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rﬁh 4s an invention by SHRI BALKUNJE ANANTHA &I SHENOI, Scientist,
Shri m‘bnmoumx NARASIMEAN, Scientist, Sri VENKAT. U BRAMAN LN

{
LAKSIM]N&MS MAAN, Sc ientiﬂr\snL,DEVARi\J LANAGAIW Senior Scientific

S ..

Assistant and Sri ANGUSAMY PMWMAL, Senior Labmtqry hsistant all are
Indian Nationals employed in the Central Bleotrochcnical Reﬂaﬁgh hsti-u
tate, Karaikndi-6, India,

' This invention relates to improvements in or relating to a-forma.
tion ;hich consists of formation, stripping and reformation steps for
mroducing high quality dielectric oxide film that can be used in inter-
mediate and high voltage electirolytic capacitors,

Hitherto it has heen proposed in the Almminiom electrolytic oape~
sitor art to use predoiled Aluminivm etched foil in the formation process
to produce efficient formation due to its lesser consumption of electrical
energys The prebolled foil even nftor‘fomtion ooufainn u'wne excens
Paeudobochmite hydrous aluminivm oxide film. This causes a sharp decreass
upte 19 in the capacitance and undesirable increase in the dissipation
factor of the finished electirelytic capacitor. This excess of hydrous
exide is stripped ewvay in a solution containing ﬂ.,l'ﬂ,‘ and CI'Q3 nixture
axd again anodically reformed in non-borate electrolyte systems to form
stable, officient oxide film used for high voltage capscitors, The re-
!onhcA step heals any flaws o1 defects brought about by the siripping
process,

This is epen to the ebjection that the !l,P'O~ and c:-o, lm‘i..ppil‘
selutien used in the prior art, if not thoroughly vashed, irews in the

erevict os ofthe oﬂdi film. This vill readily aiteck the film formed in
borate olntrolytc during the reforming steps. So non-berate electrolyte
1ike Bod ium bennoata Are to be used for forming., Nom-borste eleotrolytey
aed in the prier art ean be used te reform only upte }50volts. Tevelon !
above 390 velts is the diffisulty met with the prior art,
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‘By reforming the foil, after striping hydrous oxide layer a decrease
in capacitance upto 43 1is reported in hither to known proceas,

The object of the present invention is to obviate these dissdvan-
tagw by uaing:itripptng f solution containing phosphoric acid and any
one of the acids like Joric acid, acetic acid or Witric acid inetecd of
OrO3 t0 remove the emoess hydrous exide film which is not converted inte
barrier oxide during the formatiom process, After strip;ing, the feoil
is washed viﬁh delonised water apd reformed in boric acid electrolyte to
the voltage previously formed to attain minimau leakage current, The
now stripping solutions net only prevent the usage of non-borate eintn—-
lyte for reforming but also obviate the difficulty met with the prior art
of reforming above 350 volts, By using any one of the stripping solutions,
X the foil can be reformed in borfe Acid electrolyte upto 600V, It vas
sleo observed that by the reforming in the boric acid electrolyte the caps=
citance value increases by 3 to 10f and the dissipation factor decrfeuses
by 10 to 16§ cumpared to ﬂl{nlue obtained before s.trip’in; ‘the formed foil.

To these ends, the invention broadly consists of stripping the formed
foil in the stripping solutions with phesphoric acid based eloetr.olytu con=
taining Mitric acid, acetic acid, boric acid and again reformed in borie
acld electrolyte to the previously formed voltage thereby increases the
capacitance value and decreases the dissipation factor of the formed foil
for use in intermediate and high voltage aluminium electrolytic capacltor.

The fo0}loving typical ezamples are given to ix illnstrate the invetw

tions
. XXMPLE-X
Mleotrolyte for formings
A.B.Btu:lo acid s 100 \p/litro

Temperature of the bath -3 90 & 2¢C

Anode t Preboiled etched muperpure aluminivi
foil
2
Ares t 25 am
Caihodo ¢ Degreased plain alwainium foil
Duration § 30 minutes
Corrent density 1 10 mA/sqeom
Porming veliage s 550 volts D.C.

__Myssuring veltage ¢ 400 wolts D.C.
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Preboiled etehed foil is made a3 anede in 108 boric acid solutiom at

390 volfm The ourrent for forming is kept at 10mA/Sq.om. 111 550 velts
is reached and thereafter meintained at 550V ¢i11 the current falls te
0,6 mA/sg.om, Normally it takee 3040 mimutes for complete formation.
It 18 them washed and the capacitence is measured at 400 velts in &
measuring electrolyte containing 9% boric acid at room temperature vhepr Wham,
resistivity has been adjusted to 100 okm/om with Wiy, The eapacitance
and tanl values obtained are measwred in o capacitance bridge.
The value obtained ames

Capacitance & 5.0 /D

Tea & ' 3.2%9% ,
The above formed foil is then stripped in a solutien comtainiag A% K10, 4
9% Boric acid for 120 4 10 secs, at 85 4 2°C. The foil afier washing
in delonised vater at reem temperature is again refermed in the abeve men~
t‘ind Boric asid electrelyte te 550V for 120 ¢ 10 secs, te cure any dd ot
or flawa in the barrier oxide layer cawsed by stiripping process. The valud
measured st 400V,

Capacitamce ¢ 5,3 MPD

Ton & t 2.9

BRI

The pebéiled mphe pure etched aluminiwa foil is formed and weasured oo
stated in Emmple No,1, The value measured at 400V before stripping epe-
ration is

Capacitamse ¢ A,95 M®

Ton & ' 3%
The formed foil is then stripped in a solution ~ontaining % LN, « L
itjnth acid at 70 o 2% fer 90 ¢ 10 seces After washing in deienined
wturh at reom i-pgatme, again reformed as stated in Busmple Nes 1 for
180 + 10 secs, Thewlue measuredat 400 velts is.

Copmaitanse 3 3.4 M0

M“ s io”
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RXAMPLE-111

The preboiled superpure etched Aluminimm foil is formed and measured se
wtated in Exmmple NooIs The value obtajned befere sirippisg operaticn is

Caraaitance & 6 M

| Tan & 8 3}1

The adove fermed f0il is then stripped in a ulnu.on containing % l’N‘ +
s B0y (coms,) for 130 3 10 weos. at 85 3 2°C and that veshel vith do-
donised vaters The feil is again reformed in feric acid ¢lestrolyte to
550V for 90 sess. %o heal guy defeots or flaws ceused by the strippieg
step
The wlne medsured at 400V is

Capscitamee ¢ 6,2 M

Tan & st 1%

The fellewing are ameng iho main advantages of the inventionms
It 1s pessible to obtain high capacitance and low dissipation facter eof
Righ veltage dapmiter smode foil by adepting the stripping ¢f emess
hydrous exide film after ferming and agsin reforming in the conventiemal
elestrolyte.

D alid Al "ﬂ&: -(ma r-s &%Hn'
| .
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Council of Scientific d Industrial Researdh
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COMPLETE BPECIFICATION
( Section—10)

IMPROVED PROCESS FOR THE PRODUCTION OF
DIELECTRIC OXIDE FILM COATED ETCHED ALUMINIUM
POIL FOR USE AS ANODES IN HIGH VOLTAGE
ELECTROLYTIC CAPACITOR.

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RERSEARCH,

Rafi Marg, New Delhi- 110001, India, an Indian
Registered body incorporated under the registration
of B8ocieties Act ( Act XXI of 1860)

he following specification particularly describes and ascertains the nature of this invention
nd the meaner in which it is to be perfornsed :—~
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M™is is an invention by Shri Balakun je Migitha Shenol, Setentist,

Sri Ksdedet Rajsgopalchari Narasishan, Scientist, ShriVenkatesubrae
manian Lakshminarasimhan, Scientist, Shri Devaraj Kanagaraj, Senier
Bxientific Assistant and Shri Mgusamy Perusal, Senior Laboratory
Assistant, a1l are Indian nationals and are employed in the Central
Klectrochemical Research Ingtitute, Karaikudi-623006, Tamil Nadu,
India. -

Tis invention relateg to the field of capacitor industry vhich
involves formation, stripping and reformation steps to produce high
quality dielectric oxide film on etched aluminium foil that cen de

ugsed in intermediate and high wltage aluminius electrelytic capaciters.
e improved process of the inventiion is for the production of
dielectric oxile coated etched aluminiwm foil for use as smode

in high wltege aluninium electrolytic capacitors.

Ritherto it has been preposed to use preboiled stched aluminium fefd
vhich cefitaing pscudecboshmite hydrous aluminium oxide film, for
ofitcimt formation of dielectric oxide film as it consumes lesser
energy for forming. During the formation process, the hydrous oxide.
f11m is converted into barrier lsyer oxide film. Bven after conplete
' formation of the barrier fila, some excess hydrous oxide f1l1a rempihs
" unconverted. Thig causes a sharp decrease upto 15% in the capacitunee.
and undesirsble inorease in the dissipation factor of the finighed
slectrplytic capacitor. This esxcess hydrous exide 1is -m"u Ny
"4 a solution containing a mixtire ef !3105 od Cr03 acids end agwin
modically reforsed in wbornt" electrolyte systems. By sdepting
m. method, a stable efficient exide film om be formed, MWe
ntorlinl step heals sy flavs or defects brought about by the M§

step.

"m.‘ 'ymoiu 1s epmn to the objection in that, the '3”'* “6‘3

stripping solutien uged in the prior art, if not thoroghly washed,

mau«m«-.f&-mmmmmw
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non-borato elsctrolyte sucha as sodium denszoate is need for forming,

Again mfominx with non-borate electrolyte anef]‘;’O volts is not
possidle,

By reforming the foll, after stripping the excess hydmoug oxide 1310.1',"
a decresse in capatitsnce upts 4% is reported in the hitherto known
process.

The objsat of the present invention 1s to obviate these dissdvantages
by waing a stripping solution containing phosphoric acid and any one

of th¢ acide 11ke Boric acid, acetic acid or nitric acid instead of
ﬂug ts remsve the excoes uhecenverted hydrous oxide film sid also te
eslininate the nen-dorate slectrolyts mystems which can be used to reform
only upto 390 wolts, )

e qf?tﬁr objections of the invention are that the reforming csn be
carried cut ¥ a vbltage of 550V in boric a0id sleotrolyte 1tself.

and that an fncrvxse tn capaoitance vaiuo by 5 %o 08 avd dsefease in
dlasipation fagtor By 10 to 308 cah bs achieved, compared to the velue
obtainéd before stripping.

e anin finding underiying :thc inven tion conaists of resgving the
Amses Nydrons 5114.. film present even after complete formition in boria
acid slectrolyts in s stripping solution containing phosphoric actd

in the cohcemtration range between 3 and 5% and any one of the woids
sugh asz acetic acid, boric acid and nitric acid in the concentration
rq. betwegn 3 and 5% for a periocd of 90 to 160 secs. at a tewperitare
of 75 to B7°C. This is followed by thordéh washing in deionised water
ah Sees tewparature snd then reformed in boric acid elestrolyte to e
vol tage pmuou.ly forsed to attain winimu leakage current. |

Ry using say omne of the stripping solutions mentioned above, the feldl
can We reformed in boric acid electrolyte 1tself to the slready
predefarained ;roltm instedd of sodium bensoats slectmliyte.

mﬂmhwmmwwstotofcummam
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digsipation factor by 10 to 30% can be achieved by this method.
The present inventiom accordingly consists of an improved process for
the production of dielectric oxide film coated etched aluminium foil
for use as anodes in high voltage aluminium electrolytic capacitor
which comprises forming preboiled etched aluminiuml' foil, stripping
. the excess hydrous oxide film and feforming the oxide layer in
sodium benzoate electrolyte and is characterised in that the stripping
of the coated oxide film on the foile— it is carried out in a
solution containing phosphoric acid and S.cetic acid, nitr:&c acid or
horie acid in a ratio do effect the gtripping and that the reforming
1s carried out in boric acid at 80° to 90°C.

The formed aluminium foll is stripped in a soclution containing 3 ¢o
5% V/V of phosphoric acid and 3 to 5% V/V of any one of the acids suok
as acetic acid, boric acid, nitric acid maintained at 75 to 87°C for
a periocd of 90 to 160 secs, followed by washing in deicnised water
and reforming the aluminium foil in 10 W/V of boric acid kept at 80
~to 90°7 for a periocd of 90 to 160 secs. to the original.predeterminud
. forming voltage of upto 550V whereby the capacttance of the aluminius
foil is increased by 5 to 10% and the dissipation factor 1s decreased
by 10 to 0% of the value obtained before stripping.

The foliowing typlical examples are given to illusgstrate the process

invention

Sxample-1
Electrolyte for forming 3
A.R.Boric acid s 100 gm/1itre
Temperature of the bath 1 90 # 20¢
Anode s Preboiled etched superpure
aluminium foll
Area 25 Cm2 ,
Cathode Degreased plain aluminium foil
Duration 30 minutes

Current densgity 10 mA8q.om,
Forming voltage 550 Volts D.C.

Measuring voltage s 400 volts D.C.
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Preboiled etched foll 15 made ag anode in 9

0% boric acid solutionn at
550 volts. The current for forming 1ig kept at 1) mA/so.em. ti11

550 volts is reached and thereafter maintained 4t S50v till the curree
nt falls to 0.6 mMsq.om. Normally 1t takes ¥-"9 ainutes for complete
formation. It ig then washed and the cepucitance L meanired at

400 volts in a measuring electrolyte containing Y% bnris acid 1t room
temperature whose resistivity has been adjusted % 100 ohm/cm with

NH3. Te capacitaince and tan 5 values obtaiined are measured in a

capacitance bridge, 'The value obtained is

S

flapacitance 3
Tan & ' 3.25%

The above formed foil 1s then stripped in -~ golution containing kﬂ
BP0, + 5% boric acid for 120 + 10 secs at 85 + 28 C. ‘'he foil

after waghing ‘n deionised water at room temperature 13 again reformed
in the above mentioned boric scid electrerlyte to 9550V for 120 + 10 secs.
to cure any defects or flaws in the barrier oxide layer caused by

stripping process. The value measured at 400 V is

Capacltance 3 3.3 MFD
T™n $ y 2.5%

Bxample - 11

The preboiled super pure etcaed aluminium foil is formed and measured
as stated in Example No,1, The value weasured at 400V before strippe

ing operation 1is
Capacitance 3 %,95 MFD

Tans ¢ 3%

The formed foil 1s then strippeé in a sclution containing 5% H-PO, ,

4% acetic acid at 75 + 20C for 90 + 10 secs. After washing in

delonized water at room temperature, again reformed as stated in
e value mezsured at 400 Volts 1s

3 5.4 MFD
2.%

Example No. 1 for 150 + 10 secs.
Capacitance

Tgn S

A3
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Exazple-III
The preboiled superpure etchea aluminium o1l 15 forved and meagured

As stated in Ex-mple No. 1. The value obtained hefnre strippmg
operation ig ;

Capacitance ( : 6 MFD

Tn & : 3%
The sbove formed f~31 1 then stripped in a solution containing W{
4P0y +5ﬂHNo3 (Cone.) for 150 + 10 secs. at 85 + 20C 4nd thit washed
with deionizsd water. The foil ig again fef‘ormed in borie acid
electrolyte to 550 V for 90 secs. s to heil any defects of flaws
caused by the stripning step.
The value measured at 400V ig .

Capacitance t 6.2 MFD

Tan S’ t 2.2%
We Clhaim

1. Improved process for the production of dielectric oxide film
coated etched aluminium foil for use as anodes in high voltage
1luminium electrolytic capacitor comprising forming oreboiled etched
aluminium foill, stripping the excess hydrous oxide film and reforming
the oxide layer in sodium benzoate electrolyte characterised in that
the stripping of the coated oxide film on the foill is carried out in a
solution containing phosphoric acid and acetic acid, nitri& acid or
boric acid in a ratio to effec*t the stripping and the reforming is
earried out in boric acid at 80° to 90°C.

2(.’ Process as claimed in claim 1 vherein the formed alusinium foil
1s treated in a stripping solutiom containing 3 to 5% V/V of phosphoric
acid and 1 to 54 V/V of aceﬁic acid or nitric acid or boric acid at a

' temperature of 759 to B79C for a perlod of 90 to 160 secs.

- 3. Process as clalmed in claim 1 or 2 wherein the formed and stripped
aluminium foil is reformed by treatment with 10% WV of boric acid

at 8°C to 90°C for a period of 90 to 160 seconds to a voltage between

350 Vv -mid 550 volts,
)



| 48226
4, Improved process for the production of dielectric oxide film

cozted etched aluminium foil for use as smodes in high wvoltage

aluminium electrolytic capacitor substantially as herein described
and illustrated.

Dated this 8th day of November, 1978
('W/tb—w

COUNCIL OF mmnr?éigg‘ imén%'hn
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