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The present invention relates to a method of electro 
lytically etching aluminum surfaces, especially of alumi 
num electrodes ‘for electrolytic capacitors. 
The etching of aluminum electrode foils increases their 

surface areas, and consequently increases the capacitance 
of the capacitor, in which these foils are employed. 
Electrolytic processes are known for etching by using a 
pulsating direct current, whereby greater increase in 
surface area is attained compared ‘with a process employ 
ing direct current of constant value. By pulsating direct 
current is meant a uni-directional uninterrupted current 
Whose magnitude?uctuates periodically. According to 
British Patent No. 715,525, the current-time curve of the 
pulsating current may be of different square or sine wave 
form, but the degree of pulsations must be within the 
range of 50 to 250%, i.e. the total current variation ex 
pressed as a percentage of the average current value. v 
The pulsating current may be generated in different ways, 
but an unsmoothed recti?ed current, which could ‘be ob 
tained from ‘1- or 3-phase alternating current of sine ‘Wave 
form is said to be unsuitable, as the degree of pulsation 
is too low. 

Besides the degree of pulsation, other etching condi— 
tions, such as the'temperature, the current density and 
the electrolyte concentration also influence the extent of 
surface increase. In the aforesaid British patent, a high 
current density, as for example, 50 to 60 amps./dm.2, and 
an electrolyte concentration as low as possible, as for ex 
ample, between 0.1 and 0.2 N are said to be optimum. 
As electrolyte, aqueous solutions of several acids and 
salts, especially halogen compounds are employed. 

It has been found in accordance with the present inven 
tion, that )by employing a speci?c combination of different 
etching conditions, the surface area may be increased 
still more. In accordance with the present invention, 
the etching is carried out using direct current with a pul-_ 
sation degree of below 50%, but of at least 5%, an aver 
age current density of over 50 amps./dm.2, an electrolyte 
concentration in the range of 3 moles per liter up to 
saturation and a temperature between 70° C. and the 
boiling point. With these etching conditions, the highest 
increase in surface area is attained, especially on ‘alumi 
num electrodes for low voltage capacitors, that means on 
electrodes which are provided with the dielectric layer by 
anodic oxidation at a voltage below 100 volts. 

In accordance with the present invention, the speci?ed 
etching conditions must be applied in combination, in 
order to obtain the highest increase in surface area. If 
even one of these conditions is changed, as for example, 
by employing a degree of pulsation of over ‘50% or an 
average current density below 50 amps./dm.2, the surface 
increase is less. However, the frequency‘of pulsation 
may be varied within a wide range, for example, between 
50 and 2000 cycles per second or even more. Alterations 
of the frequency beyond 200 cycles per second have 
hardly an influence on the extent of surface increase. 

The low degree of pulsation employed compared with 
the known method has the advantage of permitting the 
use of an unsmoothed, recti?ed current from 1- or 3-phase 
alternating current of sine form, which is easily gen 
erated. However, as far as certain aspects of the inven 
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tion are concerned, the time-current curve of the pulsat 
ing current may also have other forms. 

Suitable electrolytes which may be employed in ac 
cordance with the present invention are aqueous solu 
tions of chlorides, ‘bromides, iodides and chlorates of the 
alkaline metals, and especially a sodium chloride solution. 
The concentration of these compounds-in aqueous solu 
tion must ibe 3 moles per liter or higher. A saturated 
sodium chloride solution has a concentration of about 5 
moles perliter depending‘ somewhat on the temperature. 
An addition of 1 to 5% ‘by Weight of hydrochloric acid 
proved to be advantageous. However, the addition 
should not be too great in order that the aluminum is not 
attacked by the electrolyte before the current is ‘applied. 
The current density is limited’ ‘by the highest possible 

electrical load at which the foil becomes overheated and 
begins to melt. 

Various other features of the invention are apparent 
from the following examples, illustrating the principles 
of the invention and by the accompanying drawings, in 
which: , 

FIGS. 1-3 show the time-current curves employed in 
connection with the following examples respectively; and 
,FIGS. 4-6 show the corresponding circuits ‘for gen 

erating the pulsating currents employed in connection 
with the ‘following examples. In these drawings, (1) 
designates the aluminum foil to be etched, (2) the etching 
electrolyte solution and (3) the electrolyte container con 
stituting the cathode. 

I Example 1 

An aluminum foil having a purity of 99.99% Was 
electrolytically etched during 80 seconds after degreasing 
and pickling, by feeding continuously through an aqueous 
solution of ‘5 moles of sodium chloride per liter (29%) 
at a temperature of 80° C. The direct pulsating current 
employed was an unsmoothed recti?ed current derived 
from a 3,-phase alternating sine wave current. This pul 
sating current had an average current density of 80 
amps./dm.2 and a time-current curve as shown in FIG. 1. 
The ?uctuations of the current were of such magnitude as 
to give a degree of pulsation of 20%. For generating 
this current, a circuit with a 3-phase recti?er ‘4, as shown 
in FIG. 4 was employed. 
The increase in surface area obtained by etching the 

aluminum foil in accordance with Example 1 was meas 
ured as a ratio of the capacity values of an etched foil 
and an unetched foil ‘after formation of the dielectric layer 
by anodic oxidation at 6 volts in an electrolyte containing 
boric acid. The increase was 45 to 50 vfold. 

Example 2 

An aluminum foil of 99.85% purity was etched in an 
aqueous solution containing 5 moles of sodium chloride 
and 5% by weight of hydrochloric acid at a temperature ‘ 
of 90° C. The etching current Was derived from a direct 
current generator smoothed land superposed with alter 
nating current in such a way as to yield a pulsating direct 
current having a degree of pulsation of 20%. The time 
current curve of this pulsating direct current is shown in 
FIG. 2 and the circuit‘ is shown in FIG. 5. This circuit 
comprises a first loop consisting of a direct current gen 
erator 5 and a choke 6 in series with the generator for 
cutting up the alternating current, and a second loop in 
parallel with said ?rst loop and consisting of an alter 
nating current generator 7 and a condenser 8 in series with 
said alternating current generator for avoiding direct cur~ 
rent flux through said alternating current generator, the 
two loops being connected in parallel with the aluminum 
foil 1 and the cathode container 3. The average cur 
rent density was 100 amps./dm.2. After 75 seconds of 
etching, the increase in surface area Was about 40 fold. 
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Example 3 

Two aluminum foils 1a and 1b of 99.5% purity were 
etched simultaneously in two aqueous etching solutions 
2a and 2b containing 5 moles of sodium chloride per liter 
at the boiling point. These foils 1a and 1b and cathode 
containers 3a and 312 ‘for the baths 2a and 2b respectively 
were connected into an electric circuit shown in FIG. 6. 
By means of a throw-over switch 9 in this circuit, direct 
current was fed alternately to both baths 2a and 2b, there 
by supplying said baths with interrupted direct current. 
Resistances 10a and 10b shunted across the switch 9 per 
mittcd additional direct current to ?ow continuously 
through the baths. The result was a pulsating direct cur 
rent' ?ow having the square wave characteristics shown in 
FIG. 3 and having a degree of pulsation of 20%. The 
average current density was 100 amps./dm.2- After 100 
seconds of etching, the increase in surface area was 40-45 
fold. 

If an aluminum foil is etched with a recti?ed alternat 
ing current having a degree of pulsation of over 50%, the 
other conditions “being the same as in the speci?c examples 
described, there is obtained only a 30 fold increase in 
surface area. Also, when using lower current densities 
or electrolyte concentrations, the increase in surface area 
obtained is less than that obtained by using the conditions 
in accordance with the present invention. 
While the invention has been described with particular 

reference to speci?c embodiments, it is to be understood 
that it is not to be limited thereto but is to be construed 
broadly and restricted solely by the scope of the appended 
claims. 
What is claimed is: 
1. The method of etching aluminum to increase‘ its 

surface area for use in electrolytic capacitors after ‘a di 
electric layer has been anodically formed thereon at a 
voltage below 100 volts, which comprises subjecting said 
aluminum to the action of an aqueous electrolytic solu 
tion containing essentially a halogen compound of the 
class consisting of alkali metal chlorides, bromides, iodides 
and chlorates, by a pulsating direct current having a 
degree of pulsation of less than 50%, but of at least 5% 
and an average current density of more than 50 amps./ 
dm.2,\ the concentration of the halogen compound in said 
solution being 3 moles per liter up to saturation and the 
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temperature of said solution being between 70° C. and 
the boiling point of said solution. 

2. The method as described in claim 1, in which the 
electrolyte is an aqueous solution of 3 to 5 moles of 
sodium chloride per liter with the addition of 1 to 5% 
by weight of hydrochloric acid. - 

3. The method according to claim 1, in which the 
pulsating direct current is an unsmoothed recti?ed cur 
rent derived from 3-phase alternating current of sine 
wave form. - 

4. The method as described in claim 1, in which the 
pulsating direct current is a smoothed wave current de 
rived from direct current of uniform value modi?ed by 
alternating current superposed thereon. 

'5. The method as described in claim 1, wherein direct 
current of constant value is continuously supplied to the 
electrolyte and at the same time, direct current of con 
stant value intermittently interrupted is supplied to the 
electrolyte to produce the pulsating direct current for said 
electrolyte. _ 

6. The method as described in claim 5, wherein two 
etching operations are carried out at the same time in two 
electrolytic baths, by alternately delivering direct current 
of constant value to one bath and interrupting the latter 
current to the other bath, while simultaneously delivering 
current of constant value to both baths. 

7. The method as described in claim 1, wherein the 
aluminum etched is a foil for forming an electrode for 
an electrolytic capacitor. 
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