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This invention relates to condensers and more 
particularly to electrostatic condensers in which 
the dielectric consists in electro-formed oxide 
coatings on the surfaces of one or more of the 
plates. 
In general the objects of the invention are to 

produce efficient electrostatic condensers adapt 
able for wide varieties of uses, to produce con 
densers of permanent capacity embodying di 
electrics of high strength, and to provide meth 
ods of making such condensers. Other more 
specific objects and various advantages of the 
invention will become apparent from the follow 
ing description of preferred embodiments thereof. 

Preferably I attain the above and other objects 
of the invention by constructing condensers with 
one or more plates composed of aluminum Or 
other film-forming metal provided with electro 
formed dielectric coatings or films of the type de 
scribed in the copending application of Joseph 
B. Brennan and Leona Marsh, Serial No. 243,542, 
filed December 2, 1938, now Patent No. 2,346,658, 
issued April 18, 1944. As described in that ap 
plication dielectric films can be formed on film 
forming metals such as aluminum, magnesium. 
tantalum and their alloys by Subjecting the metal 
to electrolysis as an anode in an aqueous solution 
of a film-forming electrolyte and a potential con 
densation product of the urea-formaldehyde type 
or the phenol-formaldehyde type, and carrying 
out the electrolysis at a voltage greater than the 
breakdown voltage of the film, such that spark 
ing takes place on the surface of the metal. For 
example, the electrolysis may preferably be car 
ried out in an electrolyte of approximately the 
following composition: 

Parts 
Urea ------------------------------------ 200 
Formaldehyde (40% solution by volume).---- 165 
Boric acid------------------------------- 200 
Ammonium hydroxide (Sp. Gr, 0.0).-------- 112 

The operation is carried out with the aluminum 
as the anode at a voltage such that sparking takes 
place over the surface of the metal being treated. 
The voltage employed may be of the order of 
250-500 volts, and the current density may be 
about 2.6 milliamperes per square centimeter of 
surface, although the voltage and current may 
be varied within reasonable limits. 

During the forming process the surfaces being 
formed appear to have tiny blue flames traveling 
over them, and the operation produces an adher 
ent film, probably composed of oxides and/or hy 
droxides of the metal being treated, on the sur 
face of the metal. The film or coating is unusual 
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and distinctly different from the ordinary oxide 
coating in that it presents a flat, substantially 
white, non-metallic appearance. The film is 
uniform over the entire surface of the part being 
anodized, is strongly adherent to the underlying 
metal and is porous and absorptive, although the 
pores are very minute. The electrolysis may be 
completed in about 20 minutes, or may be carried 
out for much longer periods depending on the 
thickness of film desired. At the completion of 
the operation, the filmed plates are removed from 
the electrolyte, washed in water or other suitable 
solvents to remove the electrolyte therefrom, and 
dried, whereupon they are ready for incorpora 
tion into condensers. 
This type of film is peculiarly advantageous in 

electroStatic condensers. Because of its absorp 
tive properties, it is possible to impregnate the 
film or coating with various dielectric materials, 
thereby increasing the dielectric strength of the 
film; further the nature of the process by which 
the film is produced is such that the thickness of 
the films or coatings can be accurately con 
trolled, and films or coatings of widely different 
thicknesses can be produced. 
As noted above, the film-forming operation is 

carried out at high voltages with sparking taking 
place over the surfaces being formed. The film 
ing operation is thus different from conventional 
filming operations which are carried out at volt 
ageS below the breakdown voltage of the film. 
The practical limit, therefore, of electrolytic con 
densers with conventional films is about five or six 
hundred volts, and the films are extremely thin. 
The film which I preferably employ, however, 

is formed by the sparking or burning-in opera 
tion as noted above. The thickness of the film 
does not depend as much upon the forming volt 
age as upon the time of treatment. Thus, for 
example, if the forming operation is carried out 
for say about 20 minutes, the film will uniformly 
cover the surface being treated, but will be rela 
tively thin, and have sufficient dielectric strength 
when removed from the electrolyte and washed 
and dried to withstand four or five hundred volts. 
However, if the operation is carried on for a 
greater length of time, the thickness and dielec 
tric -strength of the coating can be increased 
many fold. For example, if the plate is suff 
ciently-thick a film or coating having a thickness 
of 6 inch or more can be produced. Such a 
coating when removed from the electrolyte and 
dried has a very high dielectric strength which 
can be further increased by impregnating the 
porous coating with suitable dielectric materials. 
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Desired intermediate thicknesses can be obtained 
by controlling the duration of the film-forming 
operation. Ordinarily, film thicknesses of a few 
thousandths of an inch will be sufficient. 
Thus by carrying out the forming operation 

for the proper length of time, dielectric coatings 
of various thicknesses suitable for various pur 
poses may be produced. Where a condenser of 
high capacity for low voltage service is required, 
the film is kept at a minimum thickness. For 
high voltage service, the thickness is increased, 
although the capacity per unit of area of the con 
denser plates will be reduced accordingly. 

Referring now to the drawings, Figure isome 
what diagrammatically illustrates one form of 
condenser embodying my invention; Figure 2 is 
a perspective of one of the plates of the con 
denser of Figure 1; Figure 3 is a diagrammatic 
section on an enlarged scale taken on line 3-3 
of Figure 2; Figure 4 is a section on a greatly en 
larged scale diagrammatically illustrating the 
probable nature of the film as I understand it, 
and Figure 5 is a similar illustration showing an 
impregnated film. In each figure, the thickness 
of the plates is greater than would ordinarily be 
employed. 
As shown in-Figure 1, a condenser fo embody 

ing my invention may comprise a stack of plates 
and 2 arranged alternately, the plates f 

being of one polarity and the plates 2 of Op 
posite polarity. In the embodiment shown, the 
plates may or may not be provided with di 
electric films as desired. If unfilmed plates are 
employed, they may be composed of any suit 
able metal such as thin aluminum or other con 
veniently available metal. These plates may be 
connected to the external circuit through termi 
nal members 3 which may be welded together 
as at 5. 
The intermediate plates 2 are provided with 

terminal members 4 welded together as at 6 and 
as shown particularly in Figures 2 and 3, each of 
these plates is provided with dielectric films or 
coatings T which constitute the di-electric of 
the condenser, separating the plates 2 from the 
plates ff. Preferably the dielectric coating does 
not extend over the entire terminal tab 4, being 
stopped short as indicated at 8 in Figure 2 so 
that the plates f2 can readily be connected to 
the external circuit. 

It Will be noted that in the condenser shown, 
if the plates are unfilmed the coating carried 
by the plates 2 is the only dielectric. The coat 
ing is of substantially uniform thickness through 
out and covers all of the surfaces of the plate SO 
that there is no likelihood of short circuiting 
taking place. Thus no additional separators or 
spacers are required. As shown at 9 in Figure 
3, the coating extends around the corners and 
along the edges of the plate f2 with substantially 
uniform thickness at these points. Because of its 
adherent nature and mechanical strength, the 
coating is not apt to be damaged during the as 
sembly of the condenser, and no great precall 
tions need be taken in handling the condenser 
plates. 
Obviously plates embodying coating made ac 

cording to my invention can be utilized in con 
densers of different types. For example, the 
number of plates in the stack may be varied wide 
ly and if desired both sets of plates in the condens 
er may be provided with dielectric films. For a 
given thickness of film the dielectric strength of 
the condenser will be substantially doubled if 
both sets of plates are filmed. Because of the 

4. 
adherent nature of the oxide coating, condensers 
embodying thin plates made according to my in 
vention may be made in rolled form rather than 
the flat form shown. In producing such con 

5 densers aluminum foil may be treated contin 
uously to produce the dielectric coating and rolled 
up into condensers without requiring any spacing 
materials between the foils. In such condensers 
only one of the folls need be provided with the 
coating, although both foils may be so coated if 
desired. The completed condensers of various 
types may be enclosed in suitable boxes or cas 
ings. 
As noted above, the coating formed on alumi 

num, and other film-forming metals by my 
method is of high dielectric strength after the 
metal has been removed from the electrolyte and 
the coating washed and dried. When dry, the 
coating evidences the properties of a true di 
electric, blocking the flow of current in both 
directions. The coating also effectively protects 
the underlying metal from the influences of at 
mospheric corrosion, and thus condensers em 
bodying plates provided with my dielectric coat 
ing are of constant and stable capacity and not 
subject to deterioration because of atmospheric 
influences. 
While the coating itself is an excellent dielec 

tric material, its dielectric strength and resist 
ance to corrosion may be made even greater by 
impregnating or sealing the porous coating with 
suitable dielectric material. The porous nature 
of the film is such as to permit ready impreg 
nation by various dielectric materials. While I 
have been unable to determine exactly the con 
struction of the film, the action and characteris 
tics thereof indicate to me that it is of the gen 
eral nature indicated diagrammatically in Figure 
4. As shown in this figure, which is on a great 
ly enlarged scale, the film it is pocketed or tra 
versed by many closely spaced, minutes, irreg 
ular capillary channels or passages 20 which ex 
tend from the outer surface of the film approx 
imately to the underlying base metal. It is the 
presence of these openings which permits the 
forming Operation to continue until the film is 
built up to considerable thickness, and the mi 
nute capillaries become filled with the dielectric 
material when the film is impregnated. This is 

50 indicated diagrammatically in Figure 5 where the 
impregnating material indicated at 2 penetrates 
the openings 20 and overlies the intermediate 
portions of the film or coatings as indicated 
at 22. Inasmuch as the film or coating is firm 
ly bonded to the underlying metal 2, the di 
electric impregnating material is also bonded 
thereto by its penetration of the minute capillary 
Openings in the coating. 
Any Ordinary dielectric materials which can be 

applied in liquid or paste form may be employed. 
The films or coatings will readily absorb oils, 
greases, waxes, varnishes, lacquers, light-sensi-. 
tive Coatings such as albumen and Sensitized. 

65 gelatin, latex and various natural and synthetic 
rubber materials (all of which are intended to 
be included within the term “rubber' as used 
in the claims) natural resins and synthetic resins, 
condensation products of phenol and formalde 

70 hyde and condensation products of urea, and 
formaldehyde. The impregnated plates may be 
baked or otherwise subjected to heat to cure the 
impregnating material within the pores of the 
coating if necessary. Where light sensitive ma 

75 terials are employed, they are preferably ren 
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dered insoluble by exposure to light before the 
plates are assembled into condensers. 
Adhesive dielectric materials, such as the var 

ious lacquers, resins and condensation products 
noted above, may be used advantageously in im 
pregnating the films, for when such materials 
are employed, the impregnating material may be 
used to bond adjacent plates of the condenser 
together. Thus the portions 22 of the impreg 
nating material may function to bond the plate 
2 either to an unfilmed plate, to a filmed but not 

impregnated plate or to a similar filmed and in 
pregnated plate. If desired, in producing a con 
denser of this sort, the plates may be assembled 
into condenser form and then impregnated with 
a suitable dielectric material having adhesive 
characteristics. For example, thermosetting or 
thermoplastic dielectrics may be injected in fluid 
form into the condenser assembly. On curing or 
cooling, the plates of the COIndenser will firmly 
bond together by the adhesive dielectric mate 
rial. 
Preferably the impregnation is carried out by 

first subjecting the plates to be impregnated to 
a vacuum to remove air from the porous film 
or coating and then applying the impregnating 
material. If desired the assembly of plates may 
be disposed within a container and immersed in 
a suitable dielectric fluid to provide condensers 
of the oil or gas types. In such cases, the films 
or coatings become saturated with the dielectric 
fluid and serve to space the plates from each 
Other. 
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I claim: 
The method of making condensers which in 

cludes the steps of providing an aluminum plate 
with an adherent, capillary porous, electro 
formed dielectric film by subjecting the aluminum 
to electrolysis as an anode in an aqueous solution 
of a potential condensation product of urea and 
formaldehyde having boric acid and ammonium 
hydroxide added thereto, and carrying out the 
electrolysis at a voltage such that sparking takes 
place on the surface of the aluminum, assembling 
the plate with another metallic plate directly jux 
taposed thereto, and impregnating the assembly 
with an adhesive dielectric material. 

JOSPB B. BRENNAN. 

REFERENCES CEO 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
1,706,816 Pickard ---------- Mar. 26, 1929 
1751,213 McCulloch -------- Mar. 18, 1930 
1895,376 Clark ------------- Jan. 24, 1933 
1934,192 Houck ------------- Nov. 7, 1933 
1947,112 Ruben ------------ Feb. 13, 1934 
1966,163 Clark ------------- July 10, 1934 
2,166,180 Ruben ------------ July 18, 1939 
2,174,840 Robinson ---------- Oct. 3, 1939 
2,293951 Seastone et al. ----- Aug. 25, 1942 
2346,658 Brennan et al. ----- Apr. 18, 1944 

  


