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This invention relates to chamical pretrcatment of titanium mandrels.
Hitherto 1t hag besn proposed to uss titanium or othsr mandruls for
the production of copper foils,
The drawbacks of other mandrels lie in the Fact that they fall ;o
give
1) a pore fres foil and 11) a smooth scratch free surfaca.
Though titanium ovoxeomsé the latter shortcoming it has an oxide film which
leads to the following additional difficulties,
1) Dstachment of ’copper foil from the mandrel during a_lactroforming
11) Formation of foile with dull mandrel facing surface
111) Formation of pores in the copper fail, |
The object of the presant invention ie to obviatse the abéva difficulties
encountered in t;lectrofoming with an untreated titanium mandrel by suitabls

chemical pretreatment of the surface,

To this end the invention broadly consists in applying a chemical
treatment(2-20 minutas) to a polished titanium mandrel with one of the
following solutionsg
1. Hydrofluoric acid - 8p.gr. 1413 (5 to 10% by volume) Nitric ecid-

SP.Gre 1041 = 1,42 (S to 10% by volume),

2, Hydrof luori¢ acid -~ sp.gre 1.13 (10 to 20% by volume) Nitric acid =

S.0% 1041 (30-60% by volume) Sodium dichro?pato (2 to 3% by welght)
3.  Hydrofluoric acid (2-10%) by volume), Chromium trioxide (2 to 20%

’ by weight) -

4, Hydrochloric acid (3-15% by volume) = Sp.gr. 1.18 and Hydrofluoric
acid (5 to 10% by volume).

5. Hydrochloric £id - Sp.gr. 1.18 (3-15% by volume) Hydrochloric acid -

(5-10% by volume) and Ferric chloride (S to 10% by weight)e

The copper foils obtained after such treatments wers found to be shining

smooth and pore fres,
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he following is the flow chart for the processs
Titanium gheet

Polishing end buffing

+

Degreasing
+

Chemical Treatment

Weshing

Electroforming from acid coppar sulphate bath,

The following are the examples to illustrate the procsgss and not to

limit cha scope of the inventiong

Example 1

Titanium sheet of size 6" x 6" was polished and buffed in the usuel
manner till a scratch free surfece was obtained, The titanium mandrel
is then degreased with trichloroethylene, The titanium cathode was treated
with a solution contalning 5% HE, 10X HNO, and rest water, for S minutes
at room tempesrature, The cathode was washed thoroughly with distilled
water. Electroforming of copper was then carried out from an acid coppsr
sulph:te bath for a predetermined tims, The foil is then peeled off,
washec and dried. It is found to be smooth, lustrous and mxs pore free,
Campla 2

Titantum sheet of size 6" x 6% after ths usual polishing, buffing and
cleaning opsrations was treated with a solution containing 10% WF, 0% HNO.
3% by weight Naztrzo., and rest water for 10 minutes at room temperaturs.
The treated mandrel was thoroughly washed uith distilled water and slectro-
forming was then carried out from sn £id éoppor sulphate bath for a pre-
determined time, The foil was thﬁn detached from the mandrel, washed and
£Mn dried, The mandgel fq:ing side of the foil is found to be smooth
" shining and pore free. 3

“of
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amplo o

Titanium cheet of slze 6" x 6" st'ter polighing, buffing snd clsening
as indicated in the above examples was treated with a solution of 10% WF,
20% by weight t::.'ﬂ3 end rest water for 2 minutes at room tinpnraturo. The
mandrel was then waghed thoroughly with digtilled water and trensferoed
to an scid sulphate clacktrofom.ln; bath, Eloctraformin§ was carried out
for a pax predeterminad time,: The foil wae then rq-ovid from the mandrel,
washed thoroughly and dried. "'l'ho mandrel fecing surface of the Poil was
found to bs luatrous, smooth and pore Pree, |
Example 4
| Titanium sheet of .1”.6. x 6" after the ueusl polishing, buffing
ﬁd cleaning opsrations was treated with a solution containing 15% HCl,
10% HF and rest water for ten minutes at room temperature.  The mendrel
was then washed thoroughly with distilled wster and transferred to an cid
sulphate bath, Electroforming was carried out for a known tims, The foll
wae then removed from the mendrel, washed and dried, The mandrel facing

side of the foil was found to be lustrove, smooth and pore free.

Exemple S
nwuu; sheat of eize 6" x 6% after the usual polishing, buffing

end cleaning was troated with a solution buntdnlnq 10% HC1, S% HF and |
NS&S by‘uiqhe rocxs' and reat water for 20 minutes at room temperature, The
- mandrel uu\ then washed thoroughly with distilled water and trangferped to
_ the tank containing acid eulphats bath, Elsctroforming was carried aut

for ml’ixo& uﬁ-. The foll was then pesled off from the mandrel, waghed
‘snd dried, = The mahdr;l facing side of the foil wee found to bs lustrous

smooth and pors free,

_4-
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The following ars the main advantages of the above inventionsg

The eleciroformed copper foll Ls pore free,

The side facing the mandrel ie found to be lustrous, smooth and shining
The peeling of the foil from ths mandrel Lis made sasy

The chemicals used for pretreatment are indigencusly availeble.

Dated ey 734 )7 ‘0’2 ]'u»ej,/"l?_

['w . baw—-att
T
1. M. S MAMAK
Scientist £ (Patenss)
Council of Scientific d
Industrial Research
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The following specification particularly describes and ascertains the pature of this inveation
and the manner in which it is to be performed :—
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Tais 13 an mventi_qn by Ballnje Mantha Shenoi, Scientist,

Sandip Kumar Roy, Scientist, Venkataramen Sivan, Scientist
and Subbiah John, Senilor Techmical Agsistant, all of them are
employed in Central Electrochemical Ressarch Institute,
Karaikudi-623006 and all are Indian natlonals,

This invention relates to a'process for the production of

electroformed copper foll and the pretreatment of titanium

mandrel for the purpose.

‘The drawbacks in the use of other mandrel lie in the fact
that they fall to give

a)
D)

a)

b)

c)

8 pore free foil

a smooth shiny and luastrous surface

Though titanium overcomes the latter shortcoming it

has an oxide film which leads to the following addit-
ional difficulties.

Detachment of copper foil from the mandeal during electro
forming

Formation of foils with aull finigh facing the mandrel
surface

Formation of pores in the copper foil,

The ﬁain object of the present invention ig to obviate these

disadvantages by using a chemical pretreatment step for the

titanium mandrel for the production of slectroforued copper

foils.

e other main objects of the invention are that

a)
b)

c)

a)

the electroformed copper foil is pore free

the side facing the mandrel is lustrous, smooth and

shiny

the peeling of the foll from the mandrel 1is made easy,
and

the chemicals used for pretreatment are indigenously

available,

y
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'me main finding underlying the present invention consigts in the pre~

treatment of the titanium sheets of the mandrel with aquecus acid solution
prior to electroforming of copper foils,

dccordingly the invention provides a process for the preparation of
electroformed copper foil by electro¥tic deposition of copper on mandrel

formed of titanium sheet cathodes in an acid copper bath which 18 charac-

terised in that the titanlum sheet for use as cathode is subjectad to a

chemical pretreatment in an acidic aqueous solution of hydroﬂuoric acid
2

and i mineral acid,

dccording to andther feature of the Invention the mineral acid uged in the
acidic aueous solution may be hydrochloric acid or nitric acid or
admixture of both,

Aceoring to a further feature of the invention the acid aqueous solution
may also contain chromium trioxide, sodium dichromate and ferric chloriade

alone or an admixture as additives,

According to a still further feature of the invention the acidic aqueous
solution may comprise 5 to 10% of V/V of hydrofluoric acid, 0 to 30% of
V/V of the mineral acid, O to 20% of WV of sodium dichromate, O to 20%
of WV of chromium trioxide and 0-10% of WV of ferric chloride and the
chemical pretreatment of the titanium sheet may be carried at room tempere
ature for 2 to 10 minute,

The invention also further provides that the process may comprige the steps
of polishing and bufring, degreasing and cher_nical pretreatment of the

tanium sheet,
flow chart for this process 1s shown on the accompanying drawving,

—~—

=

‘: }Q following typical examples are given to illustiate how the invention
(34 ]

€44 carried out in actual practice but not to limit the scope of this
A

‘\f“"' invention,

Exazple =1
7y tanium sheet of size 15 cm y 15 em was polished and buffed in the usual

‘mannar ti11 a soratch free surface vas obtained, Tae titanium mandrel vas

" shen degreased with trichloroethylens, The titanium cathode was treated with

& solution containing 5% WV Bydrofiuoric acid, 10% WV altric scid o
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thoroghly with distilled water. Klectroforming of copper was
then carried out from an acid copper sulphate bath for 10 minute:.
™e foil was then peeled off washed and dried. It was found to

ba smootr, shiny, lustrous and pore free..

Exanmla_:_n

Tttanium sheet of size 15 cm x 19 cm after the usual polishing,
baffing nd cleaning operations was treated with a solution
containirg 10% V/V hydrofluoric acid, 30% VAV nitric acid,

1% W/V sodium dichromate and rest water for 10 minutes at room
temperature. The treated mandrel was thoroghly washed and

with dis4illed water and oiectmfoming wags then carried out
from an acid copper sulphate bath for 10 minutes., Te foil was
detached from the mandrel, washed and then dried. The mandrel
facing side of the foll was found to be smooth, shining, lustrous

snd pore free,
Example - 111

" tanium sheet of sime 15 cm and 15 om after polishing, buffing
and cleaning as indicated in the above examples was treated
vith a solution containing 10% hydrofluoric acid, 20% W/V Cro3
«nd rest water for 2 minutes at room temperature. The mandrel
was thorogghly washed with distilled water and transferred to
=n acld copper electroforming bath. Electroforming was carried
cut for 10 minutes. The foll was then removed from the mandrel,
washed thoroughly and dried. The mandrel facing surface of the

#0611 was found to be lustrous, smooth, shiny and pore free.
Example - 1Y

Mtaniur sheet of size 30 cm x 30 cm after the usual polishing

>uffing and cleaning operations was treated with a solution

sontaining 15% V/V hydrochloric acid, 10% V/V hydrofluoric acid

and rest water for ten minutes at room temperature. The mandrel

- 9-
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was taen washed thoroughly with distilled water and trangferred to

an acld sulphate bath. Klectroforming vas carried out for 15 minutes,
The {511 was removed from the mandrel, washed and dried, The mgndrel
facing side of the foil was found to be lustrous, smooth , shiny and

pore free,

Bxaaple - V
Mtanium gsheot of size 60 cmx 60cm after the ugual polighing, buffing
and «lesning was treated with a solution containing 10% V/V hydroch-
loric acid, 5% VW/V mydrofluoric acld, 10% WV ferric chloride and rest .
wate for 20 minutes at room temperature., The mandrel was then washed
thorughly with digtilled water and transferred to the tank containing
acid sulphate bath, Klectroforming was carried out for 15 minutes, The
foll was then peeled off from the mandrel, washed and dried, The

mangdrel facing gide of the foll was found to be lustrmous, shiny,

smoo th and pore free,

¥o claimi ‘

1.  Process for the production of electroformed copper foil by
electrolytic deposition of oopper on mandrels fomed of titanium sheet
cathodes in an acid copper bath chagracterised in that the titanium
shect for use as cathode i3 subjected to a chemical pretreatment in an
acicic aqueous solution of hydrofluoric acid and a mineral acld,

24 Process as claimed in ¢laim 1 vherein the mineral acid used is
hydrochloric acid or nitric acid or admixture of bath,

3. Process as claimed in claim 1 and 2 wherein the acidic aqueous
sol 1tion used also contains chromium trioxide, sodium dichromate and
ferric chloride alone or in admixture,

L, rro-ceas as claimed in any of the preceding claims vherein
the acidic aqueous solution comprised 5% to 10% V/V of hydrofluorie
acid, 0-30% of V/V of the mineral acid, O to 20% W'y of sodium
& chromate, 0-20% of WV of chromium trioxide snd 0-10% WV of

ferric chlou‘blmd the chemical pretreatwment of the titanium sheet
1v
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is carried at room temperature for 2 to 15 minutes,

5. Process as claimed in any of the preceding claims 1 to 3
vherein the acldic aqueous solution comprises 5 to 108 V/Vof
hyérofluoric acid, 5-15% of V/V of hydrochloric acid, 10-30%
V/Vof nitric acid, 2-20% WV of chromium trioxide, 3=20% of W'V

of sodium dichromate and 5-10% WV of ferric chloride,
6. Procesg for the pioduction of electroformed copper foil
substantially as herein described and illustrated,

Dated this 10th day of August 1978,

(,A/btg o~ W:f/

———""

K¢ I'.!us.nu:&xt)
Scientist, Patenta,
COUNCIL OF acmm%ﬁ & INDUSTRIAL RESEARCH,
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