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PROVISIONAL SPECIFICATION

“INVENTION RELATING TO A NEW METHOD OF ETCHING OF SUPER PURITY ALUMINIU
FOR USE 4AS ELEQTRODES IN ALUMINIUM ELECTROLYTIC CAPACITOR”. M

COUNCZIL OF SCIENTIFIC & INDUSTRIAL RESEARCH, Rarl MARG, New DELHI 1, INDIA,
AN TNDIAN REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES ACT {Act XXI oF 1860)

The following specification describes the nature of this invention '—

This invention relates to improvements in or relating
to etching of super purity aluminium for use as elec-
trodes in aluminium electrolytic capacitors,

Miniaturisation of electronic components is  the
modern irend in electronic industries. Since electrolytic
capacitor is one of the important components, used in
large numbers in electronic equipment, miniaturisation
in this field has been achieved by newer developments ia
the etching technique. The degree of etching of the
valuminium foil determines the ultimate size of the
capacitor and is expressed as etch ratio. It is the ratio
of the capacitance of an etched and formed {foil to the
capacitance of the plain foil of similar area and also
formed at the same voltage. Till a few years ago, it
was felt that it is not possible to go beyond an etch
ratio of 10-14. .

Hitherto it has Deen proposed to treat the foil
-anodically in a chloride sciution using pure direct cur-
rent or- alternating current superimposed on  direct cur-
rent or square wave of direct current with various per-
centage of pulsation. Heat treatment of the ewched foil
or etching with special electrolytes have also  been
proposed, '

This is open to the objection that direct current with
known formulations does not give etch ratio more than
12 at 15 volts.

Though AC superimposed DC is used for etching
aluminium foil to get high eich ratio, it requires speciai
generators for the AC source and suitable filters which
are very costly. AC o be superimposed is of special
frequency.

In. the case of heat treatment of the etched foil betore
- forming to get high etch ratio, it requires a separate
conlinuous annealing unit after etching. Furthermore, it
invloves the same period for annealing as we require for
eaching which ultimately affects the rate of production of
the etched foil. Moreover, the careful design of the
" continuous annealing unit for maintaining the uniform
optimum temperature throughout the furnace is essential,
The equipment is alse very costly.

The object of this invention is to obviate the ‘dis-
advantages by using ultrasonic technique for etching
+ aluminium foils to obtain desired high etch ratic and
further improvement in the etch ratio can be obtained
by using the process of annealing of the ultrasonically
etched foil: In the course of our investigation, we find
that ultrasonic etching gives an etch ratio of 30 to 502/
greater than the value obtained by conventional etching
procedure irrespective of the electrolyte used for etching.

To these ends, the invention broadly consists of etching
aluminium foil in a surtable etching electrolyte using
ultrasonic sound waves of frequencies of the order of
200 k/es per second.

30 volts 1n 0.25% dihydrogen ammonium

~ The following examples are given to illustrate the
invention :

Example 1
Electrolyte for etching :

200 gms of Analytical Reagent BDH sodium chloride
dissolved in 2 litres of water,

Temperature of the electrolyte 98 to 100°C,

Ultrasonic frequency : 200 kilocycles per second,

Erching is carried out using super purity aluminium
as anode and stainless steel cathode at a current density
of 0.4A/sq. am for 70 seconds. It is then formed =t
orthophos-
phate solution and then measured in an  electrolyre
containing 12 gms/litre of ammonium pentaborate
adjusting the resistance by addition of ammonia 1o
120 ohms. A plain aluminium foil is treated with 10%/
NaOH: solution kept at” 40°C for two mirdlites * and
washed with tape water and then with deionised water.
The above plain foil is used as the cathode for measuring
the capacitance. S ' Co

Etcl ratio of tl:efoil etched andfoimed underiden-
tical condition witkout impressirg ultraseric :
vibratiors . . C e e T

Etch ratio of the eiched foilin ultrasoric vibration 15

Example 2

Elecirolyte for etching :

200 gms of AR BDH grade sodium chloride plus
140 gms of chromium trioxide dissolved in 2 litres of
water. .

Temperature of the electrolyte : 98 to 100°C
Ultrasonic frequency : 200 kilocycles per second.

Etching is carried out using super purity aluminium
as anode and stainless steel cathode at a current density
of 0.39 A/sq. cm for 70 seconds in the wultrasonic
medizm.  Since forming the etched foil after treating
it in diluted nitric acid and washing with tap water and
subsequently with deionised water, is rather difficult,
the foil after ultrasonic etching is treated i 19 phospho-
ric acid at 80°C for five minutes. After this treatment,
the usual method of washing is carried out. Forming
and measuring are carried out as stated in Example 1.

Etch ratio of the foil etched and formed under
identical condilion withoutimpressng ulira-
sontcvibrations . . . PR . 22-73

Etchratioofthe etchedfoilin ihe ulitasonic vibra-
tion R . . . . . . . 3G-31

Price : TWO RUPEES.
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Example 3
Electrolyte for etching:

300 grams of AR BDH grade sodium chloride plus

240 gms of ammonium persulphate dissolved in 2 litres
of water. :

Temperature of the electrolyte : 98 to 100°C.

Ultrasonic frequency : 200 kilocycles per second.

Etching is carried out using super purity aluminium
as anode and stainless steel cathode at a current density
of 0.39 Afsq. cm for 95 seconds in the uvltrasonic medium.
The foil is treated in diluted nitric acid for 2 minutes
washed with tap water and finally with distilled water,
Forming and measuring are carried out as stated in
Example No. 1. I
Eteh ratioofthe foiletched and formed under iden-

tical conditions without jmpcessirg uliraso:ic

vibratiors . . . . . . $4-26
Etey ratio of the etched [loilin ultrasgric vibra-
tign . . . . . . . 30-32
Example 4

Electrolyte for etching :

200 grams of AR BDH grade sedium chloride plus
140 grams of chromium trioxide dissolved in 2 litres of
water,

Temperature of the electrolyte : 98 to 100°C.
Ultrasopic frequency : 200 kilocycles per second.

Etching is carried out wsing super purity aluminium
as anode and stainless steel cathode at a current densite
of 0.39 A/sq. em for 95 seconds in the ultrasonic field.

- Since forming the erched foil after treating it in diluted

mitric acid and washing with tap water and subsequently
with deionised water js rather difficult, the foil after alira.
sonic etching is treated in 19 phosphoric acid at 80°C
for 5 minutes. After this treatment the foil is subjected
to heat treatment at 600°C for 14 to 2 hours in the presence
of air and gradually cooled to room temperature. Forming
and measuring are carried out as stated in Example 1.
Etchratiool thefoiletckedand formedunder ider-

tical conditions wit! gut impresirg ultvascric
vibrations - . . . - . . 22-33

£tch ratio of the foil etched under identical cor-
ditionsin the ultraso ic vibratior. and arnealing :
and then forming undrr identical corditicr . 4(-45

- The following are the main advantages of the
invention :

1. Tt is possible to obtain etch ratio of 30-32 by adop-
ting ultrasenic etching.

2. The ultrasonic etched foil is susceptible for further
increase in etch ratio te 4045 using the process of annea-
ling and thereby reduction in the volume/size of the capa-
citor is achieved which is the main trend in the miniaturt.
sation of electronic components,

Dated this 6th day of September, 1971,
{8d.)
(R. BHASKAR PAD

PATENTS OFFICER,
Council of Scientific and Industrial Research.

COMPLETE SPECIFICATION

“INVENTION RELATING TO A NEwW METHOD OF ETCHING OF SUPER PURITY ALUMINIUM
FOR USE AS ELECTRODES IN ALUMINIUM ELECTROLYTIC CAPACITOR”

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH, Rarl MarG, New DeLy 1, INDIA,
AN INDIAN REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES AcT (AcT XXI OF 1860}

THIS IS AN INVENTION BY BALKUNJE ANANTHA SHENOI, SciENTisT, VENKATASUBRAMANIAN
LAKSHAMINARASIMHAN, SENIOR SCIENTIFIC ASSISTANT AND DEVARAJ KANAGARAYJ, JUNIGR SCIENTIFIC
ASSISTANT, ALL OF THE CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE, K4RAIKUDI-623003, INDIA, ALL INDIAN

CITIZENS.

The following specification particularly

describes and ascertains the nature of this invention and the manner

in which it is to be performed :—

This invention relates more particularly to a  npew
method of etching of super pure aluminium of puority
99.99%, for use as anode in electrolytic capacitor industry.

Hitherto it has been proposed to treat the aluminium

foil anodically in a soluble chloride solution using pure

direct current or alternating current superimposed on
direct current or square wave or direct current with
various percentages of pulsation. Heat treatment of the

etched foil or etching with special electrolytes have also
been proposed. .

This is open to objection in that etching in conven-
tional sodinm chloride electrolyte using pure direct cur-
rent does not give etch ratio of more than 12 at 30V,
Superimposition of alternating current over direct current
requires an alternating current source to deliver high
current output at 130 HZ, The equipment also requires
suitable chokes and filters. Similarly, special type of
equipment are required for producing pulsating direct
current, Such equipment are costly and probably have
to be imported if indigenous sources are not available,
Etching in special electrolytes described in  our earlier

patent also -do not give an ctch ratio more than 20-22 at
30V,

In the case of heat treatment of the etched foil before
forming to get high etch ratio, it requires a2 separate
continuous annealing unit after etching, Careful design

of the continuos annealing unit for maintaining the uni-
form optimum temperature throughout the furnace is
essential. The continuous annealing furnace may cost

over two lakhs of rupees and it requires 350 KW electric
power for the operation,

The object of this invention is to get high etch ratio
values by ewching aluminium or ws alloys in an etching
electrolyte which is subjected to ultrasonic vibration.

The main finding in this invention is that etching of
super pure aluminium foil of purity 99.99%/ in an etching
electrolyte which is subjected to ultrasonic vibration
increases the etch ratio by 35 to 502, of its original value
whatever may be the electrolyte used for etching.

The present invention consists of a process for etching
of super pure aluminium foil of 99.99%/ purity using an
etching electrolyte containing an aqueous solution of sofublc
chloride and one or more Alm forming compound at a
temperature of 98 to 100°C and at a current density of
0.16A to 0.64 A/Cm® wherein an ultrasonic vibration of
frequencies ranging from 40 to 200 KHZ is passed to
increase the etch ratio by 35 to 509 of its original value,

By adopting the method described in this invention,
the heat treatment step after etching process can be dis-
pensed with by subjecting the etching electrolyte to ultra-
sonic vibration during etching process,
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The investigation is carrted out as follows :

1" x4"super pure aluminium foil of purity 99.99%
is anodically etched in two litres of the etching solution
using stainless steel as cathode. The solution is agitated
using an ultrasonic unit. A current density in the range
of 03 A/sq. cm. to 0.6 A/sq. cm. is applied from a
three-phase rectifier for a period of 70-95 seconds depen-
ding on the nature of the electrolyte.

The etched foil is formed to 30 volts in a forming
electrolyte containing 0.1%/ dihydrogen ammenium ortho-
phosphate at 85°C till a minimum leakage current of
100:125 pA sq. in, for super pure aluminium (99.99%)

is obtained.

The capacitance is measure in a capacitance bridge
by appling 4/5th of its forming veltage in a2 measuring
electrolyte containing 5%, boric acid at room temperature
whose resistivity is adjusted to 100 ohm/fem/em® by means
of ammonia. The etch ratio values stated in the examples
are calculated by dividing the capacitance of the etched
foil with the capacitance of the plain foil of the same
geometrical area when both the foils are formed and
measured under identical conditions.

The following examples are given to illustrate the

invention :

Example 1

200 grams of Analytical Reagent

Etchingelectroiyte : 1
Sodiurr Chloride dissolved in

2 VYitres.

Temeprature of etching €lec-  9£°-100°C

tro'yte.

Anode . . . . Suaper pure¢ aluminium {99-99%)
foil.

Cathode . . . . Stainless steel.

Current dencity . . . 04 Afem?

Duration . . . . 70seconds.

Ultrasonic frequency . . 200 kilocycles per second.

Etch ratio of the foil
etched without im-
pressing ultrasocic vi-
brat'ons . - - 12

Etch ratio ofthe e_tche_d
foilin w trasgric vi-
brations . . . 15

Example 2

. 1200 grams of Analytical Reagent
gtade Sodium Chlotide plus 140
grams of chromium trioxige dis-
solved in 2 litres of water,

gtching electrolyte

wiching conditions *

Tempetatu € of etching
electrolyte ., :98%100°C

Anode . . ¢ Super parity  aluminium (99-999%
foil.

Cathode . .t Stainlesssteel

Current densily . « 104 Afsg.om,

.t 70seconds.

200 kilocyclesfsécond

Duraticn . .
Ultrasoniclteguency

Etch ratio of the foil
etched without impress-
ingultizsonic vibra-

tion s . . 20-23

Eich ratio of the etched
foilin the uyltrasonic
vibration . . 30-31
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Example 3

Etching ¢lectrolyte 300 grams of Analytical Reagent
. grade sodium chloride plus 240
grams of ammonium  persulnhate

dissolved in 2 litres of water.
Etchingconditions .

Temnerature of etching

electrolyte 98°-106°C
Anode . . . Suner oyrity aluminium (99:59%
foil.

Catliode . . Stainless steel

Currentdensity . 04 Afsq.cm.
Duration . . 95seconds

Ultrasonicfrequency 200 kilocyciesfsecond

Etch ratia of the foil et-
ched without imoress-
ing uitrasonic  vibra-
tions . . . 22-23

Etch ratioofthe etched
foil 1n witrasoric vi-
bration: ., . . 31-32

5

Example 4

Electrolyte for etching ;

300 grams of Analytical Reagene BDTE sodium chlo-
ride plus 240 grams of ammenium persulphate dissolved
in 2 lires of water,

Etchingconditior. :

Temperature of etching
electrolyte: | [ 98°100°C

Anode . . . Svi'p?{ purity alumininm (99-999;}
nil.

Cathode . . Stainlesssteel

Currentdensity 0-4 Afsq.cm.

Duration . . . 95seconds

Ultrasonic frequency . 45 kilocyleesfsecond

Etch ratio of the foil
etched without im-
pressing  ultrasoric
vibration . . 22.23

Etch ratio of the etched
foilin the ultrasonic
vibration. . . 2526

Following are the main advantages of this invention :

It is possible to obtain an etch ratio of 30-32 at 30V
by etching in ultrasonic medium. Moreover, a 2 kw ultra-
sonic generator is sufficient for continuous production of
etched aluminium foil.

WE CLAIM :

1. A process for etching of super pure aluminium foil
of 99.99% purity using an etching clectrolyte containing
an aqueous solution of soluble chloride and one or more
film forming compound at a temperature of 98 to 100°C
and at a current density of 0.16 1o 0.64 A/cm® wherein
an ultrasonic vibration of frequencies ranging from 40
to 200 KHZ is passed to increase the etch ratio by 35 10
50°/ of its original value,

2. A process for etching of super pure aluminium as
claimed in Claim 1 wherein etching is carried out with
aluminium foil of thickness 25 microns to 200 microns.

Dated this 10th day of August 1972,

(8d.}
(R. BHASKAR PAI)
PATENTS OFFICER,
Council of Scientific & Industrial Research.



