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This invention Trelates to improvements in or .srating
to etching of aluminiun'or ite alloys 1or use as electrudes

(anode or Lgthode) st aluminium electrolytiic capacitors,

Electrolytic capacitors are used in large numbere iB
any electronic equipmenf and the recentT}enq in the electronio
industry is to reduce .he size ot these .apacitors. This 1is
done $y uaing high gain etched xoiis s0r the rabrication
electrolytic
of the/capacitors. High gain etched foile ere maae by

electroiytic method.

The degree uf etching of atuminium 101l determines the
ultimate size of the capmcitor and is expresmed us 'etch .atio'.
It is the ratic of the capacitance of an etched and formed
fqil %o the capecitance of the piain foil of similar area

and also formed at the same voltage. Now with the recent'
devetopments in the rolling end etching technique, it 1s
possible to obtain etch ratio of over 40 when formed ut

30 volts. -9 -



Hitherto it has been proposed to treai the foil
anodically in socluble chloride solution using dec, Or
a.c. superimposed d.c., or squsre wave or d.c. with various

percentages of puleation.

Thie isa open to objection in thet the conventional
sodium chloride electrolyte with pure d.c. givee etch
ratio of only 15 at 30 volte forming. Other electrolytes
with sodium chloride as the principal constituent have been
developed but ail of them éive maximum etch ratio of 40 only,
including the process patented by this Inetitute. The
etching process using different forms of ocurrent involvéu
the import of special generators as well as suitable fllters

and chokes.

'S0, the object of the present invention is tc obviate
these disadvantages by an electrochemical etcohing process
employing suitable formulation and d.c. and adopting proper
poet treatment procedures in order to obtain high eteh

ratio between 40 and 55 at 30 volte forming,

To theee ends, the invention broedly consists in an
electrociemical procese of etching aluminium usiﬁg d.c.
ir a suitable bath formulstions as mentioned velow and
adopting a special posttreatment procedure to ;nyibit the
reaction between aluminium and water during the %ubaequent
washing process for removing the las¥ traces ¢f éhleriae

over the eitched foil.

The main constituent of the bath consists of moluble
chloride either alone or aes mixture in aulticlently high
concentration (1to 5 wolar ooncentrations). %o this, one
or more of the substiances selected from the following
list of subetences given under the three sub-divipions
1nd1gated below ere adled vo as tc =djvet the pd in the

range of 1 to 5,5



(1) $oluble salt of (a) of orgenic acids of meno, di, tri,
or hydroxy aliphatic acids or (b) of imorganic =cidse

likes sulphuric, chromic or boric acid.

(i1) The correeponding acid of the soluble galt sdded wader
(1) mentioned above or boric acid and (1ii)
(111) a dihydroxy acid (alipnatic or aromatic) aliphatic
amino alcohol, polyhydric alcohol, mono saccharide,
disacchraide or vroducte of hydrolysis of a disssecharide

like suger or polysaccheride like starck.

By soluble chloride or soluble salt, we mean the
chloride or mmlt of sodium, potaesium, ammonia, calcium

or magnesium,

During the post-treatment of the etched foil for removing
the chlorides, the reaction between aluminium anl water may be
inhibited by using solutione containing inorganic substances
like phosphate, dichmeate, éilicate,-pcriodate or surface
active compounds of snionic type containing a strongly

inhibiting inorgsnic group attached to the hydrocarbon.
The investigation is carried oﬁt as follows:

10 cm x 2.5 cm super pure sluminium foil of pufity 99,99%
or its alloy of purity 99.5% is anodically etched in two
litres of the etching sclution using stainless steel as cathode.
A current density in the range of 0.2 A/sg.cm to 0,75 A/sqg.cm
is applied from a three-phase rectifier for a period eof SO‘to 120
séconds depending on the nature of the electrolyte and
thickness of the foil. after eteching, the foil is wamhed
well with tap water and then it ie immersed for 1 to 5 m;nuﬁeu
in a special treatment solution kept at 75 to 90°C. The

foil is washed well with deionised water kept at 90—@5°p.

The etched foil is formed to 30 volte DC in e forwing
elcotrolyte containing 7,1% dihydrogen a.monium ortrovhuaphate
at 85°C,

;‘-‘*‘



The cspeoitance is messured in a cavacitance bridge by
apvlying fnur-fifth of the forming voltage in & measuring
electrolyte containing 5% boric acid at 30°C whose resistivity
ie adjusted tc 100 ohm/cm ammonie, The etch ratio values
atated in the examples are calculated by dividing the capacitance
of the etched foil with the capacitance of the plaiﬁ foil
of the.aame geometrical area when both the foile are formed

and measured under identicel conditions.

The following typical examples are given to i1llustrate the
invention:

EXAMPLE 1
(2) Etchinz electrolyte:
200 grems of commercial sodium chloride and 100 grams of
sodium citrate are dissolved in one litre of water. The pH

of the resulting solution is 4.

(v) Etching condition: .
Anode: 100 micron thick aluminium foil of purity 99.99%
Cathode: Stainless steel
Current density: 0.7 A/cm2
Duration: 90 seconds,

Temperature: 100 - 102°C

(c) Popt-treatment:

The etched foil is immersed in 0;1% ammonium dihydrogen
orthophosvhate solution at 5.4 pH for 2 minutes kept at 80°C, -
The foil is immersed in hot deionised water kept at 95°C
for two minutes. The fdil isformed at 30V.

(a) Etch ratio:
An etch ratio of 48 is obtained at 30V forming.

- §—



(u) Etching electrolyte:
200 grams of commercinl sodium chloride, 79 grams of
compercial sodjum suli,hate and 40 grame of boric acid are

dissolved in one litre of water. The pH of the reeulting

sclution in 4,%.

(v) Etching condition:

Same ap given in Example 1,
(c) Post-treatument:

The etched foil is immersed in 0.1% dihydrogen ammonium
orthophosphate solution for two minutes kept at 90°C. Then
the foil is lumersed in hot deionised water at 35°C for

two minutes. The foil is formed to 30V,

(d) An etch ratio of 47 is achieved at 30 V forming.

EXAMPLE 3
(a) Etching electrolyte:

250 gaws of commercial sodium chloride, 70 grame of sodium
sulphate, 40 grams of horic acid and 100 grams of mennitol are
dissolved in one litre of water. The pH of the resulting
solution is 4.3,

(b) ZEtehing condition:
~#node: 90 micron thick super pure aluminium foil of
purity 99.99%
Cathode: Stainless steel
Current density: 0.€5 A/cm2
buration: 100 seconds
Temperature: 102°C
(c) Yost-treatment:
Same a8 given in Exemple 1.
(4) An etch ratio of 43 is obtained at 30V forming.
-6 -



EXhi PLE
F.; Eteninsg elzctrolytes
22y greme of commercial sodiwm chloride, 80 grems of
commercial sodium sulphate, 40 grame of commerciel boric acid
are dissolved in 600 ml water. To 100 grams of sugar in 200 ml
water 1s edded 1:1 hydrochloric scid to adjuet the pH to'1.8
and then boiled for half an hour. The solution ie cooled and
the pH ie adjusted to 5.0 by adding dilute alkeli. The sugar
solaticn so hydrclysed is added to the mixture of chloride,
suiphate and boric acid. The total volume is made upto 1000 ml.

The pH of the resulting eolution is 4.6.

(v)&(B) Etching condition and poet-treatment are same as given
in Example 1.

(da) Etch ratio:

An etch ratio of 54 is achieved at 30V forming.

EXAKPLE 5
(a) Etching electrolyte:

225 grams of commercisl sodium chloride, 70 grams of sodium
citrate are dissolved in 900 ml of water. To this_., 100 ml of
ethylene glycol is added. The pH of the resulting eolution is

adjusted to 4.5 with citric acid.

(b) & (c) Etching condition and post-treatment are the same se

given in Example 2.

(d4) Etch ratio:
An etch ratio of 54 is obtained at 30V forming.
EXAMPLE 6
(a) FEtcrins electrolyte:
Same as given in Example 5,
(h) Etching condition:

Anode: 76 micron thick ocmmercial aluminium foil of purity
99.5¢ 1ims used.

Cathode: Stainless steel

- 17 -



Current deneity: 0.5 A/cl2
Luration: 60 geconde

Tempersture: 10C°C

(o) Poet-tireatment

vame as given in Example 2.

For the cathode foil the ususl practice is to give the
capacitance as/uF/dmz at O volte. The following procedure is

employed for measuring the cepacitence at O volts.

Two test pleces of size 5 cm x 2.5 cm are cut out of the
etched foils. Tabs of size 2 mm x 5 cm are attached to both
the pieced. The two foile are then wound together with
electroiytic tlssue paper and imme?eed in an electrolyie
containing 5% A.K, boric acid having a resistivity of 50 ohm-cm
(adjueted by adding ammonium hydroxide). The tabs are con-
nected to the capacitance measuring bridge and the capacitance

value was read,

The capacitance value obtained with foile etched by the

process mentioned above was 27,000/uF/dn2.

The value that can be obtained with other electrolyte is
usually less than 20,000/uF/dm2 at O volts.

The following are among the main advantages of the invention:

1. It is possidble to obtain high etch ratio (40-50 at 30V
forming) by adopting a suitable procees using d.c. suitable
etching electrolyte formulation, etching conditions and
post-treatrent procedures for the etched foil and thereby
effect considerabie reduction in the volume/size of the
capacitor which i3 the main trend in the miniaturisation
of tre elecircnic inaustry,

!;..-, rntua
Likewisme t nBei 3 ; i e ,
2. ikew ee.‘i is pos;x;}e.to ﬁpt*31§§ ggvgciza?g# v:}%;g
15,000-25.000/HF/dm to¥ the commercial purity folls,.When-

etchad by the new proccaes,

-8 -
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This invention reletes *< improvemente in or veleting to
tching of sluminium or ite elluye for use se alectrcden (snode
1 cethode) in aluminivom eiectrolytic capsctors,

Flectrolvtic repeciters are vased in large numters in any
slectroni ¢ egquipmeni en’ the recent trend in the &lectromic indostry
i1g t reduce tha mize ! thess ca seitors, Thim im dore by
using high «ain atchad ¢o:ls for *he rabricetion of ke slectrolytir
capacitore, High gain eicted foilm are made by electrolytic
me thod .

The degree of etching of sluminium fcil determines the
ultimate mine of the corscitor and is expressed asm'etch retio’,
It is the retio of the capscitanoce of sn stched end formed foil to
the capacitances of the piain foil of similar sres and also formed
- at the same voliage. ¥ow with the racent developments in the
rolling snd stching tectni vam, 1t is pommible to ohtain etch
ratio of over 40 wheyp fTormed at 30 volte,

Hitherto it has been proposed to treat the foil snodically
im soluble chloride solntion using direct current of slternating
onrrent superimposed on direct curremt or square wave or direct
ourrent with various percentages of pulsstion.

This is open to objection tm that the ecmverntional sodium
shloride electrolyte with pure direct current gives an etch restio
of omly 15 st 30 volte forming. Soma of the other electrolytes

e “ .-



developed with podium chloride se the princigal conetituent
including the procescew patented by us earlier (Indisn Patent
Numberg 100213 and 130558) 411 not include any rost-treatrent
procedure to inhibit the reaction betweer the etched aluminium
Yoil and water with the result they geve an etch ratic of only
40 et 30 volts forming. A few other processes using different
forme of current invnlve the import of special generstors as
well as euitable tiltere end chokes.

50, the object ot the present invention is to obviate these
disadventages by an electrolytic etching process employing
suitable formulation and direct current and adopting proper
post-treatment procedures in order to obtain high gain etch foil
with suitable electrical characteristice am having the minimum
chloride content.

Tu these ends, the inverntion broadly consiste in electrolytic
etching of aluminium foil which comprises subjecting the'foil
to an anodic trestment in an aqueous solution consisting of
(1) & s luble chloride 15-30%, (i1) & scluble salt of esulphurie
scid, sliphstic hydroxy (mono or di or_tri) carvoxlyic acid 1-8%
(111) aliphatic hydroxy (mono, di or tri) carboxlylic ecid or
boric ecid 1.0 to 20% snd (iv) one or more of the substances
like tarteric acid, pophydric alcohol, products of hydrolysis of
sugar, inorgsnic acids like hydrochloric acid or eulpburic acid
80 as to adjust the pH between 1.0 and 4.5, the =8lid unodic
treatment being carried out a8t 8 current density of 0.48 to
1.24 ampe/cm2 for 48 coulomb to 125 coulomd pexr eq. cm of the
foil murface, at & temperature of 98-105°C whevrein the etched
foil 3= subjected to & post-treatment in 8 hot solution containing
one or more of the ilnorgsanic sutestances like, phosphate, silicate,
periodate and boric scid in order to achieve high gein etched
foil with an etch matio of 40 and above at 3 volte forming.

By soluble chloride or soluble salt, we mean the chloride
or -glt of sodium, potassium, spmonium. calcium or megnesium.

During the post-treatment of the etched foil for removing the
‘ghlorides, the resction between aluminium and hot water may be
inhibited by using wlutions containing inorganic sube tances
like phosphate, dichiromate, sllicate, periodate and bworic acid,
This treatment enables us to obtain foils hm;ing low chloride
eontent and having good electricsl characteristics.

— .



Tue Tavestigaiioa 18 carried ovutl AR Joliuwes

10 i X 0.5 oM suyer puie aauminium X101l of purity 99,99%
or ites slloy of purity 9.7 - +4,83% te snudically stched im twe
litres of the etchimg molutiom velng atsinless steals, eerbom
or micksl as cathide. A current demsity im the roxge of 0.48 teo
V.24 A/cmz is tpplicﬁ.fron # three phase rectifier for 0.8 1o
1.4 amperes minutes fer square centimeier of the foll depanding
oa the nesture of the elecirolyte and the thiekmemss of the foild,
After etching, the foil ie washed well with t ap waier amd thenm
it i» immersed for ! %o 5 minutes in s apecisl trestmemt sclutiom
hept ot 80-00°C,  Tha foil is weshed weil with delonised water
kept at 85-30°C,

The etched foil i& formad at 30 volte using direcd curreat
in & formimg electrolyte conteainming O.1% dihydrogen smmomium
orthophosphate et 85°C,

The capacitamce is measured in & cmpacitance bridge by spplyimg
four-fifth of forming voltege irm s mespuring eleciroliyte contmming
5% boric acid at 30°C whose resistivity is adjusted to 170 obm—cm
with sumonia. The etch ratino values atated in the sxssgples sre
calculsted by dividing the capacitance of the etched foil with
the capacitsmce of the plaim feli of the seme geometrical ares
whes hoth the foils are formed and wessured under identical gomditiomas.

The following typicel examplee are given & illustrate the
imvention: '

EXAMPLE 1§
(a) Electrolyte compomition:
Sodinm obloride: 20%
Sodium citrete: 10%
Cityrio acids 1.0%
Hydroecblorie acid: to adjust the pH to 3.0
(b) FEteching condition:
Anode: 100 wicrom thick foil
of purity 99,99%
Cathode: Stainlees steel
Curcemt density: 0.7 A/cnz
Duration: 90 seconds
Tenperstura: 102°C

(c) Pret-trestment:
The etched foil is immeraed im O.1% ammoniug dihydr Zen
orthoppea,hate anjution st pH 5.4 for ¢ miaatee wa.nieineg o B0
The foil 1e immezmed in hot deionimed water for 2 mimuies smd

formed &t S0 wolts.

{a) Eteh ratios Eteh vetio obisinad ig 4 at 30 wolce fu wip

S
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EAMPLE 2

(a) Blectrolyte compositiom:

Sodium chloride: 20%

S8odium esulphsates 7.5%

Boric acid: 4408

Rydrochloric acid :o ;dgalt the pk
(4] .

(b) Btching couditions:
Bame an giver im Example 1

(e¢) Post-treatment:
The e tched foil is immersed im & solutiom containing
0.1% dihydrogen smmonium orthophosphste amd 0.01% disodium
hydrogen phbosphate at pH 5.5 for 2 minutes. Then the foil ie
immersed im hot deionised water at 90°C for 2 mimutes. The
f£0il is then formed at 30 wolts,

(d) Btch retio:
Ar etch ratio of 47 is achieved at 30 volte,

EXANPLE 3
(2) EBlectrolyte compomition:
Bodium chloride: 25%
Sodium sulphate: 7.5%
Boric scid: 4.0%
Mamnitol ‘ To adjust the pH to

4.3

(b) Btchimg conditioms:

Anode: ' 90 microm thiok super
pure sluminium foi
of purity 99.99%

Cathode: Carbon plate
Current deneity: 0,65 A/bn?
Duration: 100 secomds
Temperatures . 102°C

(e) Post-trestment:
Same a3 given i» Example 1

(8) Xtech ratio:
Am etobh ratio of 43 is obtaimed at 30 volts formimg.

EXAMPLE 4
(a) Electrolyte composition:
Sodium chlorides 22,5%
8odium milphatet : 8%
Boric acid: 4%

fo this, the followimg solutiom 1z added and the pH of the
resulting solutioa 1s 4.5. 100 greme of suger is added te 200 ml
of 131 hydrochloric acid soluticm smd the pH is sdjusted to 1.5

it Ay WAl YT LA Pav haelF em hanw Maa .-



. is sdjested to 5,0 by ad?iu dilute slkald, The sugar
soluiion then hydrolysed is sdded to the solutiom comiaining

sodium ehloride.
(v) & (¢) The etching comdition amd Post-irestment sre same

@8 giver in Example 1.

(d) Esch ratio:
Anm etch ratio of 54 is achieved at 30 volte forming.

BIANPLE 5
(n) Electrolyte composition:
Bodium ochloride: 22.5%
Sodium citrats: T.0%
Citric acid: 1,0%

100 =l ethyleme glycol is added end the pH of the
repulting solution is 4.5,
(») emd (c) Btching condition amd Posti-treatment are the
same as given inm Example 2.

(4) Btoh ratios
Etch ratioc obtained is 54 at 30 volts forming.

EXAMPLE 6

{(a) Etching electrolyte:
Same ss given in Exsmple 5.

(b) Etching conditions:

Anode: 76 nicaon thick
commercial purity
alwninium contsining
99.5% aluminium

Current denaity: 0.5 Afom®
Darstion: 60 wseconds
Temperatures: 100°C

(¢) Post-trestment:
The etched foil im treated im 0.1% periodate sclution et
80°C for 2 minutes and them im hot water at 85°C for 2 minutes.

() Eteh retio:

Por the ocethode foil, the usual) practice is to give the
capacitance aa/u?/dnz at 0 volt. The following procedure is
employed for measuring the cspacitance st O volt:

The smmple im cut into two pieces of sive 5 com x 2,5 ox
and tebs of size 2 mm x5 cm sre attached to hoth the pleces,
The two foils sre then wound together with electrolytie $isme
peper 3nd immersed in an electrolyte containing 5% AR beris acic
heving a resistivity of 50 ohm—cm{adjusted dy adding smmentum
hy fronide). The tabs are commected to tie capacitanmes
measaring bridge and the eapacitaroe was rs2ad.



The capacitance velue ohteined with foile atoled by the

procecs wentfoned ebsve wew 2?,000/u)/du

2

&

The vxiue %that can be obtsired with other electrolyte ig
uoually less tuus 20,000 mF/ar® at 0 volt,

edhiPih 1

Llectrolyte compoaltiont

(a)

(b)

(e)

(¢)

(a)

(»)

(e}

(a)

Sadiuwm culoriees
Sodium sulpletes
Borie eeids
Tearteric sold

Etelirg condition:
Aa0(les

Cathode:

Current dengity:
Duretion:
Terperature:

Yogt—-trenimentt

1%5%
3%
10%

%o adjuet the pH
te 2.0

1V wierom Shisk super
prre eiuninium foil

ftaivives stael
1.0 A/eng

80 wmeconde
102°¢C

The Yoil is immerwsed im 7.5% boric wid :solutiom st 80°¢
for 2 minuies uiy them in Lot defvnimd weter goiution at
88%e for 2 mJnutﬂs?né tuen formnad at 30 volte,

Etoh ratios

An eteh ratio of 41 im obtained wt 30 volts,

LXAWFLE 8

Elevtrolyte composition:
odlum ¢hl1sride:

fodium eulphates

Borie aids

#thylene glycol umd ,
Bulphnrie anis

¥tohing aonditione:
Amode:t

{utbeda:

Curzrent density:
Duraticns
Fewmpereture:

Post-treztwmant)
Ssmne ne given in bxmaple 1
Ktek ratiocn

1655
€%
4%

to edjurt the pE ke
2.4

100 micron thiek superx
pure wjuaminium fotl)

fteinieren ateel
1.0 8/om”

80 secomds

104 °C

An siloi retic of 43 im obtaixed 8% 30 volts forming,



The following are smong the win advsnisges of the inventton:

1, It 18 poesible to obtain high etch ratie (40-50 at 30 voite
forming) by adupting a euitable procecs using direct curremnt
suitable etchiing electrolyte formulation, etehing condistions

and posi-treatmests procedures for the etched foil and thersby
effect considerable reduction im the veiume/size of the capscitor
which 13 the mein trend in the miniaturiestion of the electironie
industry.

2. ILikewise, by this process it ie possible to get high
capacitance value of 15.000-25.960/uf/dn2 at O volt for the
cathode foil ueiny commercisl purity foil.

WE CLAIN

1. A process for electrolytically etching aluminium foll which
comprises subjecting the aluminium foil to &n anodic trestment
im an aqueous solution consisting of (1) a soluble chloride
15-30% (11) 8 soluble salt of suwlphuric acid, aiiphatic hydroxy
(mono, 44 or tri) cerboxylic aoid 1-8% (iii) aliphatic hydroxy
{wono, &1 or tri) carboxylic seid or boric acid 1.0 to 20% and
(iv) one or more of the substances like tartaric ecid, poly~
hydric alcobol, products of hydrolysis of sugar, inorgsnic
scide like hydrochloric acid or sulphuric acid sv as to adjust
the pH between ! snd 4.5, the said anodic treatmen: being
carried out at a current density of 0.48 to 1.24 ampa/cnz for
48 colulom® to 125 coulomb per sq.cm, of the foll swrface,

at a temporature of 98-105°C wherein the etched foil is
subjected to post-treatment in & hot solution containing one

or more of the .inorganic substances like, phosphate, silicste,
periodate and boric scid in order to achieve high gain etched
fol)l with an eteh ratio of at leagt 40 end sbove at 30 volts
formung.

2. A process for electrolyty etching as claimed in 1 in which
the aluminium foil is subjected to an anodic current density of
0.48 to 1.24 A/bmz and for 48 coulomb %o 125 coulomd per sg.cm
of the foil.

3., A procese for electrolytic etching as clelmed in claims 1

and 2 wherein the foll ieg subjected to a post-treatment in a hot
golution containing inorgenic substances like phospbsate,
dionromate, silicate, periodete and boric acid maintained

at 80-30°C for a duretion of 2 to 5 minutes during the continuoun

processing.
W. A procesa for electrolytic etching as claimed in cleim 3

wherein the pust-trestmeant ajuecus solution is kept at a pH of

e
5 to 6.5. Pated this 4th day of kebruery 1975.
PPR/(C.P& D. Cal1)/79-80/150 , WM&J%
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