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Claims. 

This invention relates to a novel process of 
manufacture of electrolytic devices and more 
particularly to the manufacture of electrolytic 
condensers, 
The present invention is a divisional applica 

tion of my copending application Serial No. 
716,714 filed March 21, 1934. 

Electrolytic condensers in their usual form 
comprise two electrodes, at least one of which is 
of so-called filming metal, for instance, of alumi 
num, tantalum, zirconium, etc. The condenser 
is provided with a suitable electrolyte, which may 
be highly fluid, as in the case in the so-called 
'wet' electrolytic condensers, or may be more 
or less viscous, as is the case in the So-called 
'dry' electrolytic condensers. My invention ap 
plies to both wet and dry types of electrolytic 
condensers and irrespective of whether One or 
both of the electrodes of the condenser are 
filmed. 

In electrolytic condensers the capacity effect 
is due mainly to the dielectric properties of the 
film formed on the filmed electrode or electrodes. 
This film consists as a rule of an electrolytically 
formed, partly hydrated oxide of the metal of 
the filming electrode. 
As is known, the capacity of any type of con 

denser is proportionate with the effective area of 
the electrode and inversely proportionate with 
the thickness of the dielectric layer. 
In the electrolytic condensers the thickness of 

the film depends to a considerable extent upon 
the forming voltage, respectively operating volt 
age of the condenser, this thickness increasing 
and the capacity of the condenser decreasing 
with increasing voltages. Under Substantially 
identical conditions a square inch of filmed elec 
trode area, at a given voltage, will thus produce 
in the condenser a capacity of a substantial fixed 
value. For instance, in the 'wet' electrolytic 
condensers now widely used, having electrolytes 
consisting of boric acid and a Salt of boric acid 
dissolved in water, at room temperature and low 
frequencies, one square inch of superficial filmed 
electrode area at 450 volts gives about .1 mifd. 
As aluminum is the most commonly used film 

forming metal, in the further description...I shall 
assume aluminum as the film-forming metal. 
It should, however, be well understood that cer 
tain aspects of my invention apply also to con 
densers having electrodes made of other film 
forming metals, for instance, tantalum, zirconi 
um, etc. 

In present-day electrolytic condensers the 
aluminum electrode subjected to film formation 

(C. 175-35) 
is usually a foil or thin sheet having a micro 
Scopically Smooth Surface. While it has been 
realized long since that by roughening or etch 
ing the surface of the aluminum, its effective 
area could be increased, and thus with a given 
aluminum electrode a condenser of a larger 
capacity obtained, past endeavors in this direc 
tion have generally been unsuccessful and did 
not result in Satisfactory condensers. 
In the Copending application of Preston Robin 

Son and Joseph L. Collins, Serial No. 526,118, 
filed March 28, 1931, now U. S. Patent No. 
2.067.703, issued January 12, 1937 a treatment 
of the aluminum foil has been described, by 
means of which the effective area of a filmed 
electrode can be Substantially increased, where 
by a considerable Saving in aluminum is ob 
tained without affecting the quality of the con 
densers. More specifically, in said application, 
there is described a method of treating an alumi 
nun electrode, prior to film formation, in a 
Strong alkaline Solution in the presence of a 
proper inhibiting agent. By means of this treat 
ment the aluminum surface is evenly etched and 
the effective area of the electrode and the spe 
cific capacity of the condenser considerably in 
creased. 

I have found that the successful etching of 
the film-forning electrode, for instance, of alu 
minum, to obtain thereby an increased capacity 
for a given electrode area, depends primarily 
upon the grain structure of the aluminum. 
The grairi structure of aluminum not only de 

pends on its purity but also on the character and 
amount of the impurities contained therein, and 
I have found that the finer grained and the 
denser the structure of the aluminum, the bet 
ter results can be obtained by etching the alu 
minum Surface prior to film formation, and the 
larger thereby the gain in the capacity of the 
condenser for a given aluminum electrode. 

In present day practice a commercially avail 
able, high-purity aluminum is used for the film 
ing electrode. Such aluminum may comprise 
about 99.6%-99.8% of aluminum, the balance 
being made up of various impurities, as iron, 
silicon, with traces of copper and manganese. 

I have found that Such high-purity aluminum 
is not the best material to be subjected to such 
etching (and to thereby obtain a large increase 
in capacity), and this not only because of the 
deleterious influence of the remaining impuri 
ties upon its grain structure, but because even 
if these impurities are entirely removed, the 
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In the electrolytic formation of the film on an 

aluminum surface, the best results are obtained 
when the aluminum is freely suspended in the 
electrolyte; those portions of the aluminum elec 
trode which contact with foreign material and 
which contact with adjacent portions of the elec 
trode, are difficult to form and in the operation 
of the condenser, corrosion is likely to occur at 
Such portions. 
In the past it has been assumed that poor film 

formation and corrosion of Such portions WaS 
because the proper access of the electrolyte to 
such portions was prevented. 

I have found that Such difficulties are not only 
present in case of direct contact between such 
portions, but exist as long as the distance between 
adjacent portions of the filmed electrode is below 
certain limits, the values of which depend pri 
marily on the Voltage applied to the fined elec 
trode. 

I believe that this is due to high-speed posi 
tive ions being emitted from the fined elec 
trode-which constitutes the anode in formation 
as well as in operation of the condenser-and 
which ions impinge upon and damage the film 
of closely-spaced adjacent electrode portions. 

For instance, in condensers formed or operated 
at 450 volts, these difficulties will exist to a more 
or less marked extent, unless the mean free dis 
tance between adjacent portions of the filmed 
electrode is at east .02 to .03 inch. 

In etched electrodes adjacent portions of the 
filmed electrodes are necessarily quite close to 
each other, and this causes difficulties in film 
formation and corrosion in Operation. 

I have found that such difficulties can be over 
come, or at least can be greatly reduced, both 
in the case of Smooth Surfaced aluminum elec 
trodes having closely spaced portion (for in 
stance closely pleated aluminum foils) as well 
as in the case of etched electrodes, by the addi 
tions to the electrolyte of certain Substances 
which I shall refer to as film protective agents. 
Such agents are, for instance, certain carbo 

hydrates, which have the property of forming 
insoluble compounds with the aluminum oxide 
film. Thus the high-speed positive ions which 
are emitted from the film, instead of impinging 
on adjacent portions of the film, are caught or 
absorbed in the carbohydrate compound layer 
protecting the film. 
A suitable carbohydrate for this purpose is, for 

instance sucrose, and similarly levulose, lactose, 
maltose, etc. 

I have also found that besides carbohydrates 
other chemicals may be used as Such film protect 
ing agents. For instance, monobasic acids of the 
long chain type, as palmitic, stearic, oleic, abietic 
acids, can be used for this purpose, since they 
form compounds with the film, which compounds 
are insoluble in the electrolyte. 
Carbohydrates are Soluble in both aqueous so 

lutions and polyhydric alcohol Solutions of the 
usual electrolytes, for instance of electrolytes 
comprising boric acid, phosphoric acid and citric 
acid, and/or the Salts of Such Weak acids, and 
can therefore be added directly to the electrolyte. 
In the case of monobasic, fatty, long-chain 

acids, as above enumerated, which are not solu 
ble in the electrolyte usually employed, these 
acids are preferably emulsified in the electrolyte 
by the addition of salts of these insoluble acids, 
for example of Sodium or ammonium Salts of 
Such acids, and by mechanically agitating the 
electrolyte. 

3. 
I have found that a very small amount of Such 

a protective agent, for instance, 1% of Sucrose, 
has a very marked effect on the film formation 
and prevention of corrosion on Such critical 
points. The amount added, however, depends 
On the agent, on the specific properties of the 
electrolyte, on the thickness of the aluminum, 
and on the voltage for which the condenser is 
designed. 

The amount to be added is usually smaller 
in the case of wet condensers than in the case 
of dry condensers. 

In the case of wet condensers I may add about 
.5% to 5% of the agent, and in the case of dry 
condensers I may add about 5 to 40%, although 
se or less this amount may be used at discre 
ion. 
The addition of such agents does not injure the 

electrolyte as long as it is otherwise free of in 
purities. 

I shall describe more fully some embodiments 
of my invention in connection with the attached 
drawing, in which: 

Figure i is a partly sectionized side view of a 
"wet' electrolytic condenser embodying my in 
Vention. 

Fig. 2 is a partly sectionized side view of a 
"dry" electrolytic condenser embodying my in 
Vention. 

Fig. 3 is an enlarged schematic section through 
an etched aluminum electrode made in accord 
ance with my invention. 

In the manufacture of condensers, according to 
my invention, aluminum of high purity, prefer 
ably of 99.6-99.8% purity, is molten and cast to 
gether with the modifying agent. As far as the 
etching results are concerned, the purity of the 
aluminum is not critical. However, the film 
forming properties of the aluminum are improved 
With higher purity, and therefore I prefer to use 
high-purity aluminum as above stated. 
The modifying agent is preferably an alkaline 

metal either in metallic form, or in the form of 
an easily reducible Salt, for instance, a halide of 
an alkaline metal. Alkaline earth metals which 
are electropositive with regard to aluminium, for 
instance calcium, can also be used. I prefer to 
use Sodium and add about .1 to .2% sodium to 
the aluminum before casting it. 
During the casting, most of the sodium eVapo 

rates, the remaining sodium being of the order 
of about .0%. 
The above treatment gives an aluminum of 

trained Crystalline and high-density struc 
e. 

The aluminum is then subjected to the me 
chanical operations to bring it in proper shape, 
for instace, to rolling to obtain aluminum sheets 
or foils, and to corrugation or pleating, etc. The 
So-formed aluminum is then subjected to etch 
ing. 
As to the exact Schedule of the etching process 

I have found in general any of the methods used 
in preparing aluminum for electro-plating such 
as are described in "The Aluminum Industry' by 
Edwards, Frary and Jeffries, McGraw-Hill, New, 
York 1930, page 492, et seq., may be used. For 
example, the metal may be first cleaned with an 
alkaline cleaner or with a solvent such as kero 
Sene. The surface of the metal may then be 
made uniformly active by a dip of from five to 
thirty seconds in a solution of one part 50%, hy 
drofluoric acid to nine parts of water, or in a 
Solution containing one part 50% hydrofluoric 
acid and three parts of nitric acid. The main 
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ho'.J373i, Oihar reageniS Sicil as Scdium chloride, 
i.errolas chlorida, nickelous caloride or ranganous 

, chloride may be added. 
The main difference eat year the technique 

developed ior prepairing aitainina in for electro 
paing and gregarisig it, foa iiiga for nation so as 
to bring about a algh cai22 city, is that in genera: 
3, Onge Schedule of Oceasions is Enecessary. 
For example, "where it: sects'o-pilating, hydro 
thletic acid with or y/ithout the addition of other 
3horide3 neai Cnly e2 aiplied for irnes of the 
Drises of One Dr India Caixalias, £of the purpose of 
the TeSean application 2, Sciaedale of tae order of 
tragraisite of One C. Ca Ce Solars yields Roette 
rest3. 

also, other Crcessses (or etcaiaag auniaaua 
73. 3OTia in a 23r, raayee adjusted to apply 

to ille CreSeni, Ooject, Di in C'easing the surface 
area. Of 12 SLCai (Allia. 

3 at a sexanols of the congaiative effects, 
haye isaited so-cast cornraercially pare aluatial 
alara and inctifiad ailinical: plates according to 
the fic. Wing Scasedille: 
ipped it hydroi:Diric acid and nitric acid 

mixila as descroad 2007e Soir ive Seconds, ika 
gasersed in 52, hydrochloric acid for Oxle laoui. 
she cirnrnarcial 37 plai's ailininian (99.8%) has 
approximately the folloying inpurities: iron 
.2% silic Cri Dil 2, cope; .33% or less; (22 
ganese .03% or eSS. Tag Radilled at:Yili. I 
had suicstantially as Sa:Ge COXI aposition except 
thai, i had been incidified jita Sodiulia and coa 
tained a reminain, of .01% or less Sodiurn. Fiates 
So itsated were rinsed in axali and in goric acid 
Solution and 7 era hein for:Inted in 2 electrolyte 
of isola: alasi bric acid to 450 volts and the fo 
3oying yas found: the capacity of the conner 
cial all-niraulin was 0.3 ?aid. eZ Square inch; 
the capacity of the modited a liaigau in Was 0.2 
infi. per square incia. 
sordinary aluminus;n of the S2,372 composition, 

but noi, subjected to etching, Yili lago. A similar 
faim formation giye 5, capacity of about 0.1. Infd. 
per square is ca. 

gother schedules Cf etching Engin tae example 
cited yd3 produce different, capacities O2 the 
aluminum plate, 3ating as higa for the Xiaodified 
aluminum as 3.5 Infd. ge. Sgt.325.8 incia, and, SOFae 
wiaat erratically, eyena highes'. 

Modified ailminlica has he further advantage 
of requiring nich shorter etcairag Ci' eSS strong 
solutions than does coianaercial 2.u. airau Rica. 

iDuring the etching, as has can stated, the 
remaining sodilum C othai Gaodifying agent, dis 
Soyes in the etching SolRiiO3, which leaves a 
clean and pure aluminulrn Surface. 
The etching greatly increases the aluminuri 

surface compared to a smooth Sarface, a two or 
threefold increase being cottained as a rule, al 
though under certain coraditions 2, £ive-fold and 
even higher increase Inay oe Cotained. 
The etched a uninum, after Suitaoie rinsing 

is, in known manner, subjected to in-formation 
which may take place with the agplication of a 
suitable voltage, which for present-day condens 
ers is normally 30 to 600 yots degeRading on the 
use of the condenser. Tha electicoiyte used in the 
formation priceaSS COntains as a Lie a2, a queous 
solution of an acid, for instaace, coric acid, phOS 
phoric acid, citric acid, etc., and preferably also 
contains a sali, of 2, "Weak 2 cid, for instance, 2. 
sodiura or amanoraia Ga Salt of EcoA'ic acid, phoS 
phoric acid, eitric acid, etc., thereby the Sait 

s3. 3,305,250 
of She acid does Yaoi aeed to be the acid used in 
the electrolyte. 
To improve the fin fornisation, in overcoming 

the difficulties caused oy the closeness of adja 
cent portions of the etched electrodes, I prefer 
ably add to the forming electroiyte a film-pro 
itective agent in the form of a carbohydrate solu 
foie in the electrolyte, for instance, sucrose, lac 
tose, etc., or a nonobasic fatty, long-chain acid, 
as palaitic, Stearic, oleic and abietic acids. Such 
acids as 2, rule are insoluble in the electrolyte and 
I emulsify these acids in the electrolyte by adding 
to the electrolyte salts of these acids, for ex 
a Raple, their Sodium or ammonium salts, and by 
nechanically agitating the electrolyte. 
The addition of Such film-protective agents, 

of which I Sho'nally use .5 to 5%, obviates the 
difficulties encountered in the filming of etched 
electrodes. 
The flaned electrodes are then assembled into 

Conderasers, for instance, into wet condensers of 
the type as shown in Figure 1. This figure ill 
iustrates a Wet conderaser as used in filter cir 
cuits; it has a corrugated aluminum electrode 3 
which has been modified, etched and fined ac 
Cording to the above-described method and has 
a capacity Several times as large as has a corru 
gated electrode of exactly the same dimensions, 
but having a smooth surface. The container to 
forms the other electrode of the condenser and is 
preferably a chromium-plated aluminum can, the 
advantages of which are described in my Patent, 
No. 1,938,464. 
The container 0 is closed by a cover 2 of in 

Sulating material, through which projects a 
threaded extensior of the electrode 3, 
Said extension being provided with nuts 
65-S to form one of the outside terminals 
of the condenser, the container 0 forming 
the other terminal. The cover is provided 
with a vent 8 and a gasket 9, around which 
is carian ped the free end of the containe: 
S. referably sealing means for example a 
gasket 3 and a resilient washer 3 are also pro 
vided between the protruding end of the electrode 
33 and the cover 2. 
The mechanical construction of the condenser 

is given merely as an illustration and various 
other known constructions may be used. 
The electrolyte 6 is preferably an aqueous so 

ution of a weak acid, for instance of boric, phos 
phoric, citric acid, etc., to which may be added a 
Salt of a Weak acid, for instance, an ammonium 
or alkaline Salt of a Weak acid, whereby the salt 
added need not be that of the acid used in the 
electrolyte. 
The electrolyte preferably also comprises a 

film-protective agent to prevent corrosion of the 
fined electrode in the operation of the con 
denser, for the reasons previously set forth. One 
of the protective agents previously discussed in 
connection with the formation of the electrode, 
may be used, and preferably about .5 to 5% of 
such an agent is added to the electrolyte. 

Fig. 2 illustrates my invention in a 'dry' con 
denser. If this condenser is used for alternating 
current, as for example, for the starting of 
capacitor motors, both of the electrodes 20-20 
are of filn-forming metal, for instance of alumi 
nun. The electrodes are treated as previously 
described and thus are of a fine-grained and 
dense modified aluminum and etched and filmed 
in accordance with the invention. 
The fined electrodes are assembled in rolls or 

stacks either With or without the interposition of 
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Spacers. In case spacers 2-2 are used, as 
shown in the drawing, these consist preferably 
of a fabric, as gauze or of other absorbent mate 
rial, for instance of Celiophane, paper, etc., and 
also Serve as carrier for the electrolyte. 
The electrolyte is more or less viscous and com 

prises preferably a weak acid, to which the salt 
of a weak acid may be added. These electrolytes 
have in general the same type of ionogens as 
enumerated in connection with the 'wet' elec 
trolytic condensers. However, the solvent of such 
dry condensers as a rule comprises a polyhydric 
alcohol, as glycerol, ethylene glycol, etc.; also a 
Substance which increases the viscosity and/or 
conductivity of the electrolyte may be added. 

Furthermore, to prevent corrosion of the con 
denser in operation, I prefer to add to the elec 
trolyte a film-protective agent, as previously de 
Scribed, namely, a soluble carbohydrate or a 
monobasic, fatty, long-chain acid. The amount 
of such protective agent may greatly vary and 
may be between 5 and 40%. This agent may 
partly replace the polyhydric alcohol. 
As stated above, the use of a protective agent 

of this type is also useful in the forming and/or 
final electrolyte of both wet and dry condensers, 
the electrodes of which are Smooth, especially 
when the electrodes of such condensers have 
closely-spaced corrugations, or have electrodes 
in which closely adjacent portions may adverse 
ly influence each other. 
In general, I prefer (both in the case of wet 

and dry condensers), to have a final electrolyte 
the pH of which is lower than the pH of the 
forming electrolyte, the advantage of this being 
fully described in the U. S. patent to Preston 
Robinson and Joseph L. Collins No. 1,916,586. 
In the case of dry condensers, I prefer to use 

the forming processing methods described in my 
copending application Ser. No. 548,270, filed July 
1, 1931, now U. S. Patent No. 2,057,314, issued 
October 13, 1936, and my Patent No. 1,935,860. 
The novel articles obtained with the method of 

the present invention are claimed in my above 
application Ser. No. 716,714. 
While I have described my invention on hand 

of specific embodiments and in specific appli: , 
cations, I do not wish to be limited to Same, but 
desired the appended claims to be construed as 
broadly as permissible in view of the prior art. 
What I now claim as new and desire to Ser 

cure by Letters Patent is: - 
1. In the manufacture of electrolytic condens 

ers, the process which comprises the steps, treat 
ing molten aluminum with a modifying agent 
which comprises a metal of the group of alkali 
and alkali earth metals which is electro-positive 
with regard to aluminum, casting Said nodified 
aluminum, and subjecting the aluminum So ob 
tained to chemical etching to increase the effec 
tive surface of said aluminum, and removing by 
said etching the modifying agent from the alu 
minum surface. 

2. In the manufacture of an electrolytic de 
vice, the process which comprises the steps, form 
ing an etched electrode of filming material in an 
electrolyte comprising a weak acid which is Solul 
ble in water and a monobasic fatty, long-chain 
acid. 

3. In the manufacture of electrolytic condens 
ers, the process which comprises the steps, form 
ing an electrode of filming material in an elec 
trolyte comprising a weak acid which is soluble 
in water and a compound of a mono-basic fatty 
long-chain acid radical. 

4. In the manufacture of electrolytic condens 
ers, the process which comprises the steps, add 
ing to an electrolyte comprising as a major con 
Stituent a Weak acid which is soluble in water 
Salts of an insoluble monobasic fatty long-chain 
acid, emulsifying the long-chain acid in the elec 
trolyte and forming an aluminum electrode 
therein. 

5. In the manufacture of electrolytic condens 
ers, the process of reducing the crystalline struc 
ture of the aluminum which comprises the steps, 
treating molten aluminum with a modifying 
agent of the group consisting of the alkali and 
alkali earth metals which are electropositive with 
regard to the aluminum and of the easily re 
ducible Salts of these metals. 

6. In the manufacture of electrolytic condens 
ers, the process of providing a fine crystalline 
structure for the aluminum which comprises the 
treatment of molten aluminum with .1% to .2% 
Sodium. 

7. In the manufacture of electrolytic condens 
ers, the process which comprises the steps, form 
ing an aluminum electrode having closely adja 
cent protruding portions, in an electrolyte hav 
ling as major constituent a weak acid which is 
Soluble in water and comprising an agent which 
forms a protective layer for the film during its 
formation in said electrolyte. 

8. In the process of providing film-forming 
electrodes for electrolytic condensers and the like, 
the steps of combining with a film-forming metal 
Such as pure aluminum, a relatively smaller but 
appreciable quantity of another metal not nor. 
mally associated with said film-forming metal 
as an impurity, thereafter exposing said metal 
Composition to the action of a chemical agent 
adapted to etch out said added metal Without 
readily affecting said film-forming metal. 

9. In the process of treating film forming elec 
trodes for electrolytic condensers and the like, 
the step of exposing an electrode COmpOSed Sub 
stantially of pure aluminum but containing an 
appreciable though smaller quantity of at least 
one other element intentionally added to the 
aluminum, said added element being normally not 
present as an impurity in aluminum to the ac 
tion of a solution adapted to readily etch out 
Said added element without Substantially etch 
ing out the aluminum, whereby the effective film 
forming surface of said electrode is materially 
increased. 

10. In the process of providing film forming 
electrodes for electrolytic condensers and the like, 
the steps of combining with a pure film forming 
metal Such as aluminum, a relatively smaller 
but appreciable quantity of another metal not 
normally associated with said film forming metal 
as an impurity, thereafter exposing said metal 
composition to the action of an etching solution 
to remove said added metal from the surface of 
Said composition. 

ll. In the process of providing film forming 
electrodes for electrolytic condensers and the like, 
the steps of combining with aluminum of a purity 
of at least 99.2% a relatively smaller but appreci 
able quantity of another metal not normally as 
Sociated with aluminum as an impurity, there 
after exposing said metal composition to the 
action of a solution adapted to etch out said 
added metal from the surface of said metal com 
position. 

PRESTON ROBINSON. 
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