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Our invention relates to both a process in which chro-
mium can be electrolessly deposited on a suitable metallic
substrate and to an electroless plating solutlon used in
said process,

The term “electroless deposmon of chromium” as
known in the art describes a process wherein. a2 metallic
substrate is inserted in a bath containing in agueous solu-
tion a chromium salt (such as a chloride or sulphate),
a hypophosphate salt (such as sodium hypophosphite),
and a suitable buffering (pH controllmg) agent (such
as sodium acetate). In the ensuing reaction, the chromi-
um is deposited as a pure metal on the surface of the
substrate. While the mechanism of this process. is. niot
fully understood, it is believed that the hypophosphlte; n
continuously reduces the dissolved metal salt. 10 the ‘
tallic state on the surface of the substrate by
a catalytic action involving the surface...

It has been found that this reactlon, which’ proceeds i

in the absence of an externally apphed electric field, can
take place when the pH of the bath is maintained; within
the acidic range (as for example a pH of 4-6) or alter-
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natively within the basic range (as for example a PH of .

8-10).

This process is defined as electroless plating or dep051-
tion to differentiate it from the conventional electroplat-
ing or electrolytlc deposition technique.

The prior art has knowledge of chromium electroless
plating solutions which contain, in aqueous media, 80-
dium hypophosphite, sodium citrate, and -a mixture of
chromium halides. A chromium electroless deposition
produced through the use of this bath proceeds at a depo-
sition rate of about 0.14 mil per hour. Such a rate is
too slow and costly for many ctherwise desirable com-
mercial applications of this process.

We have invented a new chromium electroless plating
solution which, when employed in an electroless platmg
operation, overcomes this difficulty by sharply increasing
the chromium deposmon rate.

Accordmgly it is an object of the present invention
to increase the chromium deposition rate in a chrormum
electroless plating operatlon

Another object is to provide a new and unproved
chromium electroless plating bath of the character indi-
cated.

Still another object is to provide a new and improved
chromium electroless plating bath which incorporates as
an essential element a chromium deposition rate con-
trolling agent.

Yet another object is to provide an electroless plating
method adapted to deposit chromium at a rate on the
order of 2 times higher than that afforded by the afore-
mentioned prior art. v

These and other objects of our invention will either
be explained: or will become apparent hereinafter.

In our invention there is provided a chromium elec-
troless plating solution containing in aqueous media a
hypophosphate salt; at least one soluble chromic salt; a
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2f
buffering agent; and a deposition rate controlling agent
soluble in the plating solution.

‘When the pH of this bath is maintained within an acidic
or a basic range, and an electroless plating operation is
initiated, chromium deposits out of the solution at a
rate on the order of 0.3 mil per hour—an increase of
about 100 percent as compared to the known art.

We have used the term chromium deposition rate con-
trolling agent to describe the material whose action in
solution results in this. extremely rapid. rate of dep051—
tion. This agent reduces. the dissolved chromic ions to
the chromous state and also. forms a readily reducible
complex with the- chromous ions; this complex is then
rapidly reduced to metallic chromium on the surface of
the recelvmg surface thl:ough action of the hypophos-
phite ion. Thus, any organic or inorganic compound
which acts as-a combined chromium reducing and chro-
mium complexing agent can. be used, providing that this
compound is. soluble: in. the p_lating,. solution and that
the resultant complex can be readily reduced to chromium
in the manner indicated. Typical compounds of  this
type. include, for. example, oxalxc acid and its alkali
salts. . .

All metal, subst:ates whxch can be electmplated with
chromium can, be plated in the manner set, forth in this
apphcatlon. this, connectmn it; will be understood

metal, such’as nicke ,.non,,and the hke, bei‘ore a subse-
quent electroless’ deposition ‘can_ensue..

-Our jnvention will now. be explained wnh reference to
the detailed examples which, foIlow~ ,

Example Il B

A steel substraﬁc was umnezsed» in. an aqueous chromi-
um- electroless platmg; solution: havmg the foﬂowmg com-
posmon .

- G./1.
CI'3.9H20 g 16
CrCl.6HO 1
Sodium ‘acetate- . .. 10
Sodium hypophosphite - 10
Potassium- binoxalate ____________.______________ 4.5

The bath was maintained at a temperature within the
range 75°-90° C. and at a pH falling within the range
4-6. It was found that a dense, adherent, non-porous
chromium layer was formed. on the substrate surface and
that the deposition rate was approximately 0.3 mil per
hour.

A brass disc wasg flash coated, (that is, a “strike” coat-
ing) with nickel and then immersed in the same solution.
The same operating conditions were established and the
results were substantially identical.

Example 11
A brass disc was flash. coated with nickel and then

immersed in an aqueous chromium electroless plating
solution -having the following composmon

G./L
CrBr3 9H,0 ... ) ) 16
CrIg.'9H30 e :', : = - 1
"Sodium citrate _____________:“ 10
Sodium' hypophosphite 10
Sodium binoxalate 2.0

: Th@ batB. wa# mamtamed at.a, témgénétnmé within. the
range 75°-90° C. and at a pH falling within the range
8-10. The resulis were substantially identical with Ex-

ample L.
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A steel substrate was immersed in the same solutxon

The same operating conditions were established and the -

results were substantially the same.

While we have shown and pointed out our invention
as applied above, it will be apparent to those skilled in
the art that many modifications can be made within the
scope and sphere of our mventlon as deﬁned in the
claims ‘which follow.

- What is claimed is: o

1. An electroless chromlum plating solutlon cornposed
of the following in aqueous solution:” ‘a hypophosplnte
salt having a concentration of about 10 grams per liter;
a buffering agent; at léast one chrontic salt havmg a con-
centration of about 17 grams per’ liter; and a chrommm
deposition rate controlling agent soluble 'in “the” solutlon
and characterized by the ability to" reduce "chromic ions
to chromous jons and to form 2a readily reducible ' com-
plex with said chromous jons, said agent being selected
from the group consisting of oxalic acid .and ‘its alkali

[N

salts, said agent having a concentrahon fallmg w1thln E

the approximate range 4.5-9.0 grams per hter. )

2. ‘An electroless chromxum ‘plating” solutlon composed
of the following in aqueous solation:’ a hypophosphlte
salt having a concentration ‘of ‘about 0 grams ‘per liter;
a buffering ‘agent; at least one chron.uc salt havmg a con-
centration of about 17 grams per liter; ‘and a“chromium
deposmon rate controlhng agent soluble in the solu&on

. electroless cata.lytlc"
the group conslstm

3. A method for chromium platmg an ac
strate ‘which comprises the step of immersing
strate in an electroless “chromium plating ‘solution com-
posed in aqueous solution..of a hypophosphite salt
having a concentration of about 10 grams per liter; a
buffering agent; at least one chromic salt having:a con-
centration of about 17-grams per liter; and -a/chromium
deposition raté controlling agent soluble in the 'solution
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~ active metal substrate is composed of a passive metal ‘base
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and characterized by the ability to reduce chromic ions

to chromous ions and to form a readily reducible com-
plex with said chromous ion, said agent being"selected
from the group consisting of oxalic acid and its alkali
salts, said agent having a concentration falling -within
the approxxmate range 4.5-9.0 grams per liter, whereby
said substrate is chrome plated through electroless plat-
ing action.

4. A method for producmg a chromium electroless
plating bath which comprises the steps of “dissolving a
chromium deposition rate controlling agent into an aque-
ous solution containing a hypophosphite salt having a
concentration of about 10 grams per liter, a buffering
agent, and at least one chromic salt having a concentra-
tion of about 17 grams per liter, said raté controlling
agent being selected from ‘the group consisting of oxalic
acid and its alkali salts, said agent having a concentration
falling within the approximate range 4.5-9.0 grams per
hter, reacting said rate controllmg agent with said chro-
mic ions to reduce said chromic ions to chromous ions
and to form a complex with said chromous ions, said
complex being easily reducible to metallic chromium in
the presence of the hypophosphite ion on a suitably pre-
pared substrate surface.

5. An electroless chromium plating solutlon composed
of the following in aqueous solution: a hypophosphxte
salt having a concentration of about -10.grams per liter;

a buffering agent having an acidic pH value; at least one

chromic salt having a concentration of about 17 grams

per liter; and-a deposition rate controlling agent soluble
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in the solution and charactenzed by the abmty to reduce
chromic ions to chromous ions and to form a complex
readily reducible to metallic chromium under electroless
catalytic action, said agent being selected from the class
consisting of oxalic acid and its alkali salts, said agent
having a concentration falling within the approximate
range 4.5-9.0 grams per liter and salts of these acids.

6. An electroless chromium plating solution composed
of the following in aqueous solution: a hypophosphite salt
having a concentration of about 10 grams per liter; a
buffering agent having a basic pH value; at least one
chromic salt having a concentration of about 17 grams
per liter; and a chromium deposition rate controlling
agent soluble in the solution and characterized by the
ability to reduce chromic ions to chromous ions and to
form a complex with said chromous ion readily reducible
to metallic chromium under electroless catalytic action,
said agent being selected from the class consisting of
oxalic acid and its alkali salts, said agent having a con-
centration falling within the approximate range 4. 5—9 0
grams per liter.

7. A method for chromium platmg an active metal sub-
strate which comprises the step of immersing said sub-
strate in an electroless chromium plating solution com-
posed in aqueous solution of a hypophosphite salt having
a concentration of about 10 grams per liter; a2 buffering
agent; at least one chromic salt having a concentration
of about.17 grams per liter; and a chromium deposmon

* rate ‘controlling agent soluble in the solutlon, said agent

reducmg the chromic ions to chromous ions and form-
ing a readily reducible complex with said chromous i 1ous,
said" complex at the surface of said substrate being"ré-

... duced to’ metallic chromium by the hypophosphlte ion,
_ said agent being selected from the group conststmg of

oxalic acid and its alkali salts, said agent havmg a con-
centration falling w1thm the approximate range 4 5—9 0
grams per liter.

8. The method as set forth in claxm 7, wherem sald

and an outer coating of an active metal bonded to
base.

9. A method for chromium plating an active metal
substrate which comprises the steps of dissolving a’ chro-
mium deposxtlon rate controlling agent into an aqueous
solution containing a buffering agent, a hypophosphlte
salt having a concentration of about 10 grams per liter
and at least one chromic salt having a concentration of
about 17 grams per liter, said controllmg ‘agent reducing
the chromic ions to chromous ions and formmg a readily
reducible complex with said chromous ions, said agent
being selected from the group consisting of oxalic acid
and its alkali salts, said agent having a concentration
falling within the approximate range 4.5-9.0 grams per
liter; and inserting said substrate into said_complex con-
taining solution, the hypophosphite ion reducing said
complex to metallic chromium at the surface of said
substrate.

10. The method as set forth in claim 9, wherein the
solution is maintained at a pH within the range 4-6,
and the temperature of the solution is maintained within
the range 75°-90° C.

11. The method as set forth in claim 9, wherein the
solution is maintained at a pH within the range 8-10, and
the temperature of the solution is maintained wnthm the
range 75°-90° C
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