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ABSTRACT OF THE DISCLOSURE 
Method of etching an aluminum electrode required in 

the manufacturing process of the electrolytic condenser 
by applying a pulsating direct current to the aluminum 
electrode immersed in an aqueous solution made up es 
sentially of Cl- of 0.02-0.2 mol/l, and CrO of 0.02 
0.1 mol/l. 

Our invention relates to a method of manufacturing 
aluminum electrolytic condensers. In the manufacture of 
an aluminum electrolytic condenser, the aluminum anode 
element is etched to increase the effective surface area of 
the aluminum anode element thus increasing the capacity 
of the condenser. 

In the conventional method, the aluminum anode ele 
ment is etched electrolytically in a liquid including a large 
amount of halogen ion. For example, the aluminum anode 
element is etched electrolytically in an etchant compris 
ing a 16% aqueous solution of HCl using a steady (non 
pulsating) direct current at a temperature of about 70° C. 
for several minutes. However, since a relatively high halo 
gen concentration is present, the entire surface can only 
be etched to a depth of less than 20a. It is, therefore, 
impossible to make the surface area broader than a cer 
tain value. Furthermore, since the etching liquid is a weak 
acid, the pH gradually increases as the etching proceeds 
and aluminum hydroxide precipitate (or settlings) is pro 
duced. These settlings lower the conductivity of the liquid 
and raise the bath voltage as they are precipitated on the 
electrode. 
Our invention has as an object the obviating of the 

above-mentioned defects and increasing the effective sur 
face area of the aluminum anode element and inhibiting 
the settlings of aluminum hydroxide. Our invention makes 
the aluminum anode element porous by etching. We add 
corrosion inhibitors, such as chromic acid and chromate, 
to a solution including halogen ion. The chromic acid si 
multaneously inhibits the settlings of aluminum hydrox 
ide. We have also found that in the etching of the anode 
element to make it porous, the etching effectivity can be 
increased by properly selecting the wave form of the cur 
rent used and the temperature of the liquid. A pulsating 
current with a pulsating ratio of voltage (the maximum 
value of a voltage-the minimum value of voltage)/the 
average value of voltage of 1.5-3 is well suited as the 
current wave form and 65-85 C. is the optimum tem 
perature. Moreover, in order to further inhibit the settlings 
of aluminum hydroxide, we lower the pH by adding in 
organic acids such as HNO3, HPO and H2SO4 in an 
amount that the etching form may not be affected. 

In the drawings, FIGS. 1, 2, 3 and 4 respectively show 
variations of magnification (increase) of etching on the 
ordinate versus, respectively, temperature, pulsating ratio, 
current density and voltage. 

Characteristic features of our etching method: 
(1) The etching phenomenon cannot occur if the Cl 
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concentration is too low, and the etching proceeds uni 
formly if the Clt concentration is too high. In order to 
etch the anode element to make it porous, the Cl- concen 
tration should be 0.02-0.2 mol/l, with 0.1 mol/l. the opti 
mum value. 

(2) If the CrO4 concentration is too much lower 
than the C concentration, only the effect of Cl- appears. 
It thus becomes difficult to make the anode element porous. 
On the other hand, if the CrO concentration is too high, 
the etching or eroding property of Cl- is inhibited and 
a thick film is formed on the surface of the element by 
the protective property of CrO - thus preventing etching 
of the element. When the CrO concentration is 0.02 
0.1 mol for a CI concentration of 0.02-0.2 mol/l, and 
particularly when the CrO concentration is 0.05 mol/l. 
for a Cl concentration of 0.1 mol/l., the anode element 
can be made properly porous and the effect of increasing 
the surface becomes maximized. 

(3) The concentration of the inorganic acid added to 
prevent the precipitation of aluminum hydroxide during 
the etching, should preferably be higher from the view 
point of lowering the pH, but it has a certain upper limit 
since the etching of the anode element to make it porous 
by the above-mentioned liquid must not be affected. The 
upper-limit of the amount of nitric acid and sulfuric acid 
that can be added to a liquid of which the Cl concen 
tration is 0.1 mol/l. and the CrO" concentration is 0.05 
mol/l. is 0.2, mol/l, and the upper limit of phosphoric 
acid is 0.4 mol/l. Also, the upper limit of the amount of 
nitric acid and sulfuric acid that can be added to a liquid 
of which the Cl concentration is 0.2 mol/l, is 0.8 mol/l. 
and the upper limit of phosphoric acid in this case is 0.8 
mol/l. 

(4) The higher the etching temperature, the greater the 
surface increase (magnification of etching), but 65-85 C. 
is the optimum temperature from the practical viewpoint. 

(5) Greater effect can be achieved by using the etching 
method of this invention in combination with the conven 
tional etching method. 

(6) As described above, this invention exhibits a par 
ticularly valuable effect in the etching of a thick alumi 
num plate. 
The drawings will now be described in greater detail. 
FIG. 1 shows the effect on increase of porosity (mag 

nification) in a 50 v. formation when the temperature of 
the liquid is varied in the examples of this invention. Curve 
1 corresponds to Example 1 and curve 2 corresponds to 
Example 3. 
FIG. 2 shows the effect on magnification in a 50 v. 

formation when the pulsation factor of the etching volt 
age is varied according to the examples. Curve 1 corre 
sponds to Example 1 and curve 2 corresponds to Exam 
ple 3. It can be seen from this figure that 1.5-3 is the 
optimum pulsation factor. 
FIG. 3 shows the variation of magnification in a 50 v. 

formation when the current density is varied according to 
the examples. Curve 1 corresponds to Example 1 and 
curve 2 corresponds to Example 3. It can be seen from the 
figure that the influence of current density is not great. 

FIG. 4 shows the relation between the formation volt 
age and the magnification of etching. Curve 1 corresponds 
to Example 1 and curve 2 corresponds to Example 3 with 
curve 3 corresponding to the conventional etching method. 

EXAMPLES 

Example 1: A smooth aluminum plate of a purity of 
99.99% and a thickness of 1 mm. was etched electrolytical 
ly for 10 minutes in an aqueous solution of HCl of 0.1 
mol/1. and CrO of 0.05 mol/l, at 80 C., using a pulsat 
ing current of single phase full wave (pulsation factor 
1.6) with a current density of 0.6 a. ?.cm.. This was formed 
at 50 v. and then the electrostatic capacity on both sur 
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faces of 1 cm. was 19 uf. This is 79 times as great as 
the case of the smooth surface. 

Example 2: An aluminum plate of a thickness of 1 mm. 
was etched electrolytically for 10 minutes in an aqueous 
solution containing 0.1 mol/l. of HCl, 0.05 mol/l. of CrO 
and 0.1 mol/l. of HNO3, at 80 C., by the use of a pulsat 
ing current of single phase full wave of a current density 
of 0.6 a./cm.2. The same magnification as in Example 1 
was obtained. Furthermore, settlings of aluminum hy 
droxide were precipitated when a current of 10 a.h. was 
flowed per 1 liter of the liquid of Example 1 including no 
HNO3, but in the case of the liquid of this example in 
cluding HNO3, the settlings of aluminum hydroxide did 
not precipitate until the current was increased to 35 a.h. 
per liter of the liquid. The increase of the bath voltage was 
also slight making it possible to continue etching under a 
stable condition. 

Example 3: A smooth aluminum plate of a purity of 
99.99% and of a thickness of 1 mm. was first etched eiec 
trolytically, weakly for 60 seconds in an aqueous, 16% 
solution of HCl at 70° C. by a direct current of a current 
density of 0.7 a./cm.2 including no ripple and was then 
etched deeply by the method of Example 2. This was 
formed at 50 v. The electrostatic capacity on both Sur 
faces of 1 cm.2 was 21 uf. and the magnification of etch 
ing (surface increase) as against the smooth surface was 
87 times. 
Example 4: An aluminum plate was etched electrolyti 

cally in an aqueous solution including 0.2 mol/l. H3PO4 
instead of HNO3 in Example 2 and by the same method as 
the case of Example 2. The same magnification and sta 
bility as in Example 2 were obtained. 

Example 5: An aluminum plate was etched electro 
lytically in an aqueous solution including 0.1 mol/l. H2SO4 
instead of HNO in Example 2 and by the same method as 
the case of Example 2. The same magnification and sta 
bility as in Example 2 were obtained. 

Example 6: A smooth aluminum plate of a purity of 
99.99% and a thickness of 1 mm. was dipped for 90 sec 
onds in an aqueous solution containing 5% HCl and 0.3% 
CuSO at a bath temperature of 65° C. The copper pre 
cipitated on the aluminum plate was resolved (dissolved) 
and removed by dipping the plate in a cold concentrated 
nitric acid. The thus etched aluminum plate was then 
etched deeply by the method of Example 2. The porous 
aluminum plate thus obtained was formed at 50 v. and 
then the electrostatic capacity amounted to 90 times that 
of the smooth surface. 

Example 7: An aluminum wire of a purity of 99.99% 

5 

15 

20 

25 

30 

40 

45 

4. 
and a diameter of 3 mm. was etched electrolytically and 
was made porous by the same method as Example 4. This 
was formed at 50 v. and then the electrostatic capacity 
per 1 cm. of the wire was 8 af. This is 70 times as great 
as the electrostatic capacity of the wire the surface o 
which is left smooth. 
When a red ink is dropped onto the surfaces of the 

aluminum anode elements obtained by the methods of the 
above-mentioned examples, the reverse surfaces turned 
red. Thus it is shown that the etched holes penetrate 
through the elements. . 
We claim: 
1. A method of manufacturing aluminum electrolytic 

condensers, which comprises electrolytically etching the 
aluminum as the anode using a pulsating current with a 
pulsation factor of 1.5-3 in an aqueous solution consist 
ing essentially of 0.02-0.2 mol/l. Cl and 0.02-0.1 mol/l. 
CrO4 in a pH range at which the precipitation of alumi 
num hydroxides is minimized. 

2. The method of claim 1, wherein the etching bath is 
at a temperature of 65-85 C. 

3. The method of claim 1, wherein 0.05-0.4 mol/l. 
HNO is added to maintain the pH within said range. 

4. The method of claim 3, wherein the aqueous solu 
tion is at a temperature of 65-85 C. 

5. The method of claim , wherein 0.05-0.8 mol/l. 
HPO4 is added to maintain the pH within said range. 

6. The method of claim 5, wherein the aqueous solu 
tion is at a temperature of 65-85 C. 

7. The method of claim 1, wherein 0.05-0.4 mol/l. 
H2SO4 is added to maintain the pH within said range. 

8. The method of claim 7, wherein the aqueous solution 
is at a temperature of 65-85 C. 
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