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The present invention relates to nickel coatings which
possess unique chemical and physical properties and to
the processes and baths for producing said nickel coat-
ings. More particularly, it relates to thin nickel coatings
which possess certain preferred chemical and magnetic
propertiss and to an autocatalytic chemical reduction proc-
ess for producing thin nickel coatings which process in-
corporates solutions of special composition.

Heretofore, it has been the practice to produce nickel
coatings by autocatalytic deposition by means of immers-
ing catalytic surfaces in plating baths containing nickel
cations and hypophosphite ions. Although the coatings

produced have been highly satisfactory for their intended .

use, they have invariably contained impurities in such
quantities that requisite physical and chemical properties
for certain applications are seriousiy affected. In par-
ticular, the coatings produced by the prior art contain
phosphorus in sufficient quantity to substantially diminish
the purity level of the nickel coating and thereby prohibit
or restrict the use of these coatings in applicaiions where
a high level of nickel purity is essential and especially in
applications where the presence of phosphorus cannot be
tolerated.

The general purpose of this invention is, therefore, to
provide by an autocatalytic plating technigue a nickel
coating that is substantially free of impurities and ex-
hibits, as a consequence, properties hitherto uncbtainable
in nickel in thin film condition. To accomplish this re-
sult, the present invention contemnplates unique plating
bath compositions whereby substantialiy impurity-free
coatings of nickel are realized.

It is, therefore, one object of the present invention to
provide thin nickel coatings of relatively high purity.

it is another object of the invention to provide a nickel
coating which is substantially devoid of the impurity
phospiiorus.

A still further object of the invention is to. provide
nickel coatings which possess unusual magnetic proper-
ties.

Another object of the invention is the provision of thin
nickel coatings of high saturation magnetization.

It is another object of the invention to provide thin
nickel coatings which exhibit a hysteresis loop with a high
squareness ratio, B,/B.

Still ancther ob,ect is to p‘owde a mcl el coating of
low coercivity.

Yet ancther object of the invention is the provision of
coatings of uniform thickness whereby homogeneous mag-
netic characteristics result.

A still further object is the provision of nickel coatings
having a range of radiation abscrption and emission char-
acteristics which may be selectiveiy varied.

An additional object is the provision of a nickel coating
having, as one of its properties, high spﬁculanty

Another object of the invention is to provide a nickel
film having high adhesion characteristics whereby excel-
lent film adherence to the substrate is effected.

A forther object of the invention is the provision of
thin nickel coatings obtainable by autocatalytic deposi-
tion.

A still further object of the inventicn is to provide new
and improved chemical nickel plating solutions which are
re;atlvely stable and which do not decompose spontane-
cusly during the plating reaction.

A still further object of the invention is to provide
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nickel plating solutions and processes which do not re-
quire elaborate elecirical equipment for use in conjunc-
tion therewith.

It is another object of the invention to provide nickel
coatings which have decorative appeal, improved corro-
sion resistance, and properties making them exceptionally
useful as chemical reaction catalysts.

In the practice of the present invention, it has been
found that a reaction takes place between nickel ions and
hydrazine such that metallic nickel is deposited. 1t is be-
lieved that the overall chemical reaction can be described
by the following equation:

NI+ +4-NoH— 2Ni-- Ny} 4H+ (1)

When a vessel is provided with nickel ions and hydrazine
in agueous solution in the proportions and under the con-
ditions specified hereinafter and, subsequently, an article
of catalytic material such as copper is immersed into the
solution, caction (1) above is catalyzed and metailic
nickel is deposited on the surface of the article. This re-
duction of nickel cations to metallic nickel occurs with~
out the use of an external power source since the plating
bath iiself contains a reductant, hydrazine, which pro-
vides the necessary electrons to reduce the nickel cations.
The newly plated nickel surface, which is itself catalytic,
serves as a catalyst for further nickel plating. There-
fore, the process is properly refeired to as autocatalytic
due to its self-sustaining nature whereby reaction contin-
ues and nickel metal is deposited on the article until it is
withdrawn from solution. Film thickness, consesquently,-
is a linear function of immersion time provided the nickel
ions and hydrazine are maintained at a substantially con-
stant concentration in the solution.

BATH COMPOSITION AND OPERATING
COMDITIONS

In the plating process as described in this invention, it
is, of course, necessary that the constituents listed as re-
actants in Bquation 1 be present in solution and that they
be present in the proper proportions. Additional environ-
mental factors such as pH and temperature must also be
carefully controlled; the preferred practice of the inven-
tion incorporates bath compositicns and operating condi-
tions as specified in Table I below.

Table 1

Ni++, g. ions/liter 10-10 to 16-2,

Hydrazine, moles/liter 0.05-3 (preferred).
Temperature, °C. _______ 70-100 (preferred 90-95).
pH 6.5 min. (preferred 7-11).

The nickel ion referenced in Table 1 is the free aquo
ion, presumably Ni(H,0)et+, and it may be derived
from the ionization of any nickel salt of adequate solu-
bility, e.g., nickel chloride, nicke! nitrate, nickel sulfate,
nickel acetate, nickel sulfamate. Since the Nit+ con-
centration would be rapidly depleted during plating under
practical commercial conditions, some means of con-
veniently adding Ni++ at the same rate that they are
removed by the plating reaction is desired. One method
is to add at an appropriate rate to the solution an excess
of a nickel salt whose solubility matches the desired Ni++
concentration. A second. and preferred method is to
add a complexing agent to the solution and complex
all Nit+ greater than the quantity desired. It is well
known in coordination chemistry that metal complexers
dissociate in aquecus solution to form and maintain a
relatively constani concentration of free metal ion, the
concentration of free metal ion depending on the amount
and nature of the complexer used. The complexing
agents which are suitable for this process are vast in
number and character. The donor atom may be oxygen,
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nitrogen, or other specie in a ligand (complexer) of
mono- or poly-dentate structure. Carbozxylates, hydroxy-
carboxylates, and amines are particularly satisfactory.
The various types and the method in which they are em-
ployed will become evident in subseguent examples and
descriptions of the process. 'The amount of soluble nickel
in the complexed form which is present in the solution
is arbitrary and may vary from nil to large amounis
limited only by the solubility of the most soluble nickel
salt, It is clear, th‘,refore, that the preferred ranges for
the total guantities of nickel salt in solution may vary
considerably as long as a suitable compLXi'lf7 agent is
available to tie up the dissociated nickel salt as a com-
plex ion so that only 1010 to 102 g. ions/liter of free
nickel cations are present in the bath.

Consequently, the concentration of hydrazine used may
be varied over wide limits. The plating rate is found
to increase with hydrazine concentration up to a satura-
tion value (about 1 molar with one set of conditions)
beyond which the rate remains constant irrespective of
hydrazine concentration as high as 5 molar. The hydra-
zine functions as a chemical reductant in the process such
that other inorganic and organic fuactionally substituted
hydrazme compounds and their derivatives may be used
in place of the parent compound so long as they have
adeguate solubility. For example, hydrazine sulfate,
hydrazine hydrochloride, methyl hydrazine and hydroxy-
ethyl hydrazine are all suitable reductants for the purpose
of this invention.

The plating rate increases with temperature so that
operaiing. temperatures of 90°-95° C. are generally
preferred. I-Towwer, higher temperatures can be at-
tained by employing closed pressure vessels in the event
significantly greater rate of plating is desired.

it is also observed that the plating rate increases with
pH and with the nickel ion activny (concentration).
The catalytic reaction (1) proceeds in solutions that are
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decomposition of the soluticn occurs. For this reason,
the following procedure is suggested for making up plating
solutions in accordance with the instant invention: First

dissolve the nickel-containing salt in a guantity of water
to form a first solution.  Next dissolve the complexing
agent, such as a tartrate, in a quantity of water to form
a second solution. Add the first and second solutions
together and to the resulting mixture add the hydrazine
solution. Finally, add the hydroxide sclution and quan-
tity of water required to bring the total up to the neces-
sary composition. Heat the bath to the desired tempera-
ture and it is ready for use.

The method of this invention and the desirable prop-
erties of the nickel coating will become apparent in the
detailed examples which follow.

EXAMPLE 1

A plating soluticn was prepared and mixed in the
proper order to comprise 0.05 mole per liter (m.p.l.) of
nickel chloride,-0.15 m.p.l. hydrazine, and €.01 m.p.L
ammonium carbonate, This solution was heated to a
temperature of 90° C. and maintained at a pH of 6.8.
A glass microscope slide was used as a substrate and was
ensitized with palladium by the common and well known
technique of cleaning by immersion in hot chromic acid
sclution, rinsing with water, immersing in stannous chlo-
ride solution, again rinsing with water, immersing in pal-
ladium chloride solution, and finally water rinsing so as
to coat the non-conductive glass with an invisible film
of palladium and thus impart to the surface the char-
acteristics of a catalytic metal. 'The slide thusly prepared
was then immersed into the plating solution for 5 min-
utes, water rinsed, and dried. The slide was found to
be coated with a bright film of nickel about 700 A.
thick.

In similar fashion, nickel films were deposited on other
glass slides using the plating solutions listed in Table Ii

either substantially neutral or alkaline. Suitable sources below.
Table 11
Bath Composition, moles/liter Operating
Conditions | Plating Plating
Rate, mg. | Appearance
Nifem. 7
NiCl; Complescr Hydrazine | pH. | ° C.
0.02.____ 0.1 mandcllate 1.0 | 10 95 0.90 | Dark.
0.02 .06 glyeine ... 1.0 10 @5 0.87 Do.
0.02 .08 ethylene diamine_____ 1.0 [10 95 0.28 Do.
0.02 .10 maleate 1.0 |10 o5 0.09 Do.
0.02 .03 1ethvloneuetmamme L0 10 95 0.06 | Bright.
0.02_. .06 cyanide. 1.0 {10 85 0.02 Do.
0.03 .03 tartrate. 1.0 |10 95 0.30 | Lt. brown.
0.2 .2 tartrate...-. 1.0 10 95 0.28 | Bright.
0.02 0.02 tartrate. 0.65 | 10 95 0.28 Do.
0. 0.02 tartrate.______ 2.0 10 a5 0.31 | Browm.
0. 0.01 ammonium carbor 6.15| 6.8 80 0.07 | Bright.
¢. 0. 02 ammomum carbonate 0.05] 8.3 90 0.23 Do.
of the hydroxyl ion, for alkaline solutions, are LiOH, EXAMPLE IT
ys T 3 < .3 £ n
NaCH, KOH, NH,OH and other metal hydroxides of ¢y Coupons of copper sheet, .040” x 2" x 17, were cleaned

adequate solubility.

In practice, it is desirable to have a “stable” solution,
that is, one that does not generally decompose by a
homogeneous reaction of Equation 1 and deposit finely
divided nickel parficles throughout the solution. This
homogeneous reaction accompanies the plating reaction
only when one attempis to obtain tco high a plating
rate. The situation is easily corrected by reducing the
Nit++ concentration, pH, or temperature individually or
in combination.

The manner in which these new and improved nickel
plating solutions are prepared can be quite important
in that ingredients placed in the solution in an improper
order may very well result in not ail of the ingredients
becoming dissolved; or else spontanecus homogereoaa

65

by immersion in a dilute solution of nitric acid, water
rinsed, and then immersed into the plating solutions as
listed in Table IIT for periods of time sufficient to produce
the thicknesses indicated. It was found that the satura-
tion magnetization Mg, of these films was unusually high
compared to Mg for bulk nickel which is 484 gauss/cm.3.
Because of a +=3% instrumental error involved in testing
these small samples, several of the average readings ran
above the theoretical maximum. For example, in the
third sample a value of 500 gauss/cm.3 was recorded, a
fisure which probably inciuded approximately 16 gauss/
cm.? as an experimental error in the measuring technique.
Such a reading indicates that values equal to or extremely
close to the theoretical maximum Mg of nickel were in
fact achieved by the instant process. By way of contrast
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when 10 nicke! films were prepared by the prior art teach-
ings utilizing a nickel-anion hypophosphite-cation type
solution, 6 samples exhibited no detectable Mg while the
other 4 showed values less than 100 gauss/cm.3,

p

[o)
tion over or spraying solution on the catalytic surface of
the article. Also, if desired, simultanecus dual spray ap-
plication may be performed wherein nickel and hydrazine
solutions are maintained separate with the other required

Table 1IT
Solution Composition, m.p.L Plating Film Properties
Conditions
NiCl, Tartrate | Hydrazine PH ° .| Thickness, A. | Mg, gaussfem.?
0.02 0.02 0.6 10.0 90 120 495
0.02 0.02 0.6 10.0 90 12,400 430
0.2 0.2 1.0 9.5 90 450 500
0.2 0.2 1.0 9.5 90 1,576 475

EXAMPLE IIT

A coupon of mild iron, .040” x 2”7 x 1/, was cleaned by
immersion in a dilute solution of hydrochloric acid, water
rinsed, and then immersed into a plating solution ccm-
posed of 0.02 m.p.l. NiCly, 1.0 m.p.l. hydrazine, and 0.04
m.p.l sodium malonate which was maintained at a tem-
perature of 71° C. and a pH of 9.0.
nickel deposited spontaneously on the iron coupon at the
rate of 440 A./min. and that a bright, continuvous, and
firmly adherent coating was formed.

EXAMPLE IV

A glass microscope slide was cleaned and sensitized as
described in Example I. A plating solution was prepared
which contained 0.02 m.p.l. NiCl,, 0.005 sodium malo-
nate, 6.1 m.p.] hydrazine, and which was adjusted to a pH
of 7.5 and heated to 95° C. The sensitized slide was im-
nersed into the plating solution for three minutes after
which the plated sample was rinsed and dried. Upon ex-
amination of the specimen in a B-H hysteresis loop tester,
it was found that the coercivity, H,, was only 16 oersteds,
an unusually low and desirable value and the loop showed
good squareness, B./B;=0.92.

PRGCESS

The plating reaction will initiate spontaneously on all
clean surfaces which will function catalytically for hydro-
genation-dehydrogenation reactions. It is well known that
such catalytic materials include, among others, platinum,
palladium, nickel, gold and iron. In the event that it is
_desired to coat articles composed of substances which are
not catalytic, they may. be first coated with a thin layer
of some catalytic material by such techniques as electro-
plating, immersion plating, vacuum evaporation, painting
with conductive paints, or other appropriate methods. A
well known method of “sensitizing” nonconductors with
a film of palladium was described in Example L.

‘The process, as described, consists of immersing the
article to be coated into the plating solution. In com-
merical practice, it is usually desirable to maintain the
piating solution at a rather constant composition or within
a small composition range. Consequently, one may make
additions of the constituents which become depleted be-
cause of the plating reaction, evaporation, and drag-out
losses. These additions may be made continuously or
batch-wise at intervals. The present invention can be
readily practiced as a continuous process by well-known
techniques whereby pumps, filters and storage tanks are
employed to recirculate and regenerate the plating sclu-
tion.

Whereas the invention has been described by the tech-
nique of immersion of an article into a plating solution of
specified composition, pH, and temperature, the inven-
tion shall not be limited to this type of article-solution
contact. Confact may be achieved by flowing the solu-

t was found that
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constituents added to one of these solutions, as appro-
priate.

The thickness of the coating is a direct function of solu-
tion-article contact time, other factors remaining com-
stant. Films in the order of 100 A. have been prepared
and thinner films are possible, Conversely very thick
coatings can be prepared, if required for a specific ap-
plication, since adhesion is excellent. Furthermore, the
process causes the deposition of films of uniform thick-
ness irrespective of the geometrical complexity of the ar-
ticle surface.

In accordance with the present invention, other addi-
tives may be added to the plating solution for special pur-
poses without detrimentally affecting the plating action or
the purposes of this invention. Since pH control is desir-
able to stabilize the plating rate, the complexer may be
selected to function dually as one half of a pH buffer pair,
or alternately, a pH buffer may be added. Likewise,
frace quantities of catalyst poisons may be added so as
to prevent tiny suspended particulates from precipitating
general decomposition’ of the plating solution. It was
found that substances, e.z., malonates, with a great afinity
ior protons, accelerated the plating rate. Such substances
may be added to function separately or dually (as a com-
plexer also).  Additional refinements, known in the art
of metal deposition from agueous solutions, may be em-
ployed within the scope of the process of this invention.

NICKEL FILM PROPERTIES

In order to determine the compositional impurities in
the nickel films, special techniques for analysis had to be
employed. * Unsupported nickel films of approximately
1,000 angstroms in thickness were examined by elastic
scattering of particles emitted from a Van de Graaff ac-
celerator. The principal impurities to be found in the
nickel film are hydrogen, nitrogen, and oxygen. The hy-
drogen content in the nickel film was found to be approxi-
mately .1 to 0.2 percent by weight of hydrogen as deter-
mined by proton-proton scattering with the Van de Graaff
accelerator. * Some difficulties were encountered in at-
tempting to determine the oxygen and nitrogen content
using 2.3 mev. alpha particles, but in any event it was
clearly shown that the nitrogen content is definitely less
than 2.5 percent and the oxygen content is likewise less
than 2.5 percent. Because of the small quantities of nick-
¢l available for analysis, accurate determinations to. find
out just how low the nitrogen and oxygen content are
were not possible. Because of the lack of phosphorus in
the plating environment, substantially no phosphorus is
to be found in the flm.

In order to determine the crystal structure of the nickel
film, both electron and X-ray diffraction measurements
were employed and it was determined that the structure
is predominantly crystalline and possesses the normal face
centered cubic lattice of bulk nickel. No preferred ori-
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entaticn of the crystal structure was evident through these
analyses.

Saturation magnetization, Mg, was determined by the
Guoy method using a permanent magnet with a field
strength of 300 gauss per centimeter. It was found that the
Mg of the samples varied from between about 80% and
909% of the theoretical maximum for bulk nickel (484
gauss per centimeter®) irtespective of the complexing
donor atom species, pH in the range of 7 to 18, film coler,
or other parameters. However, certain films were found
to exhibit Mg values essentially equal to that of bulk
nickel, and in some cases exhibited apparent Mg's at least
equal to 484 gauss per centimeters; the mickel films which
exhibited the highest Mg values were those which were
plated onto copper sheet. As seen in Example IV the
nickel films of the present invention possess desirable
square B-H loop characteristics and a majority of the
samples exhibited 2 B./B; of at least 0.80 and moreover,
possess desirable low coercivity in the range of from 15-30
oersteds. It is of interest to note that the obtention of a
square hysteresis loop by the instant process is an unusual
characteristic for nickel. However, just exactly why this
effect has been achieved in the practice of the invention is
not fully understoed at the present tirme.

in order to effectively use the desirable magnetic char-
acteristics of the nickel film, glass substrates are sensitized
with a palladium strike plate in predetermined areas using
an appropriate masking device. Immersion of the sensi-
tized ceramnic subsirate into the preferred solutions of the
instant invention will result in the formation of nickel
films at these preselected areas which films will represent
a multitude of individual memory disks of abovementioned
preferred magnetic characteristics substantially as pre-
viously described. The same result’ may be likewise
achieved through utilization of chemical resist-coating
technique whereby selected areas are coated with a mate-
rial that resists subsequent etching steps. Other applica-
tions of the film will obviously suggest themselves by vir-
tue. of the desirable magnetic characteristics which the
film possesses as hereinabove pointed out.

From the foregoing description it can be appreciated
that the invention provides a commercially practicable
chemical' nickel plating solution and a resnltant nickel
film which has unique chemical and physical properties.
By means of the invention, relatively thick coatings of
nickel may be autocatalyticaily plated without requiring
the use of elaborate and expensive electrical equipment,
and yet, any desired thickness of nickel plating can be
formed up to a predetermined maximum thickness. Fur-
thermore, the nickel plating may be readily formed on
irregularly shaped objects and surfaces, with the assur-
ance that such irregularly shaped surfaces will receive a
uniform coating of mickel. Also the invention provides
a plating solution and process capable of carrying out the
above objects which sotution is relatively stable and the
process is relatively simple to conduct.

Obviously other modifications and variations of the
present invention are possible in light of the above teach-
ings. Tt is therefore to be understood that changes may
be made in the particular embodiments of the invention
described which are within the full intended scope of the
invention as defined by the appended class.

I claim as my invention:

1. An autocatalytic chemical reduction process for con-
tinuously plating nickel on objects having a catalytic
metal surface comprising the steps of providing an aque-
ous solution comprised of free nickel jons in the amount
of from 1010 to 102 gram-ions per liter, and a reductant
selected from the group consisting of hydrazine and hydra-
zine derivatives, maintaining said solution at a tempera-
ture of from 70° to 100° C. and at a pH of from 6.5 to
11, immersing into said solution an object with a catalytic
surface which will catalyze hydrogenation-dehydrogena-
tion reactions maintaining said object in the solution for

_a predetermined time until a nickel layer of a preselected
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depth has been deposited and finally withdrawing the cb-
ject from the solution.

2. A bath for the autocatalytic plating of nickel on cata-
Iytic metal surfaces comprising an aqueous solution of free
nickel icns in the amount of from 16—1° {o 162 gram-ions
per liter and hydrazine in the amount of from 0.05 to 3
gram moles per liter, said sclution having a pH greater
than &.5.

3. An autocatalytic chemical reduction process for
plating nickel on cbjects having a catalytic metal surface,
said process comprising the steps of providing an aqueous
soluticn containing from 10-10 to 10~2 gram-ions per
liter of free nickel ions, 6.05 to 3 moles per liter of hydra-
zine, maintaining said solution at a temperature in the
range of from 70° C. to 160° C. and a pH greater than
6.5, immersing the object to be plated in the solution, and
contimuously plating a nickel film on said cbject by the
aufocatalytic reaction of said solution at the catalytic
metal surface until the desired film thickness is obtained.

4. An =autocatalytic chemical reducticn process for
continnously plating nickel on objects having a catalytic
metal surface, said process comprising the steps of pro-
viding an aqueous solution containing from about 0.02 to
abcut 0.2 gram moles per liter of a nickel salt, at least
one nickel complexer selected from the group consisting of
a ligand having at least cne oxygen donor atom, a ligand
having at least one nitrogen doncr atom, and a ligand
having at least cne oxygen donor atom and at least one
nitrogen donor atom, said complexer being present in the
ratio of about 1 to 10 gram moles per gram mole of nickel
salt, and about 0.05 to 3 gram moles per liter of hydra-
zine; maintaining said solution at a temperature of from
76° C. to 180° C. and at a pH of from 6.5 to 11; immers-
ing said object in said solution to plate nickel on said ob-
ject by the autocatalytic reaction of said solution at the
catalytic metal surface, and removing said plated object
from said solution.

5. A bath for the autocatalytic plating of nickel on
catalytic metal surfaces comprising an aqueous solution
of aboat 0.02 to about 0.2 gram moles per liter of a nickel
salt, at least one nickel complexer selected from the group
consisting of a ligand having at least one oxygen donor
atom, a ligand having at least one nitrogen donor atom,
and a ligand having at least one oxygen donor atom and
at least one nitrogen donor atom, said complexer being
present in the ratio of about 1 to 10 gram moles per gram
mole of nickel salt, and about 0.05 to 3 gram moles of
hydrazine per liter of solution, said solution having a pH
of from 6.5 to 11.

€. An autocatalytic chemical reduction process for con-
tinuously plating nickel on objects having a catalytic
metal surface, said process comprising the steps of pro-

idfing an aqueous solution of a nickel salt, a nickel com-
plexing agent in the amount of 1 to 10 moles per mole of
nicke! sait, and a reductant selected from the group con-
sisting of hydrazine and hydrazine derivatives, maintain-
ing said solution at a temperature of from about 70° C.
to about 100° C. and at a pH greater than 6.5, contacting
said object with said solution, plating nickel on said object
by the autocatalytic reaction of said solution at the cata-
Iytic metal surface, and removing said plated object from
said sciution.

7. A bath for the autocatalytic plating of nickel on
catalytic metal. surfaces comprising an aqueous solution
of a nickel salt selected from the group consisting of nickel
chloride, nickel sulfate, nickel acetate, nickel nitrate, and
nickel sulfamate, a complexer selected from the group con-
sisting of a ligand having at least one oxygen donor atom,
a ligand having at least one mitrogen donor atom, and a
ligand having at least one oxygen donor atom and at least
one nitrogzen donor atom, said complexer being present
in the ratio of about 1 to 10 moles per mole of nickel salt,
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a reductant selected from the group consisting of hydra-
zine and hydrazine derivatives, said solution having a pH
greater than 6.5.
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