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PROVISIONAL SPECIFICATION

IMPROVEMENTS IN OR RELATING TO HEAT TREATMENT OF EYCHED ALUMINIUM AND IT
ALLOY FOR USE AS ELECTRODES IN ALUMINIUM ELECTROLYTIC CAPACITORS S

COUNCIL OF SCIENTIFI & INDUSTRIAL RESEARCH, Rarl MaRG, Niw Deiar-1, INpia, AN INDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES AcT, {Act XXI oF 1860)

the nature of this invention t—

THIS IS AN INVENTION BY Sdrl BALKUNIE ANANTHA SHENOI, SCIENTIST, SHr1i KANDADAI RAJA

The following specification describes

GOPALACHARI NARASIMHAN, SciEnTisT, SHRI VENKATASUBRAMANIAN LAKSHMINARAST
SENIOR SCIENTIFIC ASSISTANT AND DEVARAJ KANAGARAJ, JUNIOR SCIENTIFIC ASSISTANT, ALL ASEBI{EDF;E
NATIONALS AND ALL ARE EMPLOYED IN CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE, KARAIKUDI.3, TAMIL

Napu, INDIA.

This invention relates to improvements in or relat-
ing to ewching of aluminium or its alloy for use as elec-
trodes in aluminivm electrolytic capacitors.

Tiie modern trend in electronic industry is miniaturi-
sation. The recent developments in solid state physics
have made it possible to replace alimost all components
in an electronic gadget by tiny ones, Electrolytic capaci-
tor is another component which is used in [arge nunbers
in any electronic equipment and miniaturisation jn this
field has been achieved by newer developments in the
etching technique, Etching aluminivm foi] is carried out
electrolytically to increase the surface area and thereby
reduce the over-all size of the capacitors. The degres of
etching of the aluminium foil determines the ultimate size
of the capacitor and is expressed as etch ratio, Ii is the
ratio of the capacitarice of an etched and formed foil
to the capacitance of the plain foil (unetched) of similar
area and also formed at the same voltage. Till a few
years ago, it was fele that it is not possible to go beyond
an etch ratio of 10-14, Now with developments in the
rolling and etching technique, it is possible to obtaia etch
ratio of 25—30.

Hitherto it has been proposed to treat the foil anodi-
cally in soluble chloride solution using either pure DC or
AC super-imposed DC.

This is open to the objection that the use of DC
with known formulations does not give etch ratio more
than 12 at 25 volts. AC superimposed DC source is nsed
for etching aluminium foil to produce high etch ratio.
But special generators for the AC source as well as suit-
able filters iike choke etc. are needed which are very cost-

Iy.

Annealing the foil during the rolling process io the
desired thinner gauges is said to improve the etch ratio
and here again, the etch ratio reported is also not above
15 or 16,

In our earlier patent (Provisional Specification No.

} we have claimed that it is possible to increase

the etch ratio from 12 to values near about 22 by ihe
use of suitable electrolyte composition. We have now
found that it possible to increase etch ratio claimed in
the above stated patent by another 30 to 40% ie from

22 10 30 by suitable heat treatment of the etched foil be-
fore forming,

In the course of our investigation, we lind that the
heat treatmeot of the etched foil increuses the etch rakio
by 30 to 50% of its original value whatever may be the
electrolyte used for etching such as sodium chloride ete.

To these ends, the invention broadly consists in
etching the aluminium foil by the conditions deseribed in
our earlier two patents (No, 100313 dated 29-6-1965 and
the pateni sent for filing in February 1971) and then an-
nealing the etched foil at suitable temperatures 4350° 1o
600°C in presence of air or oxygen or any inert gases
like nitrogen or hydrogen for periods ranging from 20
minutes to 2 hours.

The following examples are given to iliustrate the
invention:

Example 1
Electrolyte for etching

200 gms of AR sodium chioride plus 200 grace of
tartaric acid dissolved in 2 litres of water.

Temperatyre of the electrolyte: 98 to 100°C

Etching is carried out using super purity alumiaimmn
as anode and stainless steel cathode at a current densicy
of 0.39 A/sq. cm for 72 seconds. The foil is then wash-
ed and kept at 550°C for one and half hours for ann2al-
ing in the presence of air and gradually cooled to rovm
temperature, Ii is then formed at 30 volts in 0.19% di-
bydrogen ammeonium orthophosphate solution and then
measured in an electrolyie containing 12 gm/litre of am-
monium pentaborate adjusting the resistance by the addi-
tion of NH: to 120 ohms. The aluminium foil is treat-
ed with 10% NaOH solution kept at 40°C for two
minutes and washed with tap water and then with dcioniz-
ed water., The above treated foil is wsed as the zathode
for measuring the capacitance of the annealed and f2im-

ed foil.

Eich raiio of the ¢’'cted foil before anncaling )
{the eiched foil is formed at 30V and } 21.4
measured as stated above} ]

Afier annealing (fresh foils etched as descri-N
bed above are annealcd and then formed 28.0
as deseribed above and measured}) J

Price : TWO RUPEES.
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Example 2

Electrolyte for etching

200 grams of AR grade sodium chloride plus 200
grams of tartaric acid dissolved in 2 litres of water,

Temperature of the elecirolyte: 98 to 100°C

Etching of the super purity foil is carried out as des-
cribed under Example 1. The foil is then washed and
kept at 600°C for one and half hours in the presencs of
air and then graduwally cooled to room emperature.
Forming and measuring are carried out as stated in Ex-
ample 1,

Btch ratio of the e‘ched foil before anncaling
(th: etcaed foi] isformed at 30V and } 22
measured as stated above) J

Afer anncaling (fresh foils eiched as descn- )
bed above are annealed and then formed 30.3
a3 d=cs-ised above and measured} J

Example 3

Electrolyte for etching: 200 grams of AR sodium
chloride plus 200 grams of tartaric acid dissolved in 2

litres of water, Temperature of the electrolyte: 98 to
100°C.

Etching is carried out using super purity aluminium
as anode and stainless steel cathode at a current density
of 0,39 Afsq. om for 72 seconds. The foil is then wash-
ed and kept at 600°C for 2 hours for annealing in the
presence of oxygen and gradually cooled to room tem-
perature, Forming and measuring are carried out as
stated in Example 1,

Bich ratio of the eiched foil before annealing
(the etched foil is formed at 30V and & 22
measured as stated above) J

Afwer aanaling (fresh foils etched as descri-)
bed above are anncaled and then formed 3
as described above and measured) J

Exampie 4

Electrolyte for etching

200 grams of AR grade sodium chloride plus 200
grams of tartaric acid dissolved In 2 litres of water.

Temperature of the elecirolyte: 98° to 100°C

Etching of the aluminium alloy containing eot fess
than 99.5% aluminium suitable for use as cathode ina elec-
trolytic capacitor is carried out as described under Ix-
ample 1. The foil is then washed and kept at 600°C for
one and half to two hours in the presence of air and cool-
ed gradually cooled to room temperature, Forming and
measuring are carried out as stated in Example I,

Etchratio of the ¢'ched foil before annealing
(the etched foil is form:d at 30V and »  31.0
measured as stated above)

Afier annealing \fresh foilsetched as deseri-Y
bed above arc annealed and then formed 43.0
a3 described above and measured) J

Example 5
Electrolyte for etching

200 grams of AR grade sodium chloride dssolved
in 2 litres of water.

Temperature of the electrolyte: 93° to 100°C.

Etching is carried out using super purity alulcmium
as anode and stainless steel cathode at a current density
of 0.39 A/sq. cm for 72 seconds. The foil is then wash-
ed and kept at 60°C for 2 hours for annealing in the
presence of air and gradually cooled to room temperatute.
Forming and measuring are carried out as stated ta  the
Example 1.

Etch ratio of the e’ched foil before annealing
(the etched foi]l is formed at 30V and }  13.5
measured as s.ated bhefore) 1

After annealing (fresh feils elched as deteri-1
bed above are annealled and then formed 19.0
as described above and measured) J

Example 6
Electrolyte for etching

200 grams of AR grade sodium chloride plus 200
grams of tartaric acid dissolved in 2 liires of water.

Temperature of the electrolyte: 98° to 100°C,

Etching is carried out using super purity aluminium
as anode and stainless steel cathode at a current density
of 0.39 Afsg, om for 72 seconds. The foil is then wash-
ed and kept at 600°C for 2 hours for annealing in the
presence of hydrogen and gradually cooled to room iem-
perature, Forming and measuring are carried out as
stated jn Example 1.

Etch ratio of the e'¢hed foil before anncaling )
(the etched foil is formed ac 30V and p  21.0
measured as stated before J

After anncaling (fresh foils etched as descii-]
bed above are anncaled and then formed }
as deseribed above and measurcd) J

26.00

The following is the main advantage of the itven-
tion :

it is possible to obtain each ratio of 28—30 by adopi-
ing the correct condition of annealing and thereby reduc-
tion in the volume/size of the capacilor is achieved which
is the main trend in the miniaturisation of electronic
components,

Dated this 21st day of June, 1971,

8d./-

PATENTS OFFICER,
Council of Scientific & Industrial Research.
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COMPLETE SPECIFICATION

IMPROVEMENTS IN OR RILATING TG gEAT TREATMENT OF ETCHED ALUMINIUM AND ITS
ALLOY FOR USE AS ELECTRODES IN ELECROLYTIC CAPACITORS

COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH, Rart MarG, NEw DELHI-1, INDIA, AN INDIAN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIBS ACT, (ACT XXI oF 1860)

The following specification particularly describes and ascertains the naiure of this invention and the manper
in which it is to be performed — '

THIs 1s AN INVENTION BY BALKUNJE ANANTHA SHENOI, ScienTist, KANDADA! RAJAGOPALACHARI
NARASIMHAN, ScieNTisT, VENKATASUBRAMANIAN LAKSHMINARAS!MHAN, SENIOR SCIENTIFIC Assi-
STANT AND DEVARAJ KANAGARAYF, JUNIOR SCIENTIFIC AsSISTANT, ALL ARE INDIAN NATIONALS AND ARE EMPLO—
YED IN CENTRAL ELECRTOCHEMICAL REsEARCH INSTITUTE, KARAIKUDI-3, TAMIL Nabpu, INDIA,

This invention relates to the improvements in or
relating to heat treatment of etched aluminium foil of
purity 99.99% for use as anode or its alloys purity of
99.4% to 99.98% for use as cathode in electrolytic capa-
citor industry,

Hitherto it has been proposed to heat treat the plain
alumininm foil or its alloys at 350 to 600°C for 15
minutes to 24 hours before etching operation.

This is open to the objection in that heat treatment
of aluminium foils before etching operation does not
give an efch ratio of more than 8 to 12 at 100 volis, The
increase in surface area of the foil after etching opera-
tion is expressed in terms of etch ratio. FEich ratic is
defined as ratio of capacitance of the etched foil to that
of the plain foil of same geometrical area when formed
and measured under indentical conditions,

The main object of this invention is to inereass the
etch ratio of the etched aluminium or its alloys by heat
treatment process.

The main finding in this investigation is that the heal
treatment of etched aluminium or its alloys increases the
etch ratio by 35 to 50% of its original value
whatever may be electrolyte used for etching aluminium
or its alloys, Etching the aluminium or its alloys follow-
ed by heat treatment of these etched foils at 400 to 600°C
in the presence of air or oxygen for half an hour to 2}
hours increases the etch ratio of the foil by 35 to 509%
of its initial value i.e. from 30 to 42 at 30V.

According to the present invention, there is provided
a process for the heat treatment of aluminium or its
alloys for use as electrodes in electrolytic capacitors by
heating alumintum foil or its alloys up %o 600°C charac-
terised in that the heat treatment is imparted to etched
foil (instead of the conventional heat treatment on plain
foil before etching) further characterised in that the heat-
ing of the etched foil is done at 400 to 600°C in the pre-
sence of air or other gases for a period ranging from half
an hour to 2% hours whereby etch ratio of the etched foil
is increased by 35 to 50%.

Air or a gas like oxygen or hydrogen or nitrogen is
circulated during heat treatmient,

Etched super pure aluminium foil of purity 92.99%
or its alloy of purity 99.49% to 99.98% may be used for
heat treatment.

The process comprises heat treatment of aluminivm
or its alloys in the form of a thin foil of thickness in the
range between 25 and 250 micron wherein the etched
aluminium or its alloy is kept ag 400 to 600°C in the pre-
sence of air or oxygen or gases like nitrogen or hydrogen
for a period ranging from half an bour to 2f hours to
increase the etch ratio by 33 to 50% of its initial value,

The invention is carried out as follows:

Super pure aluminium of purity 99.99% or its alloy
of purity 99.5% in the form of a thin foil of size }”X4”
is anodically etched in two litres of etching solution using
stainless steel as cathode, The foils are etched according
to the conditions described in our eariter patents. The
foil after etching is washed with tap water and then with
deionised water.

_ The foil is heat-treated in a suitable oven provided
with automatic temperature coatrol at 400 to 600°C in
lhe presence of air or oxygen for a period ranging from
half an hour to 2} hours. The foil is removed from the
oven and cooled io room temperature;

The hear-treated foil is then anodically oxidised at
30 volts to form the dielectric oxide layer in a forming
electrolyte containing 0.25% dihydrogen ammonium or-
thophosphate at 85°C till a minimum leakage cuirent
of 100 to 125 ¢ A/in® for super pure aluminium foil
and 600—700 ¢ A/in® for commercial grade aluminium -
foil is obtained.

The capacitance js measured in a capacitance bridge-
at 25V in a measuring electrolyte containing 12 g/1 of
ammonium pentaborate at room temperature whose re-
sistance is adjusted to 120 obms with ammonia. The alu-
minium foil used as cathode for measurement is treated
with 10% sodium hydroxide solution kept at 40°C for
two minutes and washed with tap water and then with
deionised water,

The ¢tch ratio values stated in this invention are
calculated by dividing the capacitance of etched and heat
treated foil with the capacitance of plain foil of the same
geometrical area.

~ The following typical examples are given to illusirate
the invention :

Example 1

Etching condition: 200 grams of sodium chloride
plus 200 grams of tartaric acid dissoived in 2 litres of
water.

Tempefature 98—100°C

Anode . Super pure aluminium (99+99%)
Cathode Stainless steel

Current density . 039 Afsq.om

Duration 100 seconds

The foil is heat treated for 14 hours in the presence
of air at 550°C. It is then cooled to room lemperatiure.

Etch ratio of the etched foil at 30V  (without 21+4
heat treatment}.

Etch ratio of the ¢tched and then heat treated 280
foil at 30V.

Example 2

Eiching is carried out with super pure aluminium
foil as described in Example 1.

The foil is then heat treated at 600°C in the presence
of oxygen for a period of two hours and then cooled to
room temperature.

Etch ratio of the etched foil at 30V (without 22.0
heat weatment)

Etched ratio of etched aund then heaf treated 352
foil at 30V.
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Example 3

Etching is carried out with super purity aluminiym
foil as described in Example 1.

The foil is then heat treated in the presence of hydio-
gen at 380°C for 1% hours and then gradually coulad to
room temperature.

Etchratio of the etched foil at 30V . . 2140
Etch ratio of the etched and heat treated foil 26+0
at 30V.
Example 4

Etching condition: 200 grams of AR sodium chlo-
ride dissolved in 2 litres of water,
Temperature . v BB—100°C

Anode . . Super pute aluminyum 99-99¢

Cathode . . Stainless steel
Current density . G438 Afend
Duyration . . « 75 seconds

The foii is heat freated in the presence of ait for
two hours at 600°C and gradually cooled to room iem-
perature.

E.ch ratio Of the etched foil at 36V . . i35
Eich ralio o) the etcized and heat treated foil 190
at Uv.
Example 5

Etching condition: 200 grams of sodium chloride
plus 140 grams of chromic acid dissolved in 2 litres of
water,

Temperaturs . . 98—l0G°C

Anode . . . Suder pure alumisum (99399}
Catnoce . . Stainless sleel

Current density . 0°48 Ajems

Duration . . « 80 seconds

The foil is heat treated for one hour in the presence
of air at 530°C and then gradually cooled to room tem-
perature,

Etch ratio of etched foilai 30V . . . 193
Etchratio ol etched and heat treated foil at 30V 28+2

Example 6

Etching is carried out with super pure aluininium
foil as described in Example 5 in ulirasonic mediuin,

The foil is then heat wreated in the presence of air
for one hour at 550°C,

Etch ratio of etched foil at 30V . . . 283:4
Etch ratio of etehed and heat-treated foil ai 30V 41°8
Example 7

Etching is carried out with commercial purity alu-
minium foil of purity 99,59% as described in Example 4.

The foil is then heat treated at 500°C for one and a
half hours in the presence of air and then it is couled
gradually to room temperature.

Eich ratio of eiched foil at 30V . . . 11
Et chratio of etched and then heated foil at 30V 17

GIPN- 33—6 (2} C P & D Cal{74—1-11 75—15¢
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Example 8

Erching condition: 200 grams of sodium chloride
plus 140 grains of chromic acid dissolved in 2 litres of
water,

Temperature 95—100°C

Anode Super pure aluminium (99-99 %)
Cathode . Stainless steel

Current density . 0+48 Afend®

Duration . . 86 seconds

The foil is heat treated for one and half hours in
the presence of nitrogen at 550°C and then gradually
cooled to room temperature,

Etchratio of etched foil at 30V . . . 193
Etchratio of etche d and heat-treated foilat itV 26-4

The main advantage of the inveation is that the
heat-treatment of etched aluminium or its alloys ia the
form of thin foil increases the etch ratio by 335 to 50%
of its original value irrespective of the electrolyte used
for ewching the foil,

Etching aluminium foil is carried out 10 increase the
surface area and thereby reduce the overall size of the
capacitor. Since the surface area of the etched wiumi-
nium foils determines the ultimate size of the funshed
capacitors, newer technique has been developed 1 the
tield of electrolytic etching of aluminium foil to ger very
high eich ratio. Such foils are required for making
minjaturised elecirviytic capacitor, We have developed
a heat treatment technique increasing the etch rabo of
the etched foil by 35 to 30% of its initial value. Both
super pure aluminium 99.99% or its alloy 994% 1o
99.98% can be processed by placing the ¢tched fuil in-
side a suitable stainless steel chamber and heating it to
400 1o 600°C furnace, The rate of flow of air of other
gases is not very critical.

WE CLAIM :

I. A process for the heat treatment of aluminium
or its alioys for use as elecirodes in electrolytic capa-
citors by heating aluminium foil or its alloys upto
600°C characterised in that the heat treatment is um-
parted to etched foil (instead of the conventional heat
treatment of plain foil before etching) further charac-
terised in that the heating of the eiched foil is done at
400 7o 600°C in the presence of air or other gases for
a period ranging from half an bour to 21 hours where-
by etch ratio of the etched foil is increased by 35 1o

50%.

2. A process as claimed in claim 1 wh_ereip a@r or
a gas like oxygen or hydrogen or nitrogen is circulated
during heat treaiment.

3. A process as claimed in claim 1 or 2 wherein
etched super pure aluminium foil of purily 99.999, or
its atlloy of purity 99.4% to 99.98% is used for heat
trealmendt.

Dated this 25th day of March, 1972.

{8d/-)
PATENTS OFFICER,

Council of Scientific & Industrial Research.



