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ABSTRACT OF THE DISCLOSURE

. +Aluminum metals having nickel coatings plated directly
thereon may . be prepared by electroless deposition of
mckel from an aqueous platlng solution containing nickel
ions, dimethylaminoborane, a carboxylic acid complexmg
agent and a stress reducer. Nickel plated magnesium
metals and beryllium metals may be similarly prepared.
The metal surface is-rendered susceptible to plating by
initially. contacting it with a novel activating solution con-
taining ammonium bifluoride and either dimethylamino-
borane or nitric acid, and then rinsing if nitric acid is used.
Where . dimethylaminoborane - is 'used in the activating
solution, the metal surface is thereafter stabilized with
an aqueous stabilizing solution of dimethylaminoborane.
Electroless plating is-then carried out, producing a stress
free hermetically sealed nickel coating of substantially uni-
form.thickness directly on the aluminum metal, magne-
sium metal, or beryllium metal surface. Once such a coat-
ing is-established, further plating with copper, nickel or
other metals may be effected by electrolytic or electroless
means. The nickel coated surface is preserved in a proper
state for any such .additional plating by holding it in an
aqueous preservative- solution. of--dimethylaminoborane.

" This -application is a division of the earlier filed co-
pending application Ser.'No. 8,014 filed Feb. 2, 1970 now
US Pat. No. 3,667,991 issued June 6, 1972.

- This invention 11es in the field of electroless nickel plat-
lng and more particularly relates to aluminum metals,
magnesmm “metals, and beryllium metals having nickel
coatings electrolessly plated directly thereon after activa-
tion of the metal surfaces with a novel aqueous activation
bath and to processes for plating such metals.

“ ' Plating of mickel directly onto the surface of aluminum
metals would provide numerous beneficial results. Corro-
sion protection of the metal surface can, of course, be
pfrbvided by such a coating. A ‘nickel coating also serves
as an excellent substrate for receiving a coating of another
metal which may be depos1ted by either electroless or
electrolytlc means,. "

“““Prior to the present mven’uon, however, no method had
beeti known by which nickel could be plated directly onto
alummum metals. Direct electrolytic methods are ineffec-
tive since hydrogen ions are reduced preferentially to
nickel ions at an aluminum metal cathode, thus liberating
hydrogen rather than depositing nickel. Compositions for
electioless plating of nickel have been known for some
time, but have not heretofore been useful for platmg alu-
minum metal. Methods-were known to the prior art by
which nickel was indirectly plated on aluminum by first
laying down an intermediate metal layer upon which the
nickel is deposited. The principal process employed here-
tofore is a'complex one involving chemical deposition of
zinc, followed by a so-called copper strike. The aluminum
metal surface miust fitst be oxidized, e.g. with nitric acid.

The ‘surface is then contacted with an alkaline zincate
solution to chemically deposit the zinc layer. Next, the
zinc layer is electrolyticdlly ‘coated with a thin layer of
copper from -a solution such as copper cyanide. Nickel
may then be plated on the copper layer by electrolytic
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means. This process involves several steps and does not,
in any event, provide a nickel coating plated directly
onto the aluminum metal surface but rather a nickel coat-
ing separated from the aluminum surface by layers of two
other metals. It may be noted, moreover, that since the
nickel is ultimately deposited electrolytically, it is difficult
to properly plate surfaces of complicated shape by this
process. A uniform thickness of nickel plate is not achieved
when complicated shapes are electrolytically plated and
in order to insure a coating of adequate thickness at all
points on the surface, some points receive a coating which
is unnecessarily and in some cases undesirably thick.

By whatever process nickel may be deposited directly
or indirectly on aluminum metals, certain properties of
the nickel coating are important. It is desirable in most
cases that the nickel deposit be stress free. It is also desir-
able in most instances that the nickel deposit be hermeti-
cally sealed. If the nickel deposit is not so sealed, but
rather has pinholes therein, the plated article may be
defective. Moreover, if another metal is to be electrolyti-
cally plated onto the nickel deposit, not only would the
presence of such a pinhole prevent electrodeposition at
that point, but the pinhole might well be enlarged by
the tearing action of hydrogen gas formed during electro-
lysis at the exposed aluminum metal surface.

There has thus been an unfulfilled need in the art for
a practical means for plating a coating of nickel directly
onto aluminum, particularly means which produces a
plated metal of uniform thickness, provides a hermetic
seal, and a plated product essentially free of internal
stresses.

Among the -objects of the present invention, therefore,
may be noted the provision of an article of manufacture
having nickel plated directly onto an aluminum, magne-
sium or beryllium metal surface; the provision of a proc-
ess for the electroless plating of nickel directly onto such
metals; the provision of a process of the type indicated for
depositing nickel of substantially uniform thickness onto
the surfaces of such metals; the provision of a process for
depositing a hermetically sealed coating of nickel on the
above-noted metals; the provision of a process for deposit-
ing a substantially stress free coating of nickel onto such
metals; the provision of a process for depositing a nickel
coating of substantially uniform thickness on aluminum
metal surfaces of complicated or irregular configuration;
and the provision of compositions useful for activating the
surfaces of the aforementioned metals, rendering them
receptive to electroless plating of nickel. Other objects
and features will be in part apparent and in part pointed
out hereinafter.

The present invention is thus directed to a process for
plating nickel directly onto the surface of metals selected
from the group of aluminum metals, magnesium metals,
or beryllium metals. The surface of the metal is first
activated by contacting it with an aqueous activating solu-
tion containing ammonium bifluoride and dimethylamino-
borane. Alternately, the activating solution may contain
ammonium bifluoride and nitric acid. The metal surface
is then either rinsed, if nitric acid has been used in the
activation bath, or further contacted with an aqueous
stabilizing solution containing dimethylaminoborane if di-
methylaminoborane has been used in the activation bath,
The metal surface is thereafter contacted with an aqueous
plating solution containing nickel ions, dimethylamino-
borang, a carboxylic acid or amino carboxylic acid com-
pound-as‘a complexmg agent, and a stress reducer. A
deposit of nickel is thereby chem1ca11y deposited on the
surface of the metal. The invention is further directed
to'- the additional step wherein the nickel plated metal
surface is prepared for further plating operations by re-
movmg it- from contact with the plating solution and
immersing it in an aqueous preservative solution contain-
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ing dimethylaminoborane and holding it in contact there-
with until such time as such further plating operations
are to be conducted. The invention also includes com-
positions useful for activating the surface of a metal
object to render the metal surface subject to the chemical
deposition of nickel from a solution containing nickel
ions. The activating composition comprises an aqueous
solution of ammonium bifluoride and either nitric acid
or dimethylaminoborane. The invention further compre-
hends an article of commerce comprising a metal selected
from the group consisting of aluminum metals, mag-
nesium metals, or beryllium metals, having a coating of
nickel plated directly thereon.

In accordance with the present invention, it has been
found that a coating of nickel may be plated directly
onto the surface of aluminum, magnesium and beryllium
metals by electroless deposition from a solution contain-
ing nickel ions, dimethylaminoborane, a carboxylic acid
or amino carboxylic acid complexing agent and a stress
reducer. Nickel is deposited from the plating solution by
chemical reduction with the dimethylaminoborane serv-
ing as the reducing agent. The nickel coating thus formed
on the metal surface is of very high quality, being not
only of substantially uniform thickness, but also sub-
stantially stress free and hermetically sealed, Thus, an
object having such a nickel coating is well adapted for
further plating by either electroless or electrolytic means
from either alkaline or acid baths to produce various
commercially useful plated articles.

The terms aluminum metals, magnesium metals, and
beryllium metals as used herein, include not only essen-
tially pure aluminum, magnesium and beryllium but also
various alloys thercof known to the art.

Electroless deposition of nickel onto aluminum metals,
which had not been possible heretofore, is made feasible
through the present invention by activation of the metal
surface with the novel activating solutions of this inven-
tion. Two aqueous activating solutions may be used. The
preferred activating solution contains ammonium bifluo-
ride and dimethylaminoborane. Alternatively, a solution
containing ammonium bifluoride and nitric acid may be
used. Without being bound to any particular theory, we
attribute the activating effect of these solutions to the
apparent removal of the oxide film normally present on
aluminum metals. The activating bath containing di-
methylaminoborane is preferred because it not only co-
operates with the ammonium bifluoride in removing the
oxide film, but protects the pure metal surface from sub-
sequent oxidation to which it is so highly susceptible.
Since nitric acid is a powerful oxidizing agent it is sur-
prising to find it is also useful in an activation bath whose
presumed function is to remove oxides, Apparently the
nitric acid, functioning as an acid, cooperates with the
ammonium bifluoride in removal of the “thick” or “hard”
oxide film normally on the metal, but in the presence of
the ammonium bifluoride acts as an oxidizing agent to
reform only a “thin” oxide layer. The thin oxide layer
thus reformed is subject to reduction by the dimethyl-
aminoborane in the plating bath. The presence of the
reformed oxide film is evidenced by an induction pe-
riod between the time an activated metal surface is
contacted with the plating solution and the time electro-
less deposition of nickel begins. Its “thinness” is evi-
denced by the fact that plating does, after several min-
utes, begin. Ammonium bifluoride, though an effective
acid pickling agent in its own right, has not been found
to be effective by itself in activating an aluminum metal
surface for electroless nickel plating. Even the presence
of dimethylaminoborane in the plating bath will not
render active an aluminum metal surface pretreated with
ammonjum bifluoride only. But in cooperation with a
reducing agent, dimethylaminoborane, on the one hand,
or with an oxidizing agent, nitric acid, on the other, am-
monium bifluoride has been found effective in so prepar-
ing the aluminum metal surface for electroless plating.
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In the practice of the present invention, the aluminum
metal surface is initially vapor degreased by -any: con-
venient method. Vapor degreasing with such solvents as
methyl ethyl ketone, ethyl butyl ketone, trichloroethylene
or the various fluorochloromethanes or fluorochloro-
ethanes (sold under the trade designation “Freon” by
E. L. du Pont de Nemours & Co.) has been found effec-
tive. It will be understood that other solvents which pro-
vide a clean, grease-free surface may also be used.
It is also desirable to use an air hose to remove any
solid particles from the metal surface. After degreasing,
the metal surface is dried.

The cleaned, degreased and dried metal surface is then
contacted with one of the novel activating solution com-
positions of this invention, as by immersion therein. The
activating solution should possess the requisite properties
to render the metal surface subject to the electroless de-
posit of nickel thereon without appreciably attacking the
said metal surface. The aforementioned compositions of
this invention meet these criteria. Though a wide range
of concentrations of the components of these composi-
tions are effective in activating the aluminum metal sur-
face, we prefer to use an activating solution containing be-
tween about 20 and 100 grams per liter of ammonium
bifluoride and, when dimethylaminoborane is unsed, be-
tween about 2 and about 10 grams per liter of dlmethyl-
aminoborane, The pH of the activating solution is pref-
erably maintained on the acid side but above about 3.9.
Below this pH, the aluminum metal surface is attacked
and the dimethylaminoborane tends to decompose instan-
taneously. This lower pH limit defines the maximum con-
centration of nitric acid when that compound is used. The
metal surface is contacted with the activating solution for
a period of about 15 seconds to 2 minutes. The tempera-
ture of the activating solution is conveniently room tem-
perature, i.e. between about 20° C. and 30° C. The tem-
perature of the activating solution should not exceed ap-
proximately 40° C. if dimethylaminoborane is used, since
above that temperature, this compound tends to decom-
pose.

After activation, if dimethylaminoborane is used in the
activating solution, the aluminum metal is contacted with
an aqueous stabilizing solution containing dimethylamino-
borane. The purpose of contactmg the metal surface with
the stabilizing solution is to insure that the surface is
coated with a thin layer of dimethylaminoborane to pro-
tect it from oxidation before it is contacted with the plat-
ing solution. A very wide range of dimethylaminoborane
concentrations is effective in the stabilizing solution. We
prefer to use a dimethylaminoborane concentration of
about 2% to 5% by weight, but concentrations of less
than 1% or more than 10% would also serve to provide
effective protection of the metal surface from oxidation.
The temperature of contact of the metal surface with the
stabilizing solution is conveniently room temperature, i.e.
about 20° C. to 30° C. Again, temperatures in excess of
40° C. should be avoided because they may cause de-
composition of the dimethylaminoborane. Typically, a
contact time of about 3 to 5 minutes is adequate.

If the metal surface has been activated by the use of
a solution containing ammonium bifluoride and nitric
acid instead of a solution containing ammonium bifluo-
ride and dimethylaminoborane, the stabilizing solution is
not used. Rather, the activated aluminum metal surface
is prepared for electroless plating by simply rinsing with
water at room temperature

Following a water rinse or treatment with the stab111zmg
solution, as the case may be, the metal surface is con-
tacted with the aqueous plating solution. When the solu-
tion is in contact with an aluminum metal surface, the
nickel ions contained therein react with the dimethyl-
aminoborane thereby depositing a nickel coatmg on the
aluminum metal substrate.

30H-+4Nit++4-(CHj3) NH,B—>Ni°
~+(CH3)s2NH+H,+H,BO;~
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The platmg solutxon “bath’adapted for use in the process
of this mventmn is adapted to provide proper deposition
of nickel w1thout attackmg, etchmg, or corroding the sur-
face'of the alumlI m mietal; Thie plating solution bath we
prefer | to.use containg between about 8 and about 12 grams
per liter of “nickel ‘fons and between about 2 and about
3.5 grams per 11ter of dlmethylammoborane As the source
of nicKel ions,” any soluble ‘nickel salt such as nickel
sulfateand mckel acetate may ‘be employed, The plating
solutlon also conthins a stress reducer and a complexing
atmg ‘agent.’ “The, stréss reducer typically may be
ound “such ™ as_2'mercapto benzothiazole, 2,3-di-
mercapto propanol or other divalent sulfur compounds
known to the art. The concentration of the stress reducer
may be "wndel 'yaried, preferably ranging between about
0.05° and“about '0.5. parts per million. The complexmg or
chelatmg agent’ may be’a carboxyhc acid or amino car-
b ic” ‘compound such as citric acid, glutamic acid
or’ the water' solublé salts’ thereof, including alkali metal
salts of glutamlc -acid (&:g.; monosodlum glutamate) and
alkalme ‘earth 'metal salts of glutamic acid. The complex-
ifig dgeit should be' present to the extent of about 10 to
50 grams per liter. of solution. Plating solutions of this
type are commercxally available, one particularly useful
bath’ ‘being SO under the trade deSIgnatxon, “727XP” by
Serv1ce Chemics

vAs depos1tlon

0.
mckel on the dluminum metal surface

proceeds an alkahne materlal such as ammoma, preferably
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be neces Ty 6 repIemsh the platmg solution durmg plat-
ing by adding a solution of a soluble nickel salt, such as
nickel sulfate, and dimethylaminoborane to the solution.
The temperature of the bath during the plating operation
is preferably maintained in the range of about 50° C. to
70°.C: [The _time required.to deposit a satisfactory nickel
platihg'varjes, between, about:20: and about 60 minutes,
dépending npon_ the temperaturé:at -which plating opera-
tions are conducted.

After the altifiintim metal has been contacted with the
plating solution under . the above-noted conditions for a
sufficient period of time, a stress free, hermetically. sealed
nickel deposit of uniform thickness is formed on the alu-
minum metal surface. An article of manufacture consist-
ing of aluminum, magnesium or beryllium metal having a
nickel coating plated directly on the surface thereof is
thereby produced. Such an article of manufacture is com-
mercially useful for many purposes. As noted, such an
article is particularly useful as an intermediate product
from which articles having an additional thickness of
nickel or having a laminate of nickel and other metals
may be produced by further conventional electrolytic or
electroless processes. Thus, for example, the nickel plated
articles of the invention may be additionally plated with
copper from a copper sulfate bath, with cadmium from a
cadmium cyanide bath, with tin from a tin sulfate bath,
etc.

To preserve the nickel plated metal surface for addi-
tional plating operations, it may be held in contact with
an aqueous preservative solution containing dimethyl-
aminoborane. A wide range of dimethylaminoborane con-
centrations may be used for this purpose. We prefer to
use a concentration of between about 2% and 5%, but
this is not critical. The temperature of the preservative
solution is conveniently room temperature, i.e., about 20°
C. to 30° C. The temperature of this solution should not
exceed 40° C., however, since above that temperature
decomposition of diethylaminoborane commences.

The practice of the invention may be further illustrated
by means of the following examples:
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EXAMPLE 1

Several mandrels fabricated from 2S aluminum and
weighing about 1.58 grams each were vapor degreased.
Solid particles on the surface of the mandrels were re-
moved with an air hose and the surfaces were dried.

After drying, the degreased aluminum mandrels were
immersed in an aqueous activating solution bath contain-
ing 20 grams per liter ammonium bifluoride and 5 grams
per liter dimethylaminoborane for 60 seconds at room
temperature. The weight loss from the aluminum man-
drels averaged 0.35 milligram after 30 seconds, and 0.65
milligram after 60 seconds.

Upon removal from the activating bath, the aluminum
mandrels were soaked at room temperature in an aque-
ous stabilizing solution containing 2% dimethylamino-
borane for several minutes.

The mandrels were then removed from the stabilizing
solution and immersed in an aqueous plating solution. The
plating solution used was that sold under the trade desig-
nation “727XP” by Service Chemical Co. This plating
solution contained about 10 grams per liter of nickel ions,
about 3 grams per liter of dimethylaminoborane, about
one-tenth part per million of a stress reducer, and a car-
boxylic acid compound of the aforementioned type as a
complexing agent. The aluminum mandrels were each held
in the plating solution for about 60 minutes at 60° C.
with occasional stirring. The pH of the plating solution
was maintained between about 8.5 and 9.5 by intermittent
addition of ammonium hydroxide. As the nickel ion con-
tent of the plating solution fell to about 8 grams per liter,
it was raised back to about 12 grams per liter by addi-
tion of nickel sulfate. Similarly, dimethylaminoborane
was added to the solution whenever its concentration in
the solution fell to about 2 grams per liter. Sufficient di-
methylaminborane was added on each addition to bring
its concentration in the plating solution up to about 3.5
grams per liter.

Upon removal from the plating solution, each mandrel

.- was found to have a uniform, adherent coating of nickel.

The nickel coated mandrels were soaked in a 20% sodium
hydroxide solution for 16 hours to test the integrity of
the hermetical seal of the nickel coatings. No hydrogen

.. was evolved at any time during the 16-hour period, indi-
" cating a hermetically sealed coating of nickel covered the
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surface of each mandrel.

As soon as each mandrel was removed from the plating
solution, it was placed back in the stabilizing solution
(functioning in this respect as a preservative solution)
and held there in readiness for copper plating.

The nickel coated aluminum mandrels were then elec-
trolytically plated with copper from an acid copper sul-
fate bath. No hydrogen evolution was observed from the
nickel plated aluminum surface during electrolysis.

EXAMPLE 2

Example 1 was repeated using aluminum alloy 6061
mandrels. Again, an adherent, uniform, hermetically
sealed nickel coating was laid down on each mandrel. No
hydrogen was evolved either during soaking with 20%
sodium hydroxide or during copper plating of the nickel
plated aluminum.

EXAMPLE 3

Example 1 was repeated except that the activation solu-
tion contained 100 grams per liter of ammonium bifluo-
ride and 10 grams per liter of dimethylaminoborane. Im-
mersion time in the activation solution was 15 seconds.
An adherent, uniform, hermetically sealed nickel coating
was again laid down on each mandrel, No hydrogen was
evolved either during soaking with 20% sodium hydroxide
or during copper plating of the nickel plated aluminum
metal.

EXAMPLE 4

Example 1 was repeated except that the activating
solution contained 10 grams per liter of ammonium bi-
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fluoride and 2 grams per liter of dimethylaminoborane,
Immersion time in the activating solution was 2 minutes.
An adherent, uniform, hermetically sealed nickel coating
was laid down on each mandrel. No hydrogen was
evolved either during soaking with 20% sodium hy-
droxide or during copper plating of the nickel plated
aluminum mandrel,
EXAMPLE 5

Example 1 was repeated except that the stabilizing
solution contained 5% of dimethylaminoborane, The
same results were achieved with respect to uniformity,
adherency, hermetical sealing, and passivity to sodium
hydroxide solution and to any form of attack during

copper plating,
EXAMPLE 6

Example 1 was repeated except that aluminum alloy
2024 mandrels were used. The same results were achieved
with respect to uniformity, adherency, hermetical sealing,
and passivity to sodium hydroxide and to any form of at-
tack during copper plating.

EXAMPLE 7

Example 3 was repeated except that aluminum alloy
5052 mandrels were used. The same results were achieved
with respect to uniformity, adherency, hermetical sealing,
and passivity to sodium hydroxide and to any form of at-
tack during copper plating.

EXAMPLE 8

Example 1 was repeated except that a magnesium
mandrel was used. The same results were achieved with
respect to uniformity, adherency, hermetical sealing, and
passivity to sodium hydroxide and to any form of attack
during copper plating.

In view of the above, it will be seen that the several
objects of the invention are achieved and other advanta-
geous results attained.

As various changes could be made in the above
methods and products without departing from the scope
of the invention, it is intended that all matter contained in
the above description shall be interpreted as illustrative
and not in a limiting sense.

What is claimed is:

1. A composition useful for activating the surface of
a metal selected from the group consisting of aluminum
metals, magnesium metals, and beryllium metals to render
the metal surface subject to the chemical deposition there-
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on of nickel from a solution containing nickel ions, the
said composition comprising an aqueous solution of am-
monium bifluoride and dxmethylarmnoborane

2. The composition useful for activating the surface
of a metal selected from the group consisting  of
aluminum metals, magnesium metals, -and beryllium
metals to render the metal surface subject to the chemical
deposition thereon of nickel from a solution containing
nickel ions, the said composition comprising an aqueous
solution of ammonium bifluoride and dimethylamino-
borane wherein a liter of the said composition contains
between about 20 and about 100 grams of ammonium
bifluoride and between about .2 and about 10 grams of
dimethylaminoborane.

3. A water soluble concentrate useful for preparmg
an aqueous solution with which the surface of a metal
selected from the group consisting of aluminum metals,
magnesium metals, and beryllium metals may be con-
tacted to activate the metal surface, thus rendering the
surface subject to the chemical deposition thereon of
nickel from a solution containing nickel 1ons, said con-
centrate comprising a mixture of ammonium blﬂuorlde
and dimethylaminoborane.

4. A water soluble concentrate useful for preparing
an aqueous solution with which the surface of a metal
selected from the group consisting of aluminum metals,
magnesium metals, and beryllium metals may be con-
tacted to activate the metal surface, thus rendering the
surface subject to the chemical deposition therein of
nickel from a solution containing nickel 1ons, said con-
centrate comprising a mixture of ammonium bifluoride
and dlmethylammoborane wherein ammonium bifluoride
is present in an amount sufficient to constitute between
about 67 and about 98% by weight of the said composi-
tion, the balance dimethylaminoborane,
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