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Th! ¢« 18 an invention by Shri BALKUNJE ANANTHA SHEROI,

Soler:tist, Shari KANDADAI RAJAGOPALACEARL NARASIMEAN, Sclentist,
VANAATASU BRMANIAN LAKSHMI NARASIMAAN, Selentlst, Shri DEVARAJ
KANAGARAJ, Senior Seoieatific Assistant and Shri ANGUSAMY
PCNMAL, Senlor Laboratory Assistant all are Indisn natlionals
ard all are employed in Central Eleetrochemical Research
irstitute. Karaikudi-s, India.

Tais invention related to improvement in or relating to
post teea tment process for the removal of chlorides from e tched
aluminium foil for uce in aluniniu-‘ electrolytic capael tor.

Hitherto 1t has been prepared to remove the chloride in
etched aluminium foil after etching operation by rinsing the
ctch“ foil in ruaning tap wat-r or by treating thetbiihin
acid such as hydrochloric acid or nitric acid or by treating
ths foll as cathade in running distilled water.

This is open to the objection due to the following resoms:
(1) The chioride present in the etched foll appears to be
prasent as bisie aluminium chloride. Treatment in.0.5 N Hel
ag'd 1s given to convert the basic chloride to form more soluble
¢tovm of chioride., In the above process the treatment time 1s
5 "0 10 minutes and the chloride 1s not completely removed in
suvsequent washing with vater. .(11) The foll is treated as
ot thode in running water at 400 V.D.C. The application of highk
D.(, Vcltage requires proper insulation and safety devices to
awl tch oft the source instanamonsly;

The ohject of this invention i1s to obviate these dlsadvan-
tages by treating the etched Aluminium foll chemically in &
aeid mixture contalning either 5 to 10% HNO, 2nd 1 to 5§ nitric
acid apd 1 to 5% phosphoric acid follo-ed hy ca thodkctrea tuent
in 3 solution contaiaming 0.2 to 3% NHy B0y and 0.1 to 1.0%
33903 at 30V for a period renging between 6 to 120 seconds.

%0 these ends, the invention broadly consists in post
trestment pgrocess for memoval of chlorides in etebed alunfaign

goil, After etching eperaticn the froll 1s 'ashed in rannkag
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tap water followed by trestment in & miyfare of 6 %0 i0f HNO.,

ant 1 to 5% Hel for 60 to iuve sxen., After jet washing in tap
water, 1t is electrochemically treated in & salution conthin.
ing 0.26 to 3 (NH,) By Og and 0.1 to 1.08 HoBO,at 30V at a
tampera ture of 50 <4 20C for & period from 60 to 120 secs. Then
the foll is treited in a special treatment solution to preserwe
the capacitance oo storage followed by the treatment in bolling
deionized water &s dascribed in our Indian Patent No. 141250,
and then in bolling deioni ped water.

The rolloing exumples are given to Lllustrave the
invention »
BLAMPLE-)

The aluminium foil is: etched in an electrolyte described
{n our Indlan Patent No. 141250 1+ treated in 2 solutlon conta-
ining 108 Hel -5g ENO, at 550C for 120 seconds. Subsaguently
the foll is sashed «ith jet watar and then in running tap water.
The chloride content in the etched foil is ostingtad as per the
procedure given hereinafter. The chloride cimunt after cheml-
oal treatment and vashing is 3 mg per active square meter.
Then the foll is subjected to electrochesical treatment in anm
electrolyte containing 1.0% ammonium pentaborats and 0.1%
boric acid to adjust the pH from 7 to 9. The foll is treated
as cathode using stainless steel as apodes at 30V for 2 min. At
850C, It s followed by special treatment in & solution as
described in our Indlan Patent No. 141260. T™e chloride contect
of the atehed Foil after electrochemical treatmeat followed
by special treatment and in boiling deionized water treatnent
1s estimited. The chioride content in the etched foll after
giving all the post trestment im 0.5 mg per active sq. meter.

. .
The aluminium foil etched in an electrolyte Ssscribed ia

ocur Indian Patent No. 138708 13 treated in an aeld mixture
containing B PO + 54 Eﬂoa at room temperstaye for 120 secs.
The eteind fell atber jot washing And washing ir running tlp

water 1s given all the treatments as io Ixamp.s 50, 1
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T ohloride content in the stched foil after chemioal
treatment followed by jet and running tape water is found to be
“e5 Mg P:r Active 3quare meter.,

The chloride content in the etehed foil after electro-
shewioal treatment and postltroahonts 1s found to be 0.5 mg
por aative square meter, 4

The following i1s the maln advantages of tae invention;

Ths removal of chloride present in the etshed froil is bhro-
ught doun to 0.5 mg/m2 by adopting thi~ process which preveats
the contamination of the costly forming bath thereby increases
the 1life of the forming electrolyte. The low chloride conteat
in the etched foll will reduce the forming time and attain
very low ledkage current. .

Procedure for estimating chlorlde content Lu stoned foll,

The chléride in the etched foll is estimated as followus

800 cu® (26.7 cm x 15 om) area of etched foll treated as
atatad abhove 1s taken and suitably cut into three equal pertions.
200 m). of delonlzed ~ater 1s heated to 1006C in a beaker and
the folls are bolled for three minutes and ithn extiact Ls then
cooled to laboratory temperature. 20 ml., of the extracted
solution 1s plpetted out into 50 ml. graduated medsuring cylind-
er, 10 drops of 65% nitric acid is added to the above extract.
1.25 ml., of 156 solution of silver nitrate is added. The
resulting soiution is made upto §0oml. 1000 ppm of sodium
chloride 1s prepared by dissolving 1.660 gms of AR Sodlum
chloride in one litre deionised water. From the mother soluti'on
containing 1000 ppm of it ion 0.1, 0.3, 0.5, 1.0, 2.0, 3.0 and
5.0 ml. of the solution is pipetted out and again mide up to
one litre using deicnized water. Kew the standard solution
prepared as stated above contalns 0.1, 0.2, 0.6, 1.0, 2.0, 3.0
and 5.0 ppm of solutions. To 20 ccs frcm sach of the standard
golation 10 drops of 65§ mlos and 1.25 ml. of 15 solution of
siiver nitrate are added and made into 50ml. using deioni aed
wvater. The tarbidity is compared with the standard solution,
It it 1s comparable with 2.0 mg/l standard solution, the chlo-
ride ocotent present in 1 8q.m. Of the etched foil 1s caloulated

A
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as follows g

208841 3 Q.21 ,
- 500"/.’
X 0.08 nd
(152 - 100 cm x 50 om of etched foll )

Dated this 18th day of dugudt, 1977

bt tsemz

4SSLOENT PATENTS OFFICER
COUNCIL OF SCIBNT FIC & INDUSTRIAL RSSBARCH.



iq ®0 RO
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COMPLETE SPECIFICATION
( Section—10)

" AN IMPROVED PROCESS FOR THE REMOYAL OF CHLORIDE
TONS PROM AN EYCNED ALDMINIOM POIL FOR USE IN
ALUMINIUN BLBCTROLYTIC CAPACITOR, "

COUNCIL OF SCIENTIFIC & INDUSTRIAL HESEARCH,

Rafi Marg, WMew Delhi- 110001, India, an Iadian
Registered body incorporated under the Registratien
of Societies Aet ( Act XXI of 1860)

The following specification particularly describes and ascertains the nature of this invention
and the maaner in which it is to be performed :—
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This 13 an inventi-r by BALKUNJE ANANTHA SHENOI, Sclientist,

KANDADAL RAJAGOPALACHARI NuaAémnM, Scientist, VINKATASIBRAMA-
MIAN LAKSHMINARAGIMHAN, Sclentist, DEVARAJ KANAGARAJ, Senior
Scientific Assictant and ANGUSW Y PERMAL, Senior Laboratory
ds sl stant all are Indlan cltizens and are employed in the
Central Electrochemictl Research Inséltute, Karaikudi-623006,
Tamll Nadu, Indla.

Thi s invention relates to an improved process for the
rewo-al of chloride ions from etched aluminium foll for uce
ir alusinium electrelytlie capacl tor,

Hi therto it bas been proposed toc remove the chloride lons
in etched aluminium foll after etching operation by rinsing
the foil in running tap water or by treating in hydrochlorid
acid or nitric acid or by treating the foll as cathode in
ruming disgtilled water., -

This is open to the objection due to the following
reasons: (1) washing the foil in rumning tap wa'ur is not
an effective method for removing the chloride ion from the
@eep stch pits (11) The treatment in acld solutiom convert
the basio aluminium chloride into a more soluble form of
chloride. The soluble chloride is washed in running tap
water. This subsequent washing step is not adequate to
resove chloride ion right down to 0.5 mg/meter square of the
etchad foil (111) The foll is treated as cathode in running
water at 400V D.C, which requires proper insulation and s&tet}:
devices to switch off the devices instantaneously.

Removal of chloride ion from etched doil is difficult if
the etch plts are narrow and desp as in the case of low voltage
etched anode foils. By treating W th aclid such as hydrochiorie
or nitric actd followed by washing with jet water or in running
tap water, the chloride fon in the deep etch pits is not
completely removed. During subsequent forming operation the

¥
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chlcordie fon prevents the complete formation of oxide filim

and :educes the life of the costly forming bath., Capacitors
fab» cated u'. th high chloride 1on content etched folls give
less reliabliiity and low electrical performance.

The wmain object of the invention 1s to obviate these
dis:ivantages and to effect removal of chloride ions content
fros the etched aluminium foll to less thea 0.5 mg/active
mets r square, The folls than prepared according to this
insntion produce capaci tors vith excellent performance in
the vay Of very low current leakage better rhelf life and
mors reliabilityy by treating the etched 2aluminium foil in
a eclid mixture containing 6§ to 108 V/V of nitric acld and
1 10 5§ V/V of hydrochloric or phosphoric acid, wasMné"ﬁi th
jo- water by mweans of a series of jets, folloved by catbgdic
t~ atment ‘n‘a sblution comntaining 0.6 to 5% W/¥ ammomium
paitaborats and 0.5 to 2.0% W/V boric acid at a temperature
of 35 to 50°C for a period renging between 60 and 120 recs.
A corrent density of 0.4 to 1 A/dm? is applied to the foll
fyom a rectlfler. . ‘The etched foil after ca thodic cleaning
i treated in a solution containing phosphate ions and then
1, bolling vater as described in our earlier Indian Patent
N> 141269.

Acccrdingly this invention provides improved brOcesa for
‘he removal of chloride ioms from an etched alminlum foil
or use :n alusinium electrolytic oapaci tor.[_mmprisuh
.reating the etohed foll in acid mixture and washing the same
ath vatar,%lch is characterised in that the etched foll is
then further treated eleetrochemically in a solution of
ammonius: psntaborate and boric acid.

The invention further provides that the electrochemical
treatneut of the etched foild comsists in waking the foll as
cathode using &s electrolyte ‘s solution of Q.s to 5 W/W of
ammonitna pentaborete and 0.5 to 8 W/W of borle acid :and..
a stalnless steel anode.

Acoording to another feature of the invention, the
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electrochemical treatment im oarried at 28° to 50° C for a

period of 60 to 120 mecs. usimg & current density of 0.4 to
to IA/am2,

According to yot another feature of the invention the
elsctrochemloally tweated foil is further treated in & solution
containing phosphate ions and than washed wi?\;h bolling
deisnd sed water. |

The process for removal of chloride ion from the etohed
aluminiua foil thus comprises 1) treating the etched aluminiwm
foll in an acid mixture containing § to 108 V/V of nitric
aold plus 1 ‘tc 5% V/V phosphoric aocid or hydrochloric acid
11) washing the foll by means of a series of jets fixed on
ether side of the path of the foll 1i1) Uloanlr;g the. foil
by making it as cathode in a solution containing 0.5 to 5%

W/V of amzonium pentaborate plus 0.5 to 2% W/V of boric acld
kept at 36 to 502 for a period of 60 to 120 secs. and & curre-
nt density of 0.4 to 1 A/dm? being applied to the foil from

a rectifier iv) treating the foll in a solution containing
phosphate Lon and then in bolling deionized vater whereln

the chloride ion content in the etched foil is reduced to

less than 0.5 mg per actlive metre sguire.

The following examples are given to illustrate the
inventions
EIMPLE 1

The foll etched in an electrolyte as per process described
in our Indian Patent No. 141850 is treated in a solution
containing 108 HNO,+ 56 HC1 at 250 for 120 secs. Subssquently
the foill is washed vith jet water. The chioride in the etohztvl‘
foll 1s estimted as follows : 800 om2 (26,7 cm X 15 om)
areas of utch-d foil treated as stuted above is taken and
sul tably cut into three equal pestioms. 200 ecs of deionised
water 1s heated to 100°C in a beaker and the foils are bolled:
for three minutes and the extract is then cooled to laboratory
temperatu,,re. 80 ocs of the extracted solution is pipettod oug

£ into 50 oo gradua ted measuring cylindor, 10 drops of 68‘
q
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nitr ¢ 8cid i3 added 4o the above extract. 1.25 €cs of

154 solutic:: of silver nltrate 1s added. The resulting solution
is 4o upt 20 ess. 1000 ppm bf sodiuis chloride is prepamed
by digsolvl g 1.650 gus of AR sodium chloride in one 1itre
deioiised w: tar. From the mother solutlon containing 1000 ppm
of ¢.dorids ion G, 0.2, 0.5, 1.0, 2.0, 3,0.\and 5.0 ces of

the :olutior is pipetted out and agaln made up to one l1litre
usln; deioni sed -ater. Now the standard solutions prepired as
stated abov:e coantains 0.1, 0.2, 0.5, 1.0, 2.0, 3.0 and 5.0 ppm
of ctloride ion in the solutions. . To 20ccs from each of the
starcard solutions 10 drops of 65% HNOg and 1.25 ccs of 15%
goluiion of silver nitrate are added and made lnto 50 ccs

asing delonised water. The turbidity is compared with- the
standird solaution. If 1t is comparﬁble with 2 mg/1 standard
solution, tie chloride content present in 1 sq.m. of the etched
foil Ls calculated as followss

2 mg 1 x 0.2 1

= 5 ng/n?
x 0.08 m2 )

{ 1 m2 =100 cm x 650 em of etched foil)

The chioride content in the etched foll after chemical
treatsent 15 6 ng/m2,

After waghing in ruming tép water and jet water, the foll
is szzb:;eéteé to slectrochemical treatment in an elsctrolyte
contalning 4.0% W/V ammonium pentabordte and 1.08 W/V Borie
agld for adjisting the pH from 7 to 9. The froil 1s treiated as
oathcie at « current density of 0.6 amp. per dm2 for 2 minutes

‘at 357 ¢ usiag stalnless stesl as ancdes. It is followed by
furtt:r treaiment in a solutlion as described in our Indian
Patent No. 41250 and then in boiling deionized water. The
ohloride comtent of the etched foil after the chemical and
electrochend ;al treatment folIowed by special treatment and
in boiling Gsionized water mamt 1s estimated as deseribed
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abuove. The chloride content 1n the etched foil after giving

all the po-t treatment 1K 0.5 mg p>* active sq. metre.

EX/MPLE 2

The foll etched in an electrolyte as per process desoribed
in our Indian Patent No. 139702 is treated in acid mixture
.qon tatning 3% 539044.55 HBRO, at room temperature for 120 segs.
Then 1t 18 cleaned »ith jet water. The estimation of chlesrlde
1s carried out as stated in Example No, 1. The chloride content
in the etched foll after the chemical treatusnt and jet washing
1s found to be 3 mg/p2-

The etched foll after the treatment in the phosphorio
acid, nitric addmixture, is washed with running tap water.
This again 13 washed with jet water. Then the foil is electro-
chemlcally cleaned and glven subsequent treatments as in
Bxample number 1. |

™e chloride content of the etched foil after completing
all the post treatments as described in Example No. 1 1s
estimited. The amount of chloride present in otc;;sd foll 1is
0.5 mg/active square metre of the etched roil.

Treating the etched foll in an acid mlxture follo ed by
cathodic cleaning the chloride content in the etched foll is
prought down to less than 0.5 mg per active meter sgquare.

teda

1. An improved process for the removal of chloride ions
from ‘apy etched alhinim foll for use in aluminlum electroly-
tie capacitor comprising ‘traatlng the etched foil in an acid
mixture and washing the same with water characterised in that
the atched foll is then further treated electrochemically in
a sGlution of ammonlum pentaborate and borlc acid.

2. The process as claimed in claim I wherein the
electrochemical treatment of the etched foil comprises making
the foill as cathode using &s electrolyte a solution containing
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0.8 to :i W/W of ammonium pentaborate acid 0.5 to 2 W/W of

boric asid usmg a stainless steel anode. _

8. The process as claimed in claim 1 and 2 wha‘nin the
elesctrochemical treatment is carried out at 35 to 50%°% for
& pariod of 60 to 120 seconds using a current density of
0.4 to L A/dm2,

4. The process as claimed in any of the preceding claims
vherein the oleo&ocbni«lly treated etched foll is further
trea ted in a solution containing phosphate ions and thonﬂ_
washed with bolling deionised water.

8. An ilmproved process for the removal of chloride ions
 from an etched aluminium foll for use in aluminium ocapaocitor
substantially as bave described and illustrated in c'nnplu.

Dated 15th day of Nov., 197B.
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| Sclentists (Patents)
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