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The present invention relates to electrolytic de 
vices and more particularly to electrolytic Con 
densers having novel and quite unique charac 
teristicS. 

It is a known phenomenon that when the volt 
age applied to the electrolytic condensers exceeds 
certain limits, which as a rule approximately cor 
responds to the maximum forming voltage, a. 
spark discharge occurs at the film of the filmed 
electrode (or filmed electrodes) of the condenser, 
and at the same time the leakage current, which 
up to this “sparking voltage' is of a low value, 
sharply increases. 
This sparking voltage of the condenser has 

15 been regarded as the limiting voltage, above Which 
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the condenser could not be operated. Not only 
is the sparking accompanied by an objectionable 
noise, but the sparking greatly damages the film, 
both due to the mechanico-electrical effect char 
acterizing sparking and because of the great heat 
development taking place directly in the vicinity 
of the film. The mechanism of Sparking, as is 
well known, is the successive building up of high 
voltages and subsequent discharges across the 
spark-gap, which in the present instance is 
formed between the electrolyte and the film or 
the underlying metallic Surface. 

For the above reasons electrolytic condensers 
heretofore could operate only at a voltage falling 
below the sparking voltage. 
While to Some extent, because of their Well 

known self-healing properties, electrolytic con 
densers can withstand, Without, detriment, tran 
sient voltages, which exceed their sparking volt 
age, such is only the case as long as such over 
voltages are infrequent and of exceedingly short 
duration, for instance of the order of a fraction 
of a second. In Such cases no Substantial heat 
development can take place and no substantial 
damage to the film is caused, and the Small de 
teriorations of the film SO caused, can be repaired 
by the Self-healing action of the condenser. 

However, in any application which an electro 
lytic condenser is called upon to stand a voltage 
exceeding its normal operating Voltage for periods 
of a few minutes or even a few seconds (or rap 
idly succeeding over-Voltages of even shorter 
duration), the condenser has to be designed for 
this high Voltage. 

For instance, as Will be more fully discussed 
later on, in radio Sets, certain electrolytic con 
densers operate normally at about 250 to 300 
volts; however, for a period of a few seconds 
after the set has been turned on, these condensers 
have to stand voltages of 450 to 500 volts, 

(C. 250-27) 
In the past such condensers had to be designed 

for these higher, short-duration voltages, which 
meant that they had to be formed at the higher 
voltages. 

However, the formation of a 500 volt condenser 
is considerably costlier than that of a 200 volt 
Condenser. Furthermore, as is well known, the 
capacity per unit of Surface area decreases 
roughly, proportionally with the forming voltage. 
Thus a given electrode surface has about 
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or about 1.66 times as great a capacity when 
formed at 300 volts, than when formed at 500 
Wolts. The overall dimensions of the condenser, 
and to a great eXtent its cost, increase in a similar 
manner for higher voltage condensers. 
The condensers according to our invention 

have the unique characteristic of altogether lack 
ing a Sparking Woltage. Similarly to standard 
condensers, they do exhibit a sharp increase of 
the leakage current, when the operating voltage 
exceeds a given value, which usually closely cor 
responds to the maximum forming voltage, but 
this increase of current is not accompanied by 
Sparking, nor by a substantial heating up of the 
film surface. Or in other words, there is no 
breaking-down of the film at a large number of 
individual points as is characteristic of spark dis 
charge, but merely the blocking action or insulat 
ing resistance of the film drops down uniformly 
to a Value considerably lower than that which 
it p0SSesses below this critical voltage. 
Consequently the film can stand, without being 

damaged, a voltage exceeding this critical value 
for any length of time, and even if such a higher 
Voltage is applied for several hours to the con 
denser and the condenser be ultimately damaged, 
this is because of the high current passing the 
condenser unduly heating up the condenser as a 
Whole. If the condenser is to normally stand 
Such over-voltage for quite extended periods, this 
can be taken care of by a more ample design of 
the whole condenser, whereby, however, only a 
Comparatively Small part of the above advantages 
obtained by the lower forming voltage, need to 
be sacrificed. 
The process used in the formation of these elec 

trolytic condensers of unique properties, is that 
described in detail in our copending application 
Ser, No. 743,468 filed September 10, 1934 of which 
the present application is a continuation in part. 
The process described in Said application, how 
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ever, is not limited to the manufacture of these 
special types of condensers. 
: As has been fully described in said application, 
the electrode or electrodes of the condensers are 
subjected to a two-step forming process, each 
forming step being a rapid formation step, Such 
rapid formation being fully described in the co 
pending applications to Preston Robinson, Ser. 
No. 548,270 and Ser. No. 741,493 Patents Nos. 
2,057,314 and 2,057,315, respectively, dated Octo 
ber 13, 1936. 
According to the process described in our above 

application, in the first forming step the elec 
trode is formed in an alkaline electrolyte and in 
the second step in an acidic electrolyte. In the 
first step the formation takes place by immersing 
into the electrolyte successive unfilmed portions 
of the electrode and applying thereto immediately 
the maximum forming voltage. This voltage, for 
instance, for condensers of which the critical 
voltage is 300 volts, will be about 300 volts, al 
though under certain circumstances the forming 
voltage may vary to some extent from such criti 
cal voltage. In the second step, the forming 
voltage is preferably the same as in the first step, 
but it is not altogether necessary to gradually 
immerse the electrode as the electrode is already 
filmed. As a rule the Second forming step re 
quires about 15 to 30 minutes. This time, how 
ever, is not critical. 
We shall describe our invention on hand of a 

Specific example and in connection. With a So 
called wet electrolytic condenser for radio filter 
circuits, for which it is especially important. 
However, it should be well understood that our 
invention is broadly applicable to various types of 
electrolytic condensers. 
In the drawing forming part of the specifi 

cation: 
Figure l is a schematic diagram showing a 

filter circuit of a radio receiving set utilizing con 
densers of our invention. 

Fig. 2 is a graph illustrating the voltage-leak 
age current characteristic of our novel con 

5 densers. 
The filming electrode of the condenser consists 

of a suitable filming material, for instance of 
aluminum, tantalum, zirconium, etc. Aluminum, 
because of its good film-forming properties, easy 
workability, and low cost, is the most widely used 
filming metal, and We shall describe our inven 
tion with reference to aluminum electrodes. 

Both formation steps of our invention prefer 
ably, but not necessarily, take place before the 
assembly of the condensers, and usually a plural 
ity of electrodes are formed simultaneously. 

In the first forming step the electrode is in 
mersed in an alkaline electrolyte which prefer 
ably comprises as ionogen an alkaline salt of a 
weak acid, for instance, borax, sodium-phosphate, 
etc. The solution used is preferably a very dilute 
aqueous Solution of such ionogen. For condens 
ers to be formed at 300 volts we may use, for 
instance, a Solution comprising 2 ounces of borax 
to 3 gallons of Water. 
The electrodes are gradually immersed in the 

electrolyte with the immediate application of the 
full forning voltage, for example to about 300 
volts. Thereby, as has been fully described in 
the copending applications of Preston Robinson 
Ser. No. 548,270 and Ser. No. 74,493 the film 
forms almost instantaneously on successive un 
filmed portions of the electrode as they immerge 
into the electrolyte. 

This formation takes place at eXtremely high 

2,122,393 
current densities, which, together With the high 
voltage, cause an exceedingly high electroStatic 
equivalent pressure at the film and this high 
pressure and rapid formation form a Very dense 
and unhydrated oxide film on the electrode. The 
temperature of the forming bath in this step 
should not exceed about 50° C. 
A specific characteristic of this forming step, 

as has been described in detail in our above Said 
application, is that contralry to usual forming 
processes, there is no chemical reaction Outside 
of the film formation, i. e., the usual piroduction 
of reaction products in the electrolyte, for in 
stance of aluminum oxide and boric acid, is en 
tirely absent. 
The film formed in this step, has a density 

which is greater than the density of the alumi 
num. on winich it is formed, and because of this, 
electrodes, especially those having corrugated Ol' 
etched surfaces, when so formed have a tendency 
of having on their surface minute unfilined por 
tions or voids. One of the purposes of the SecCnd 
step of formation is to cover such voids With a 
finn which is less dense, imore fliroid and elastic. 
The second forming step consistS in immel'Sing 

the filmed electrodes into an acid electrolyte con 
prising, for instance, for 300 volt condense)'S, 1 
lb. borax, 4 lbs. boric acid, 6 gals. Water, the 
forming electrolyte preferably having a tempera 
ture of 80° C. or more. Again, the above re 
ferred to rapid formation process is preferably 
used; other weak acids as phosphoric, citric, tai 
tai'ic acid with or without the addition of saltS 
of a weak acid may also be used. 
In this second forming step the aluminlinn OXide 

film reacts at its surface with the acidic constit 
uent of the electrolyte. 
The filming electrode so formed is then as, 

sembled into a condenser with a suitable electro 
lyte, usually an aqueous Solution of a Weak acid 
and/or the salt of a weak acid, whereby the salt 
of the weak acid does not need to be the salt ci 
the acid used. Such Weak acids are, for instance, 
boric acid, phosphoric acid, citric acid, tartaric 
acid, etc., and the salts used are generally alka 
line metal or ammonium salts of such weak acids. 
The pH of the final electrolyte should be prefer 
ably lower than the pH of the electrolyte Lised 
in one of the forming steps, as a rule that of the 
first forming Step. 
The other electrode of the condenser may form 

the container, and is preferably a chromium 
plated aluminum can, as described in U. S. Patent 
No. 1,938,464 to Preston Robinson. 
The advantages of our novel condensel Will be 

described on hand of a typical example: 
Figure 1 is a schematic circuit diagram of the 

power supply of a radio receiving Set. The regul 
lar A. C. lighting current is transformed to the 
proper voltage and then rectified and filtered to 
Supply the plate current for the tubes of the Set. 
The rectifier f is shown as a full wave rectifier, 
the input side of which is connected to the trans 
former Winding 20. 
The leads O and f supply the rectified and 

Smoothened current to the plate circuits of the 
tubes. 
The filter System provided between the rectifier 

and the output consists of two choke coils 5 and 
6, connected in Series in lead 0 and of three con 
densers 2, 3 and 4. Of these condenser 2 is con 
nected acroSS leads 0 and directly behind the 
lectifier; condenser 3 is connected across these 
leads between choke coils 5 and 6; and condenser 
4 is connected across the leads 0 and in the 
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rear of choke coil 5. We shall consider primarily 
the condensers 2 and 3: 
The output or load of the rectifier which con 

sists of the sum of the plate currents of the tubes 
of the radio set is in most of the Sets of the Order 
of 100 milliamps, whereas the normal output volt 
age is in normal operation usually 250 to 300 voltS. 
The inherent characteristics of the rectifiers 

most widely used are such, that their voltage drop 
decreases with increasing load. For instance, in 
the normal vacuum type of rectifier tubes at Zero 
load, the voltage drop across the tube is about 
450 to 500 volts, whereas at 100 milliamps it is 
about 250 to 300 volts. 
As is well known, the plate current through 

the tubes of the set only starts to flow When the 
cathode of the respective tubes has been brought 
to their proper electron-emitting temperature. 
In modern sets using indirectly-heated Cathodes, 
the time required for the cathodes to attain their 
full electron-emitting temperature is usually of 
the order of 10 to 25 Seconds. Consequently When 
a radio receiving set is started, practically no 
current flows through the rectifier and thus a 
high voltage drop occurs in the rectifier and the 
same high voltage exists across the condenser 2. 

For this reason, as has been more fully eX 
plained before, the condensers used for this pur 
pose, had to be made in the past for 450 or 500 
volts, in spite of the fact that in normal Opera 
tion they operate only at 250 to 300 volts. 
On the other hand, condenser's according to the 

invention, formed to 250 or 300 volts, can be em 
ployed for this purpose without any damaging 
of the condenser. Thereby initially when the 
set is switched on, a leakage current of Con 
siderable magnitude flows through the condenser, 
for a 16 mifd, condenser formed according to Our 
invention at 300 volts, this current being at 450 
volts of the order of 40-50 milliamps. However, 
as the radio tubes gradually assume their elec 
tron-emitting temperature, and the plate current 
starts to flow, the rectifier load increases and its 
voltage drop, as well as the Voltage acroSS the 
condenser tube decreases. After 10 to 25 Seconds 
the voltage across the condenser is reduced to 
about 250 to 300 volts, and the leakage current 
through the condenser decreases to a Small value, 
which is of the order of a fraction of a milli 
ampere. 

In the specific example both condenser 2 and 3 
have been formed at 300 volts, condenser 2 having 
8 mtd. and condenser: 3 16 mid, capacity. When 
the set is switched on a voltage of about 450 
volts is applied across condenser 2 and passes 
therethrough a current of about 23 milliamps, 
and a voltage of 410 VoltS is applied acroSS COn 
denser 3 and passes therethrough a current of 
about 40 milliamps. Gradually the voltage acroSS 

3 
these condensers drops below 300 volts and the 
leakage current drops down to a negligible value. 

Fig. 2 shows the leakage current as function 
of the voltage for a condenser formed at 300 volts 
according to our invention. 

It should be well understood that our invention 
is not limited to Wet electrolytic condenSerS, no 
to condensers used in filter circuits, but can also 
be applied to so-called 'dry' electrolytic con 
densers, as well as to A. C. CondenSerS. 
Therefore We do not wish to be limited to the 

application and example described, but desire the 
appended claims to be construed as broadly as 
permissible in View of the prior art. 
What we claim is: 
1. In combination an electric circuit and an 

electrolytic condenser, said condenser being 
formed at a voltage corresponding to the Voltage 
which it has to stand in normal operation in Said 
circuit and being adapted to stand for extended 
time intervals a, Voltage exceeding considerably 
said normal Voltage Without deleterious influence 
to the condenser. 

2. In a variable impedance load device, a poWer 
Supply for said device comprising an alternating 
current Source and a rectifier, filtering means. On 
the output side of Said rectifier, said filtering 
means including an electrolytic condenser having 
a filmed electrode formed for the Voltage to which 
the condenser is Subjected in normal Operation, 
Said condenser being adapted to Stand Without 
deleterious effect the over-voltages applied there 
to during the heating up of the tubes. 

3. An electric filter circuit comprising an elec 
trolytic Condenser formed at a maximum voltage 
Substantially equal to that which the condenser 
has to stand in normal operation in Said filter 
circuit, Said condenser when subjected in said 
circuit to Woltages considerably exceeding the 
normal operating Voltage, substantially increas 
ing its leakage current without accompanying 
Sparking phenomenon. 

4. In the operation of a radio receiving set 
having receiving tubes and a filter circuit con 
taining an electrolytic condenser having a filmed 
electrode, the method of energizing the filter cir 
cuit Comprising the steps of applying across the 
Condenser during the heating up of the receiving 
tubes a Voltage greatly exceeding the maximum 
film-forming Voltage of the electrode while pass 
ing through the condenser a greatly increased 
leakage current Without causing Sparking of the 
condenser, and reducing said condenser voltage 
below said maximum film-forming voltage when 
the receiving tubes have reached their normal 
heating temperature. 

PRESTON ROBINSON. 
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