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PROVISIONAL SPECIFICATION.

IMPROVEMENTS IN OR RELATING TO NICKEL ELECTRODEPOSITION,

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Rart Marc. NEw DELHI-1, INDIA, AN
REGISTERED BODY INCORPORATED UNDER THE REGISTRATION OF SOCIETIES ACT (Ac¢r XXI oF 1860;.

INDIAN

The following specification describes the nature of this invention.

This is an invention by BALKUNJE ANANTHA SHENOI, Scientist, RAMACHANDRA SUBRAMANIAN, Senior Scientific
Assistant, both of the Ceniral Electrochemical Research Institute, Karaikadi, CHELLIAH BaLasmvcH, Senior
Scientific Assisiant, Naiional Aeronautical Laboratory, Bangalore, and VENKATARAMAN SRINIVASAN, Senior
Scientific Assistant, National Chemieal Laboratory, Poona, India, all Indian citizens.

‘This invention relates to improvements in or relating
10 the nickel plating from a Watt's type of nickel bath.
Hitherto it has heen proposed io use low curvent
densities in such a bath for plating and electro-forming

tered air agitation. D.C. to A.C. current ratioc 7:6.
The time cycle 12%io is 4:1. AL, is fed from mans
230V /50c/s, through a dimmersiat, D.C, is fed from a
rectifier. The cathode 1s made of mild steel or copper

applications. or hrass.
This is open to the chjection that the process is time The following are among the main advantages of the
consuming taking nearly one hour for plating a thick- invention:

ness of .001%.

The objecrt of thig invention is to obviate these dis-
advantages hy using very high current densities of the
order of 300 as for more by use of modulated currents.

To these ends, the invention broadly consists in
using a suitable combination of alternating current and
direct current with a proper voltage ratio in a simple 4. Can be adapted to existing plating installations
Watt's type of nickel plating baths. The de/ac, very easily.
current ratio can be varied from 7:1 to 1:1 and time § Baves a lot of time and hence increase the working
cvcle can be varied 5:1 to 1:1. Ccape iy of tank, nearly 5 to 6 thnes.

The following typical examples are given to illus-
trate the invention:

1. A thick deposil of .004” could be cobta.ned in a
matter of 20 nunutes.

2. The deposit is {ree from nodules, surface rough-
ness and does not crack when flexed or bent,

3. The depesit does not become dark or darkmal
even gt high current densities. ’
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ExamreLe 1. Patents Officer,

The plating bath conssts of nickel sulphate—300 g/],
nickel chloride—52 g/1. and borie acid—30 g/}, pH 3.5,
Temperature 35-30* . Nickel anodes are used, Fil-
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The followwng specification particulorly describes and ascertoins the nature of this inventwon and
the manner in which it is to be performed.

This is an invention by BALKUNJE ANANTHA SHENOI,
Assistant, both of the Central Electrochemical Research
Scientific Assistant, National Aéronsautical Laboratory,
Scienfific Assistant, National Chemical Laboratory,

This invention relates to improvemenis in or relai-

ing to the mckel electrodepogition from the Watts type
of nickel baths,

Hitherto it has been proposed to use current densi-

ties 1n the range of 2 1o 13 asdm in the Watts type of

Scienlisf, RaMeCHANDRA SUBRAMANIAN, Senior Scientific
Institute, Karaikudi, CaRian  Baiasinen, Senict
Bangalore, and VFNKATARAMAN SRINIVASAN, Senwr
Poona, Incia, il Iidian citizens.

{d) The use of current densities in the upper limits
of the current density range generally rescted
in an imbalancing of the bath due to .npreper
ancde dissolution,

The main object of this invention is io obviate theve

nickel plating baths and in the range of 2.5 to 30 asdm
ir. the special types of Laths like all chioride, suipha-
mete or Auoborate for electroplating and electroforming
applications,

disadvantages caused by high current density electro-
deposition in the converiwon.! B.C, method by use of
modulated curvents dwring ¢ oetrodeposition from the

This is open to the fellowing objections:

(a) The use cf current density in the upper limits
in the Woit's tvpe of bath icads to unsgatis.
factory deposits causing pitting, burning and
priitieness in the eectrodeposiied nickel,
when the direct current zalone is used.

(b} The special types of baths are either very costiy
or required s$pecial equipments for tank
linings, heating coiis and cooling coils because
they are highly corrosive.

() The time required to build up satisfactory
deposits of heavy nickel is long generally the
rate of ruild up Feing about 0.061” in the
current density range of 4 asdm.

convent.onal Watls {ype of rickel baths. This permiis
to electrodepocit nickel from the Watls type of buths
over a wide range of hign current densities of 2¢ lo
50 asdm without causing burn.ng, pitting or brittleness.
Thus the use of special type of baths like sulphamate,
fluehorate or high cthlovides need not be resorted io
increase the rete of build up.

To these ends, the invention broadly consists in
using a suitable combination of alternating current snd
direct current with ¢ proper voltage ratio for the electro-
depasition of nickel on the cathode surface AC/DC from
the Waits type of nickel plating baths to obtain a
DC/AC current ratie In the limits 1:1 to 1:1.
D.C. time ¢ycles for plating can be varied over 5:1 t{o
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1:1. Thus by proper choice of the parameters, wviz.,
the DC/AC voltage ratio, DC/AC current ratio and
DC/AC time cycle ratio nickel can be electrodeposited
at current densities of 30 asdm or more, from a nickel
plating bath containing nickel sulphate, nickel chloride
and boric acid. The anodes used are conventional
rolled or electrolytic nickel ancdes. The anode dis-
solution is guite uniform with no passivation of the
suriace, which is a common phenomena observed in
the conventional simple DC method.

The rate of deposition is thus increased to 0.004” in
20 minutes of passing direct current by employing a
combination of AC/DC in the said range ; whereas by
the conventional simple DC method only 0.001” thick
deposit could be obtained in 60 minutes with a current
density of 2 asdm. The deposits obtained by the use
of a combinaiion of DC/AC as described above are
smooth and adherent without pits on the surface even
when the thickness of the deposit is of the order of
0.008” or more.

Thus the other objects of the invention are:

{a) The technigque can be used in building up of
heavy nickel deposits for salvage of worn
cut parts, mis-machined parts and for sur-
facing of machine parts with a thick hard
layer of nickel. This could be achieved in
3 shorter time than the conventional methods,
resuliing in an increased production rate.

{b) The technique can be used in nickel electro-
forming applications also, to build up thick
nickel electroforms in much a short time
without sacrificing the desired mechanical
properties of the nickel electrodeposit. Such
a high rate of deposition of nickel from the
Watis type cannot be achieved by the con-
ventional simple DC methods.

Thus the present invention consists of a method for
electrodeposition of nickel from the Walts type of
nickel electroplating baths at such high current densi-
ties as 30 asdm or more by using a suitable combination
of AC and DC. The following is the detailed description
of the process and the procedure by which it is to be
carried out.

The constituents of the elecirclyte for nickel deposi-
tion can be varied over the following ranges:

Nickel sulphate . 120 —400 pme/litre
Nickel chloride . . 30— 60 gms/litre

Boric acid . . . 25—50 gms/litre
and the operating conditions are:

pH (electromeiric) . . 2-4.5

Temperature . . 45—85°C.

Agitation . . . Filtered air agitation

Anodes . . . Bagged mickel ancdes

Rolied or electrolytic nickel is connected to ihe
positive terminal of the D source (a rectifier or a
motor-generator} and the work piece iz connected to
the negative terminal of the same source.

The nickel anode terminal and the work piece ter-
minal are now connected through a variable trans-
former to the terminals of AC mains. AC is fed from
230V /50C mains.

The AC/DC voltage ratio is so maintained as to
keep the DC/AC current ratic in the optimum value.
The DC/AC cwrrent ratio can be varied over the limits
7:1 to 1:1.
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The DC/AC time cycle ratic can be varied over the
limits 5:1 to 1:1.

Ths DC cwrrent density used for electrodeposition
can be varied over the lmits 2 asdm to 50 asdm.

The total time of depositions are adjusted to give
the desired thicknes of the nickel! deposits depending
on the current density used and when ihe desired thick-
ness is obtained boih the AC and DC circuils are cut
off and the work piece removed, rinsed and dried as
usual,

The following typical examples are given to illus-
trate tbhe invention:

EXAMPLE.

The plating bath consists of nickel sulphate—300
gms/litre, nickel chloride—52 gms/litre and boric acid—
30 gms/litre, pH 3.5 Temperature 35—50°C. Nickel
anodes are used. Filtered air agitation. DC te AC
current rafio 7:6. The time cycle ratio is 4:1. A.C.
Is fed from mains 2306V/50C/s, through a dimmerstat/,
DC is fed from a rectifier. The cathode is made of
mild steel or copper or brass. Rate of build up: 0.008"
in 30 £t of tolal plating time.

The following are among the main advantages of
the invention:

1. A thick deposit of 0.004" could be obtained in a
matter of 20 minutes.

2. The deposit is free from nodules, surface rough-
nesg and does not crack when flex or bent.

3. The deposit does not become dark or darkmat
even at high current densities.

4. Can be adapted to existing plating installations
very easily.

§, Saves a lot of time and hence increase the works
ing capacity of tank, nearly 5 to 6 times.

We claim:

1. A process for the electro deposition of nickel, e.g.,
for electroforming or salvaging from the Watls type of
#lating baths wherein is used modulated current with
a suitable combination of DC/AC, wiz, the DC/AC
current ratio in the range of 7:1 to I:1 and DC/AC
time cycle ratio in the range of 5:1 to 1:1 whereby
heavy nickel deposition is achieved at current densities
in the range of 2 asdm, to 50 asdm.

2. A preocess as claimed in Claim 1 wherein the
nickel electroplaiing bath contains the following eon-
stituents in the range.

Nickel sulphate . . 120—400 gms per litre
Nicke] chloride 30— 80 gms per litre

Beric acid . . . 25-- 50 gms per litre
and the operating conditions being:

pH (electrometric) . 2--4.5

Temperature 45—65° C.

Agitation . . Filtered air agitaiion
Anodeg . . . Bagged nickel anaodes,

R. BHASKAR PAI,
Patents Officer,
Council of Scientific and Industrial Research.

Dated this 28th day of July 1966,



