type
disclosed and claimed in my prior. Patent No.
1,789,949 of January 20, 1931, and while not llm-
ited to the use of that particular electrolyte, the
invention brings about its best results when use
is made in the condenser of the electrolyte dis-
closed and claimed in my prior Patent No.
1,815,768 of July 20, 1931, .

In the accompanying drawing in which is
shown one or more of various possible embodi-
ments of the several features of the invention,

Fig. 1 is a diagrammatic view indicating the
apparatus for pre-conditioning the material of 78 -
the condenser foil,

Fig. 2 shows alternative apparatus for the pre-
conditioning operation,

Fig. 3 is a diagrammatic view {llustrating the
washing operation,

Fig. 4 is a fragmentary perspective view indi-
cating the correlation of the electrodes with each
other in building up.the condensers,

Fig. 5 is a perspective view indicating the gen-
eral construction of the completed condenser g5
roll,

Fig. 6 Is a view in longitudinal cross-section
{llustrating the impregnation of the condenser
units, and

Fig. 7 is a view in longitudinal cross-section
showing the condenser forming operation.

Referring to Fig. 1 of the drawing, the foil from
which all the electrode material of the cell is to.
be made, is immersed in a tank 10 which is charged
with dilute sulphuric acid 11, and which could be
of, or lined with a suitable metal. The foil (/)
to be conditioned is immersed in the bath in said
tank, and the electric feed line 13 is connected to
said foils in parallel as anode the return being
through the metallic wall 10 or lining of the tank
which constitutes the cathode of said pre-condi-
tioning cell.

1f alternating conditioning current is used, the
current is passed as shown in Fig. 2: between two
foils or two sets of foils f1 and f? connected to
opposite sides of the electric line 17-—18. In this
case, the tank 19 should preferably be of some
non-conducting material, such as stone, wood,
hard rubber or the like. : .

In each case, the sulphuric acid bath is diluted 1jo
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in water, which need not be distilled, ordinary
tap water being found satisfactory. In practice
a solution of 7 per cent to 35 per cent of sulphurie
acid is suitable for the purpose and a good solu-
tion is obtained at ten per cent.

For direct current, about 20 volts is found sat-
isfactory for the purpose and for alternating cur-
rent about 20 volts R. M. S. may be applied, al-
though lower and higher voltages are also prac-
tical. Under direct current the treatment is pref-
erably-for about fifteen minutes and under alter-
nating current the time of treatment is approxi-
mately double. A current density of 5 to 30 am-
beres per square foot has proved suitable in prac-
tice. The temperature of the sulphuric acid dur-
ing treatment should preferably be maintained
below 85 degrees F., a temperature of about 55
degrees being found most advantageous.

After the material of the foils has been pre-
conditioned in the manner just set forth, the foil
racks are removed from the pre-treating tank and
washed preferably as diagrammatically indicated
in Fig. 3 by dipping in water in a tank 20, thereby
to remove all traces of sulphuric acid and to leave

“on the foil a film which is the electro-chemical re-

sult of such sulphuric acid acting on the alumi-
num. Preferably the foil is dipped successively
in a battery of washing tanks like that of Fig. 3
the contents of the final one of which is analyzed
Substantial purity of the wa-
ter in said tank demonstrates the efficacy of the
washing operation. ‘The flm formed by this elec-
tro-chemical treatment is more or less transpar-
ent, tough and makes a crackling sound when the

‘apparently dry foil is bent near the ear, but the

film does not appear noticeably to chip off,

The film produced in the preconditioning oper-
ation is designated in certain of the claims as
“foundation flm”.
formed as set forth preferably from an aqueous
solution prior to incorporation of the foil in the
condenser structure. The handling of the foil in
rolling the condenser unit causes slight fissures
in the foundation film, but any forming operation
¢f the substantially non-aqueous electrolyte that
is thereafter incorporated in the condenser struc-
ture promptly results in producing the final film
satisfactory under all conditions of practical use,
as will appear more fully hereinafter.

The foil material thus pre-conditioned and
washed is now assembled into the condenser struc-
ture, As shown in Fig, 4, the cathode foil F and
anode foil P are superposed, preferably in stag-
gered relation as shown, with an intervening layer
22 of gauze or other absorbent material separat-
ing the two electrodes. The superposed anode,
cathode and intervening gauze are now rolled
together, mechanically to complete the condenser
structure C shown in Fig. 5, from the ends of
which protrude terminal tabs # and £’ respec-
tively of the cathode and the anode,

A bateb of the condenser rolls Cisnow immersed
in the electrolyte tank 25 as shown in Fig. 6. The
electrolyte 26 therein,
and claimed in my prior Patent No. 1,815,768
comprises a mixture of glycerol borate and am-
monium glycerol borate with appropriate quan-
tities of water to bring the viscosity thereof be-
tween the limits of three and seven at 200 degrees
F. as compared to water at 60 degrees F. Other
<lectrolytes may be used with results correspond-
ing to the relative efficacy of such electrolytes.

The electrolyte which is maintained heated in
tank 25 readily soaks up into the gauze 22 of the
respective condenser rolls C, whereupon these rolls

It is electro-chemically .

preferably that disclosed:

1,968,049

are removed from tank 25 and placed in trays,
such as shown in Fig. 7 for forming thereof. Each
tray 26 has therein a quantity of electrolyte 27
identical with that in the impregnating tank 25
and accommodates four or five of the condenser
rolls. The terminal tabs t and # from the con-
denser rolls within each tray 26 are connected as
shown, respectively to terminal clips ¢ suspended
irom the rim of the tray and free from engage-
ment with the electrolyte in the tray.

The forming current is now applied in the
manner set forth more particularly in my prior
Patent No. 1,789,949. The anode thereby is
formed by electro-chemical action of the electro-
Iyte thereon and the thickness of the di-electric
film thus built up on the pre-conditioned film
will depend on the length of treatment. A re-
sistor unit (not shown) is disposed in series with
the parallel-connected condensers in each tray,
to keep down the initial voltage across the con-
denser, but as the film is formed and the re-
sistance of the condenser to the flow of the form-
ing current increases, the voltage drop across the
condensers also increases. Thus, this forming
operation is continued with automatic increase
of the applied voltage across the terminals of
the condenser and such forming is discontinued
only when the voltage thus applied across the
terminals exceeds somewhat the voltage under

which the condenser is actually to be used. The 17

forming operation with the use of the pre-condi-
tioned foil as set forth, takes but a fraction of
the time required for forming without such pre-
conditioning. This period depends on the forma-

tion voltage and is greater for higher voltages. :

On 500 volts a period of fourteen hours or less

is sufficient to complete the forming as compared

to thirty or forty hours previously required.
In actual use of the condenser, with the anode

formed on the pre-conditioned anode foil and ?

the cathode merely pre-conditioned in the same
way as the anode, but otherwise unformed the
operation is particularly advantageous upon any
current reversal whether accidental or inten-
tional. The characteristic of the pre-conditioned
foil by which its initial forming is expedited,
appears largely to account for a relatively rapid
building up of a di-electric film upon the cath-
ode foil during actual use of the condenser with
its polarity reversed. Thus, on reversed polarity,
the cathode forms a di-electric film, while the
anode film does not readily deform. As a con-
sequence, the condenser will operate quite satis-
factorily without breakdown on its reversed po-

larity, although the capacity will be somewhat 2

reduced due to the presence now of a di-electric
film, on each of the two electrodes.

As indicated in Fig. 7 a reversing switch 30 may
be associated in the circuit connections 31 to
the forming tray 26. According to another fea-
ture of the invention, after completion of the
forming of the anode foil as above set forth,
the switch 30 is thrown to reversed position and
the forming current is now applied with reversed
polarity. Under these conditions, the cathode
is formed on the pre-conditioned cathode foil
in the same way as the anode had previously
been formed on the pre-conditioned anode foil.
This forming operation may be continued until
the voltage applied on the condenser with its
polarity thus reversed is equal to the maximum
voltage on which the anode foil had Ppreviously
been formed. The resulting condenser will be
an entirely symmetrical entity in which either
termlnalatwulmaybeusedastheanode with.
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out dificulty. A condenser thus constructed
could be installed in a radio receiving circuit
for instance, without the need for the precaution
heretofore necessary in connecting up to assure
correctness of polarity. It would be particularly
advantageous in radio sets to be operated from
direct current outlets,

In the conventional formation of an alternat-
ing current electrolytic condenser by the use of

altemating current, the ordinary industrial

power lines are inadequate for the tremendous
current consumption required, especially for high
voltage condensers. Where instead of alternat-
ing current, direct current is applied in a suc-
cession of steps first in one direction and then
in reverse direction, no appreciable impedance
is imposed by the forming condenser, only ohmic
resistance being developed, and, accordingly, the
usual available power, lines are adequate for the
purpose, unless the voltage for which the con-
denser is to be prepared is in excess of the power
line voltage, in which case, it can be readily
stepped up to 500 volts or more by an ordinary
motor generator set.

Obviously after completion of the formation
of the anode, the forming may be conducted ac-
cording to the present invention, so that the
cathode foil has a di-electric film thereon, of
lesser thickness than that of the anode foil, the
result being thus intermediate between the two
extreme conditions previously described. A con-
denser thus formed will have a higher capacity
than a symmetrical condenser formed t6 equal
degree on both electrodes and yet will afford
effective protection on reversal of polarity even
under relatively high operating voltages. )

It will thus be seen that there are herein de-
scribed apparatus and methods in which the
several features of this invention are embodied,

‘and which apparatus and methods in their action

attain the various objects of the invention and
are well suited to meet the requirements of prac-
tical use.

As many changes could be made in the above

‘construction, and many apparently widely dif-

ferent embodiments of this invention could be
made without departing from the scope thereof, it
is intended that all matter contained in the above
description or shown in the accompanying draw-

"ing shall be interpreted as {llustrative and not in

a limiting sense.
Having thus described my invention, what I
claim as new and desire to secure by Letters

- Patent is:——

1. An electrolytic cell ¢omprising cathode and
anode foils, each having a coating thereon pre-
senting comparatively low di-electric properties,
but adapted to facilitate the electrolytic forma-
tion of a film of high di-electric properties, said
cell having such film of high di-electric proper-
ties formed both on the anode and the cathode
element thereof, the film on one of sald elements
being thicker than that on the other of said
elements.

2. An electrolytic cell for direct current circuits
comprising clean electrode elements both of alumi-
num, electrolyte medium interposed between the
surfaces of said elements, said surfaces of said
elements having a foundation fllm thereon of a

‘compound of aluminum to facilitate the forma-

tion of a di-electric Alm on either of them under
appropriate operating conditions, one of said
electrodes having further di-electric flim thereon,
and the other electrode being substantially de-
void of such further film,

3

3. An electrolytic cell for direct current vcir-
cuits comprising closely juxtaposed clean,elec-
trode elements, interposed absorbent means, liquid
electrolyte soaked therein, the surfaces of both
electrode elements having a foundation film there-
on of a compound of aluminum to facilitate
formation of a di-electric film on either or both
of them, one of said electrodes having further
dielectric film thereon and the other electrode
being substantially devoid of such further film.

4, An electrolytic cell for direct current circuits
comprising electrode foil elements both sets of
clean aluminum and closely juxtaposed, an ab-
sorbent interlay therebetween permeated with
film-forming electrolyte, each of the surfaces en~
gaged by said interlay being also chemically
treated to form a foundation film on said sur-
faces of a compound of aluminum, thereby to
facilitate the formation of a di-electric fAillm
thereon under appropriate operating conditions,
one of said electrodes having further di-electric
film thereon, and the other electrode being sub-
stantially devoid of such further film.

5. An electrolytic cell for direct current circuits
comprising closely juxtaposed cathode and anode
elements both of aluminum, film forming elec-
trolyte interposed between said elements, the sur-
faces of both cathode and anode elements that are
contacted by the electrolyte being chemically
modified by electro-chemical pre-treatment in a

sulphuric acid bath, the anode having further

di-electric film thereon, and the cathode being
substantially devoid of such further film.

6. An electrolytic cell comprising cathode and
anode elements, both of aluminum and closely
juxtaposed, the entire surface of said elements
being of the product resulting from electro-
chemical treatment thereof with sulphuric acid,
liquid electrolyte maintained in a relatively thin
film between said surfaces and a thin di-electric
flim. of the type which constitutes the product of
the reaction of such. electrolyte upon such foil,
said film in close adherent contact with the anode,
the cathode being substantially devoid of any
further film formed from said liquid electrolyte.

7. An electrolytic cell for direct current cir-
cuits comprising elongated strips of cathode and
anode foils of film forming metal with inter-
posed absorbent material, all wound into a coil,
both the cathode and anode foils throughout their
contiguous surfaces having a foundation Alm
thereon of a compound of the metal of said foils
for pre-disposition to facilitate formation, and a
thin di-electric film on the anode foil and absent
from the cathode foil.

8. An electrolytic cell comprising electrodes of
aluminum, interposed absorbent material per-
meated with electrolyte, said electrodes having
their contiguous surfaces of composition resulting
Irom the electrolytic action of sulphuric acid
thereon, the completed condenser having its anode
and not its cathode modified by a thin di-electric
film thereon resulting from the action of electric
current on the condenser,

9. An electrolytic cell comprising electrodes of !

aluminum, interposed absorbent material per-
meated with electrolyte, said electrodes having
their contiguous surfaces of composition result-
ing from the electrolytic action of sulphuric acid

thereon, the completed condenser having its -
_anode modified by a thin di-electric film thereon

resulting from the action of electric current on
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the condenser and its cathode lacking such film. .

10. An electrolytic cell comprising electrodes of
aluminum foil, intorposed absorbent material
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permeated with electrolyte, said electrodes having
their contiguous surfaces of composition resulting
from the electrolytic action of sulphuric acid
thereon, the completed condenser having both of
its electrodes modified by a thin di-electric film
thereon resulting from the action of electric cur-
rent on the condenser, first with one of the elec-
trodes as the cathode, and then the other of the
electrodes as the cathode, the thicknesses of the
di-electric films on the two electrodes being
unequal.

11. The method of forming an electrolytic con-
denser for direct current circuits from electrodes
of film forming metal which consists in producing

1,963,046

& foundation film of a compound of said metal on
all of the electrodes thereby to facilitate forma-
tion and to hinder deformation of further di-
electric film thereon, and then forming solely the
positive electrode of the completed condenser.
12. The method of forming an electrolytic con-
denser which consists in pretreating all of the
electrodes to facilitate formation and to hinder
deformation thereof and then forming the com-
pleted condenser first with current in one direc-
tion and then with current in reverse direction,
but at different maximum voltages whereby the
two electrodes are formed to different degree.
ALEXANDER GEORGIEV.

95

100

10!

110

115

120

125

130

135

140

145



