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This invention relates to improvements in the treat 
ment of aluminium (which term is intended to include 
aluminium-base alloys) and is particularly concerned 
with the treatment of aluminium to increase the effective 
surface area thereof. Aluminium and, in particular, alu 
minium foil so treated is of particular value in the con 
struction of electrolytic capacitors which include an elec 
trode of aluminium on the surface of which is an elec 
trically formed ‘(ii-electric ?lm of oxide, the capacitance 
of such capacitor depending upon ‘the area of ?lmed 
electrode surface in contact with the electrolyte between 
it and the complementary electrode. 

It has been proposed to increase the effective surface 
area of aluminium and, in particular, aluminium foil by 
both a chemical etching process and by an anodic elec 
trolytic etching process in which a smooth direct current 
is employed or in which a uni-directional uninterrupted 
current of ?uctuating magnitude is employed. The in 
crease in the effective surface area of aluminium so 
treated is largely due to the production of very ?ne and 
relatively ‘deep pores and very little is due to the readily 
apparent coarse etching of the surface which occurs 
although the latter is responsible for the larger propor 
tion of the metal lost during the treatment. Coarse etch 
ing also leads to mechanical weakening of the metal and 
is particularly undesirable in aluminium foil as there is 
a [tendency for the foil to become perforated. The known 
etching processes referred to above produce an undesir 
ably high amount of coarse etching on aluminium so 
treated and an undesirably high loss of the metal treated 
with the result that the increase of the effective surface 
area of ‘the aluminium is usually limited to values ap 
preciably lower than the ultimate attainable. 

It is an object of the present invention to provide an 
improved process for treating aluminium to increase the 
effective surface area thereof which process shall not 
produce coarse etching of the surface nor ‘loss of the metal 
being treated to the same extent as known processes; 
According to the present invention a process for treat 

ing aluminium or an aluminium base alloy to increase the 
effective surface area thereof comprises auodically elec~ 
trolytically etching the metal using interrupted pulses of 
uni-directional current. 
The invention also extends to aluminium or aluminium 

base alloy foil treated by the process of the immediately 
preceding paragraph and to capacitors embodying such 
foil. 
We have [found that with the process according to the 

invention only a very small amount of coarse etching 
occurs and it is possible to increase the effective surface 
area of 0.004 inch thick ‘aluminium foil by a factor of up 
to 10 and more for the removal of about 10% by weight 
of the metal. This is in direct contrast to known processes 
which remove from 4 to 6 times this amount of metal 
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for an increase in the effective surface area of the same 
order. 
The electrolyte employed must conform to the follow 

ing conditions: 
(1) The chemical attack which it exerts on the alu 

minium being treated must be low so that at least 75% 
by Weight and preferably more of the metal removed 
during treatment is due to the electric current. 

(2) It must have a relatively high electrical con 
ductivity. 

(3) It should not ‘be unduly modi?ed by the current 
?owing therethrough. 

In addition to ful?lling the above conditions it is pre 
ferred that the electrolyte should have a pH value of 
from 5 to 8. 
Aqueous solutions of the chlorides, bromides, iodides 

and nitrates of sodium, potassium, magnesium and am 
monium have been found suitable. Thus the process 
may be operated with electrolytes other than the chlorides 
and this is particularly advantageous when it is desired to 
obtain a large increase in the effective surface area of 
the aluminium without danger of contamination by 
chlorides which are generally di?’i-cult to remove com 
pletely from the etched surface and traces of which are 
highly deleterious during subsequent stages of capacitor 
manufacture. 
A good uniformly etched surface with a high gain of 

surface area may be obtained by the process according to 
the invention over a wide range of electrolyte concentra 
tions. For example, aqueous solutions of sodium chlo 
ride have been used in concentrations of from 5 .grms/ 
litre to saturation, but solutions containing from 100-150 
grms./ litre are preferred in order to obtain a reasonably 
high conductivity. vIn general, the concentration of elec 
trolyte used is preferably in the range of 100-200 grms./ 
litre. More concentrated solutions confer no extra ad 
vantages whilst introducing other problems of crystallisa 
tion, creep ‘and extra precautions in washing as well as 
extra expense. 
The pulse duration is desirably from 5 to 100 useconds 

and is preferably of the order of 20 useconds and the 
current falls to zero during the interval between pulses. 
The pulse repetition frequency may be selected from 

the range of 20 c./s. to 6 kc./s. but it has been found 
that the electrical e?iciency of the process falls, as does 
also the maximum surface increase, as the frequency is 
raised. If the maximum surface increase is required the 
operating frequency is preferably about 100 c.p.s., al 
though higher frequencies may be employed for more 
moderate surface gains. ’ 
The mean current density of the pulses is important 

as it should not be sufficiently high to cause fusion at the 
surface of the aluminium being treated. It is preferred 
that the mean current density over each current pulse 
should be from 3 to 50 tamps/sqcm. and preferably 
within the range of 10 to 20 amps./sq.cm., pulses of 
longer duration requiring the lower values of mean cur 
rent density during the pulse, and vice versa, so that the 
total energy delivered during the pulse is not high enough 
to cause fusion at the surface and destroy the character 
of the etch. It is preferred that the current pulses should 
be approximately rectangular. 
The temperature of operation of the process has not 

been found to be very critical, although the efficiency 
of the process was found to fall off at temperatures above 
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40° C. It is therefore preferred that the temperature 
of ‘the electrolyte should not exceed 40° C. 
Some examples of the invention will now be described: 

Example 1 

An aluminium foil of 99.99% purity 0.004 inch thick 
was cleaned for 1 minute in 4% caustic soda solution 
at 60° C. Then it was etched anodically for 15 min 
utes using aluminium cathodes in an aqueous solution 
of 150 grms./litre of sodium chloride at 20° C. contain 
ing 0.5% borax and suf?cient hydrochloric acid to bring 
the solution to a pH of approximately 7. The current 
consisted of nearly square pulses at 15 volts and 20 mi; 
croseconds duration with a repetition frequency of 66 
c./s. These current pulses produced a mean current 
density over each pulse of about 10 amps. per sq. cm. 
The foil lost 8% of its weight and after forming at 300 
volts in a solution of 2% boric acid and 0.1% borax the 
capacity was 10 times that of an unetched foil similarly 
formed. 

Example 2 

An aluminium foil of 99.99% purity 0.004 inch thick 
was treated similarly to Example 1 but with a treatment 
time at 10 minutes and a repetition frequency of 140 c./s. 
The capacity increase was 10 times and the foil lost 12% 
of its weight. 

Example 3 
An aluminium foil at 99.99% purity 0.004 inch thick 

was treated similarly to Example 2, but with a treatment ~ 
time of 2 minutes. The capacity increase was 4 times 
and the weight loss approximately 2%. 

Example 4 

An aluminium foil of 99.99% purity and 0.004 inch 
thick was anodically etched for 5 minutes in an aqueous 
solution containing 150 grms./litre of magnesium chlo 
ride at 20° C. using electrical pulses of 25—30 microsec 
onds duration at 22 volts and a repetition frequency of 
140 c./s. The capacity increase at 300 volts was 4.5 
times, and the foil lost about 3% of its weight. 

Example 5 

An aluminium foil of 99.99% purity and 0.004 inch 
thick was etched for 5 minutes in an aqueous solution 
containing 200 grms./litre of potassium nitrate at 20° C., 
using positive pulses of 20 microseconds duration at 21 
volts and a repetition frequency of 140 c./s. The ca 
pacity increase was 6.0 times, determined at 300 volts. 

Example 6 
An aluminium foil of 99.99% purity and 0.004 inch 

thick was etched in 150 grms./litre sodium chloride so 
lution at 75° C. for two minutes. The current con 
sisted of nearly square pulses at 19.5 volts and 20 micro 
seconds duration with a repetition frequency of 140 c./s. 
The capacity increase was 2 times, measured at 300 volts. 

It can be seen by comparison with Example 3 that at 
the temperature of operation employed the process was 
less e?icient. 

Example 7 

A 1%: inch diameter aluminium rod of 99.99% purity 
was etched for 2 minutes in an aqueous solution of 150 
grms./litre sodium chloride at 20° C. using positive 
current pulses of 15 microseconds duration at a repeti 
tion frequency of 500 per second, the mean current den 
sity during the pulse being 30 amps/sq. cm. The sur 
face area was increased about 6 times, as shown by ca 
pacity measurements at 300 volts in a boric acid type so 
lution. 

Example 8 

Using the same electrolyte and anode material as in 
Example 7, but with a repetition ‘frequency of 1500 per 
second, a pulse duration of 10 microseconds and mean 
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current density during each pulse of 20 amps/sq. cm. the 
increase in surface area, determined in the same manner, 
was 5 times. 

Example 9 

An aluminium foil of 99.99% purity and 0.005 inch 
thickness was etched in an aqueous solution of 150 grms/ 
litre sodium nitrate for 15 minutes, the current pulses 
being supplied by successive discharges 20 times a sec 
ond from a condenser bank charged up to 420 volts. 
The foil lost 4.8% Of its Weight in etching and the sur 
face area was increased 4.1 times over that of unetched 
foil as determined by measuring the capacity when formed 
to 460 volts in a 2% boric acid/0.1 sodium borate so 
lution. It will be appreciated that ammonium borate 
may be substituted for sodium borate. 

It should be noted that while Examples 7 and 8 illus 
trate the operation of the process at higher repetition fre 
quencies the other conditions are not necessarily opti 
mum for these frequencies. 

In the above examples the etched foil was cleaned and 
formed in such manner as to avoid excessive hydration. 
In particular, it was Washed in cold water after etching 
and before forming. The weight of aluminium removed 
from the anodic aluminium during etching is in most cases 
considerably less than might be anticipated from the cur 
rent actually passing through the cell and it will be ap 
preciated therefore that removal of aluminium is not the 
only electrode process taking place. It is possible to 
operate the process under conditions in which the anode 
e?iciency of removal of aluminum approached 100% (as 
in the case of Example 9) but such conditions are not 
often the best for securing large increases in surface area 
in a short time and with the minimum loss of metal. 

It will be appreciated that the process of the present 
invention offers the advantage that a relatively large in 
crease in the surface area of the aluminium treated may 
be achieved for very small metal losses and that a sub 
stantially uniform etching is obtained with a relatively 
low amount of coarse etching so that the danger of metal 
perforation is correspondingly reduced as is the loss of 
mechanical strength. It vfollows that it is possible to treat 
thinner foils than has been possible hitherto with the 
subsequent saving in weight and reduction in cost. Good 
results have been obtained on any temper or purity of 
aluminium, and the highest purity aluminium can be 
etched substantially uniformly by the process of the pres 
ent invention. It follows that the metal to be treated 
by the process of the present invention does not require 
special production techniques or long process anneals. 
What we claim is: 
1. A process for treating aluminium and aluminium 

base alloys to increase the effective surface thereof, com 
prising anodically electrolytically etching the metal for 
from 2 minutes to 15 minutes using interrupted pulses of 
uni-directional current, wherein the pulse duration is from 
5 to 100 microseconds, the pulse repetition frequency is 
in the range of 20 c.p.s. to 6 k c.p.s., and wherein the 
mean current density over each current pulse is from 3 
to 50 amps./sq.cm., and wherein the electrolyte com 
prises an aqueous solution of one of the compounds se 
lected from the group consisting of the chlorides, bro~ 
mides, iodides and nitrates of sodium, potassium, mag 
nesium and ammonium, and the electrolyte contains not 
less than 5 grms./litre of one of the compounds in the 
group speci?ed, and the temperature of the electrolyte 
is not greater than 40° C. 

2. A process for treating aluminium and aluminium 
base alloys in accordance with claim 1, wherein the cur 
rent falls to zero during the interval between pulses. 

‘3. A process for treating aluminium and aluminium 
base alloys to increase the effective surface thereof, com 
prising anodically electrolytically etching the metal for 
from 2 minutes to 15 minutes using interrupted pulses of 
uni-directional current, wherein the pulse duration is from 
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5 to 100 microseconds, the pulse repetition frequency is 4. A process for treating aluminium and aluminium 
in the W118i? 0f 20 c-P-S- ‘[0 6 11641-8» and wherein the base alloys in accordance With claim 3, wherein the cur 
mean current density ol’?f each Current Pulse is from 3 rent falls to Zero during the interval between pulses. 
to 50 amps/sq. cm., and wherein the electrolyte com 
prises an aqueous solution of one of the compounds se- 5 References C5335 in the ?le of this patent 
lected from the rou consistin of the chlorides, bro 
mides, iodides aiigd nilirates of sidium, potassium, mag- UNITED STATES PATENTS 
nesium and ammonium, and the electrolyte contains 100~ 2,75 5,237 Turner ______________ __ ~Fuly 17, 1956 
200 guns/litre of one of the compounds of the group 2,755,238 Turner ______________ __ July 17, 1956 
speci?ed, and the temperature of the electrolyte is not 10 2,930,741 Burger et a1 ___________ __ M94129, 1960 
greater than 40° C. 


