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Section 4
<“IMPROVEMENTS IN OR RELATING T0Q ELECTROPLATING OF CHROMIUM FROM AQUEOUS ELECTRCLYTES
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The following specification particularly deseribes and ascertains the nature of this invention and the manner in which it

is to be performed.

' This is an inventien by Namakkal Vijayam Partha-

saradhy, Scientist and Thirugokarnam Ramachandran
Subramanian, Senior Laboratory Assistant, both of
Central Electrochemical Research Institute, Karai-
kudi-3, India and both Indian.

Thiz invention relates to ELECTROPLATING OF
CHROMIUM FROM TETRA CHROMATE ELEC-
TROLYTES.

Hitherto it has been proposed to deposit chromium
from:

(¢} Coventional Chromium Batkh : It contains chromic
acid and sulphuric acid usually in the ratio of 100 : 1
and is normally employed in the temperature range of
40°—50°.C and current density range of 8-22 amp/
dm® to produce bright deposit directly from the
bath. The normally used basis metals are polished
copper (basis or undercoat) and/or nickel undercoat
ete.

(b) Tetrachromate based electrolytes : These have been
reported in other countries. They consist of chromic
acid, sulphuric acid, alkali and trivalent chromium.
They are operated usually in the temperature range
of 16° to 25° C and current density range of 22-100
amp/dm?. The deposits are dull grey in the ‘as pla-
ted’ condition and are subsequently mechanically po-
lished to obtain bright deposits.

Thiz is open to the objection that :

(a){t) The deposit from the convetional chrome bath
generally is not uniformly bright in the ‘as plated’
condition, in spite of the use of appropriate current
density and temperature to produce a bright deposit,
because of the poor covering power and throwing
power of the electrolyte. This is more often the case
with complicated jobs. Further, it is not easy to polish
to lustre finish the chromium deposit from this bath,
gince its hardness is high.

(#1) The corrosion resistance of the chrom deposit
from the conventional bath is not high, as the deposit
13 somewhat porous,

(#¢) The current efficiency of the conventional
chromium bath is low and is usually of the order of
10—12%,

{b) The tetrachromate based electrolytes produce a
duall deposit although at a higher efficiency-usually
about 3 times the conventional bath-and hence use of
such electrolytes invelves an additional step of mecha-
pical finishing of the deposit in order to produce a
bright surface,

The object of this invention is to obviate these dis-
advantages by producing a bright deposit of chromium
in the ‘as plated’ condition, from a tetrachromate based
electrolyte containing an sddition agent,

To thess ends the invention consistsin the use of a
tetrachromate based electrolytc together with an
addition agent for the electrodeposition of bright
chromium, in the ‘as plated’ condition, on to polished
mild steel basis, copper (basis or undercoat) and/or
nickel (undercoat).

The bath composition and operational conditions are
as under :

Cromic acid .. 2:5t04-3 gm. mole/l.

Hydroxides and/or Car- . .
bonates of alkali metals} 0:3te 1°6  gm./mole/l.

Trivalent chromium 0:03 to 0-20 gm, molef).

Sulphate 0001 to 0-05 gm, molefl,
Addition agent (Fluorine
based inorganic compound
of alkali metals) 0001 to 0300 gm, mole/l.

Temperature 18° t0 38°C

Current density .. 2 to 65 am./dm?,

The following typical examples are given to illustrate
the invention :

Ezample 1

The usnal preplating operations like degreasing with
organic solvent and alkaline electrocleaming are given
to the polished basis metal prior to actual plating.

The tetrachromate based electrolyte preferably of
a composition as follows is made use of to deposit
chromiym,

Cromi¢ acid ..

Hydroxides and/or Car-
bonates of alkali metals |

2'8 to 40  gm. mole/L.

0:8t01'5 gm. mole/l,

Trivalent chromium 0-10 t0 0-18 gm, mole/1.

Sulphate 0-005 to 0-030 gm, mole/1.

Addition agent 0-001 te (300 gm. mole/1.
Mild steel specimen prepared as above, is made the
cathode in the above electrolyte, together with two
insoluble anodes, the cathode being in the middle of
the two anodes. At a temperature of 19° to 25°C,
direct current from a DCsource at a current density
of about 9 amp/dm?® is passed, when a bright chromium
deposit is obtained in the ‘as plated” condition.

PRICE : TWO RUPEES
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Example 2

All other details as in example 1, with the difference
that a polished nickel plated mild steel is the cathode
used and the electrolysiz is carried out at a current
density of 16 amp/dm? at a temperature of 25° to
31° C. A bright deposit of chromium is produced
straightaway from the bath.

The following are among the

matn adyantages of
the invention :

{1} The production of a bright deposit of chromium
in the ‘as plated’ condition, for decorative applications,
at a temperature of 18°—388°C and in the current
density range of 2 to 65 amp/dm? from a tetrachromate
based electrolyte.

(2) Production of relatively pore-free and corrosion
resistant chrominm deposit.
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(3) The use for electrodeposition of chromium, of
a bath, with good covering power and throwing power,
a8 compared to the conventional type of chrominm
bath, and

(4) The use of a bath for electrodeposition of chro-
mium with high current efficiency.

Dated this 21st day of August, 1967.

sd/-
R. BHASKAR PAT
Patents Officer
Council of Scientific & Industrial Research.
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This is ap invention by NAMAKKAT VIJAYAM
PARTHASARADHY, Scientist and THIRUGOKAR-
NAM RAMACHANDERAN SUBRAMANIAN, Senjor
Laboratory Assistant, both of the Central, Blectrochemi-
cal Research Institute, Karaikudi-3, India, both Indian
citizens.

The invention relates to “Blectroplatmg of Chrominm
From Tetra Chromate Electrolytes”

Hitherto it has been proposed to deposit chromium
from :

{a) Conventional Chromium bath : Tt contains chromic
acid and sulphuric acid usaally in the vatio of 100 : 1
and is normally employed in the temperature range of

°—50°C and current density range of 8-22 amp/dm?,
to produce bright deposit direcily from the bath. The
normally used basis metals are polished copper (basis
or undercoat) andfor nickel undercoat.

(b) Tetrachromate based electrolyfies : These have heen
reported in other countries. They consist of chromic
acid, sulphuric acid, alkali and trivalent chromium.
They are operated usuafly in the temperature range of
16° to 25°C and current density range of 22—100 amp/
dm?® The deposits are dull grey in the ‘as plated’ con-
dition and are subsequently mechanically polished to
obhtain bright deposits. “

Drawbacks conmected with hitherto know processes/
devices :

The drawbachs connected with thechitherto known
processes are :

(a) (1) The deposiit fromy the conventional chrome
bath geverally is not unifokwsly birght in the ‘as plated”
condition, I spite of the use of appropriate current
dexisity and te i)&ig{aqm to produce a bright deposit,
because of the poor covering power and throwing power
of the electrolyte. This is more often the vasé with
jobs of odd shape. Further, it is not easy to polish to
lugtre finigh the chromium deposit from ™ this bath,
gince its hardwiess is ugh.

() The' coirosion resistance of the chrome deposit
from the conventional bath is not high, as the deposit
is somewhat porous '

(¢4} Thy current officiency . of the conventional

chromivm bath 12 low and is usually of the order of
10—129,

(b) The tetrachromate based electrolytes produce s
dull deposit although at a higher efficiency-usuallv
about 3 times the conventional bath-and hence use of
such electrolytes fnvolves an additional step of mecha-
nical finishing of the deposit in order to produce 5 bright
surface. The object of this invention is to obviate these
disadvantages by produeing a bright deposit of chro-
mium in the ‘as plated’ condition, from s tetrachromate
based electrolyte containing an addition agent.

The main object of the invention 1 fo produce a
bright deposit of chromium in the ‘as plated’ condition
from a tetrachromate based electrolyte, by the use of
an addition agent.

The other object is to develop a low and room tem-
perature bath with better covering and throwing power
as compared o the conventional chrome bath (of thé
composition : Chromic acid 250 gpl, sulphuric acid
2-5 gpl, Trivalent chromium 5 gpl, maximum ang
operated at 50°C), for the production of bright deposit
of chromium for decorative applications. Such 4
development is particularly suited to tropical countries
like India and one can normally dispense with heat;
and control equipments. Also such a bagh enables
chromium plating feasible at low enough current densi-
ty (compared to the conventional bath) which is an
advantage in times of restricted electric power supply.
Also the lower current density in chromimm platig
minimizes possible peeling of the nickel undercoat,

f The invention takes the advantages of the tetra-
chiomate based electrolyte, namely high efficiency, use
of temperature around ambient temperature, wide
permissible current density range, better coveri
power and throwing power and overcomes the defest
of the bath that it produces a dull deposit in the ‘ag
plated’ condition, by the use of an addition agent, which
imparts brightness to the chromium deposit.

The main finding underlying the inveation is the
production of a bright deposit of chromium for degors.
tive applications, by the incorporation of.a suitable
addition agent in a tetrachromate bhased electrolyte,
at a temperature of 18° to 33°C and in the onrrent density
tange of -2 to 65 amp/dm?.
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The new result flowing from the new finding is that
by the use of an addition agent in the tetrachromate
based electrolyte of the composition in the ranges indi-
cated, with proper ratio of chromic acid to the hydro-
xides andfor carbonates of alkali metals, with appropri-
ate ratio of sulphate to the addition agent and with a
proper ratio of sulphate and addition agent with respect
to the chromic acid, in the optimum range of operating
conditions of temperature and current density. it is
possible to produce a bright deposit of chromium in the
‘as plated’ condition at or below or above ambient
temperature with higher cathode efficiency and hence
higher rate of build up (and consequently lower duration
of electrodeposition), from a bath with better covering
power and throwing power, which means in practice
the feasibility of electroplating chromium satisfactorily
on to odd shaped jobs, with uniformly bright deposit
and with less or no defects such as patches, dull or milky
areas, uncovered regions ete,

To substantiate the above, the following data are
given :

In the conventional chrome bath at 50°C, the eurrent
efficiency is in the range of 10 to 229, in the current
density range 8 to 50 amp/dm? By the use of the said
electrolyte as detailed in the patent, in the said compo-
sition ranges of chromic acid, alkali and/or carbonates,
sulphate and addition agent etc., at 20°C one obtains
a eurrent difficiency of 18 to 39%, in the current density
range 8 to 30 amp/dm? whereas at 30°C the efficiency
is 12 to 339%, m the current density range 8 to 50 amp/
dm2. This does not, however, mean any significantly
higher voltage requirements. An indication of this is
obtained from the following data. In the conventiona}
bath at BO°C the bath voltage, under a particular set
of anode and eathode spacing, is in the range 3-4 to
10-0 volts in the eurrent density range 8 to 70 amp/dmn?,
while in the said electrolyte in the said composition
ranges of chromic acid, alkali andfor carbonates, syl-
phate and addition agent etc., the bath voltage is 37—
106 volis in the temperature range studied viz., 18° to
38°C and in the current density range of 8--70 amp/
dmn®,

To produce 0-5micron thick deposit of chromium it
requires about 3 minutes at a current density of 15 amp/
dm? in the conventional chrome bath at 50°C, whereas
it needs 1-2 to 1-9 minutes at 20°C in the electrolyte
covered by the patent at the above current density.

It is also to note that in practice, in view of the low
covering power and throwing power of the conventional
chromium bath, the plating 1s required to be carried
out aiming 1 wmicron thickness (occasionally even
higher, depending upon the nature of the job to be
plated) to cnsure that on ‘significant surface’ the
deposit thickness is at least -5 micron, This difficulty
is considerably reduced in the electrolyte covered by
the patent, since the throwing power and the covering
power of the electrolyte are high. For the same reason
one can dispense with the initial strike that is normally
resorted to in decorative chrome plating. '

Further when the bath is operated at the optimum
current density range, in the temperature range indi-
cated, the change in current efficiency with tempera-
ture is lower than in the conventional bath. This is an
added advantage in practice, particularly while electro-
plating big sized articles.

The throwing power of the said electrolyte covered
by the patent is much better than that of the conven-
tional bath. The sulphate content of the bath can be
varied over wide range of concentration, of course
maintaining its ratio with addition agent in appropriate
hmits.

From the view point of production of bright deposits,
the electrolyte covered by this patent, can be operated
any where in the range of 18°C to 38°C. Further, the
finish obtained is very bright on polished copper basis
{or undercoat) and/for nickel (undercozt) and mild steel
bagis. The electrolyte and the operating conditions are
best suited for the conventionmal copper-nickel-chro-
mium system.

Since the bath composition covered by the patemt is
capable of withstanding cutrent interruptions, the bath
can be used for barrel chrome plating without fear of
producing defective deposits of chromium on to the
plated samples, The impreved covering and throwing
power of the electrolyte are the added advantages in
the use of the said electrolyte for barrel chrome plating.

The bath composition covered by the patent, can, if
desired, be used for direct deposition of chromium on
to alumimimm and its alloys and zine base die castings.
Further, in view of the relatively low operating tem-
peratures, the corrosion of the tank lining and of wn-
covered areas of the job, is rather low,

The present invention consists of a process for pro-
duction of a bright deposit of chromium in the ‘as
plated’ condition for decorative applications, which
comprises in the use of tetrachromate based electrolyte
with an addition agent and of the composition as
under :
Chromic acid 2'5 to 45
Hydroxides andfor car-
bonates of alkali metals J

gm. mole/1,
0-5t0 16  gm. molefl,

Trivalent chromium,

Sulphate

0:03600-20 gm. wmole/i.
0 001 t0 0°05 gm. mole/l.

Addition agent  (Fluorine’||

based norganiv compound, | 0001 to 0- 300 gm. mole/1.

wherein the addition agent is primarily meant for impa-
ting brightness to the deposited chromium and it should
be present in optimum proporfion, with respect to
sulphate content, which in turn bears an appropriate
relationship with chromic acid concentration in the
electrolyte and the said electrolyte in the appropriate
proportions in the said ranges, shall be operated at
temperature of 18° to 38°C and at current density of
2 to 656 amp/dm?

A few typical examples to illustrate how the inven-
tion is carried out in actual practice, For process
inventions, please specify quantities, conditions, yields.

Ezample 1

The usual preplating operations like degreasing with
organic solvent and alkaline electrocleaning are given
to the polished basis metal prior to actual plating. The
tetrachromate based electrolyte of a composition as
follows is made use of to deposit chromium :

Chromic acid 2:8t0 4.0  gm, mole/l.
Hydroxidesand/orear- | _
bonates of alkalimetals | 0-3t0 1'5  gm. mole/1.

Trivalent chromium 0-10t0 018 om, mole/l,
0-005 to 0-030 gm. mole/1.

0-001 to 0-300 gm. wole/1

511 Iphate
Addition agent

Copper specimen prepared as above, is made the
cathode in the above electrolyte, together with two
insoluble anodes of 932 lead—79, tin alloy, the cathode
being in the middle of the two ancdes. At a temperature



4 112106

of 19° to 25°C, direct cutrent from a DC source at a
current density of about 9 amp/dm? is passed, when a
bright chromium deposit is obtained in the ‘as plated’
condition, at & current efficiency of 17—229%,.

Ezample 2

All other details as in example 1, with the difference
that a polished nickel plated mild steel is the cathode
used and the electrolysis is carried out at a current
density of 16 amp/dm? at a temperature of 25° to 31°C.
A bright of deposit of chromium is produced straight-
way from the bath, at a current efficiency of 16-—219%.

The following are the main advantages of the inven-
tion :

{1) The production of a bright deposit of chromium
in the ‘as plated’ condition, for decorative applications,
at a temperature of 18°—38°C and in the current density

range of 2 to 65 amp/dm? from a tetrachromate based
electrolyte,

(2) Production of relatively pore free and corresion
resistant chromium deposit,

(3) The use for electrodeposition of chromium, of a
bath with good covering power and thorwing power,
ag compared to the conventional type of chromium
bath, and

{4) The use of a bath for electrodeposition of
chromium with a relatively high current efficiency.

Summarising, the invention provides a process for
the electrodeposition of bright chromium in the ‘as
plated’ condition, for decorative applications, from a
tetrachromate based electrolyte over polished mild
steel, copper (basis or undercoat) andjor nickel {under-
coat) with the advantages of :

(¢) Higher efficiency ;
(¢t} Better covering power and throwing power ;

(#¢2¢) Operatable at low enough current densities
and at temperatures around the ambient
temperatures : and

(#v) Capacity to withstand current interruptions as
compared to the conventional bath,

Aspect (1) results in lowering the time of deposition
for a given thickness, which means an increased pro-
duction from a given chrome vat. The advantage {¢)
means not only relatively uniform deposition of chro-
mium on to the job (which will be particularly evident
on complicated shapes) but also minimises or eliminates
the need for increased duration of plating to ensure the
minimum thickness of deposit on “significant areas.”

Merit (432) results in the elimination of heating and
control equipments and also enables the use of the chro-
mium bath even in times of restricted electric power

supply.
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The benefit (¢v) is specifically suited for barrel chrome
plating. The merits () and (37) result in decreased spray
from the chrome vat-—an advantage both from opera-
tors' view point and from the view point of loss of
chromic acid.

Further the electrolyte is quite suitable for chrome
deposition, if desired, directly on to aluminium and its
slloys and zinc base die castings.

We Claim :

1. A process, for the production of abright deposit
of chromium in the “as plated” condition, for decora-
tive applications which comprises in the wuse of tetra-
chromate based electrolyte with an addition agent with
better covering power and throwing power compared
to the conventional chromium bath and of the compo-
sition as under 3

Chromie acid 2:6to4'5 gm. mole/l,
Hydroxzidesendforcar- ., .

bontes ofalkali metals | 0:5t01-6 gm. mole/l.
Trivalent chrominum 003 to 0-20 gm. mole/l.
Suiphate 0-001 to 0'05 gm. mole/1.
Addition agent (ﬂuorine} ) .

based inorganic compound’ 0-001 to 0300 gm. mole/1.

wherein the addition agent is primarily meant for
imparting brightness to the deposited chromium and it
should be present in optimum proportion, with respect
to sulphate content, which in turn bears an appropriate
telationship with chromic acid concentration in the
electrolyte, and the said electrolyte in the appropriate
proportions in the said ranges, shall be operated at
temperature of 18° to 38°C and at current density of
2 to 66 amp/dm?,

2. A process, for the production of a bright deposit
of chromium in the ‘as plated’ condition for decorative
applications, wherein the basis metals or undercoat
to be plated are :

{a) polished nickel (basis or undercoat) ; (b) polished
copper (basis or undercoat); (¢) polished copper (basia
or undercoat) and/or nickel (undercoat) ; and (d) polished
mild steel.

Dated this 19th day of June, 1968.

8d/-
R. BHASKAR PAI
Patents Officer,

Council of Scientific & Industrial Research



