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The present invention relates to processes of 
chemical nickel plating of non-metallic bodies, 
and constitutes an improvement over that dis 
closed and claimed in the copending application 
of Gregoire Gutzeit, William J. Crehan and Abra 
ham Krieg, Serial No. 230,352, ?led June '7, 1951. 
In this Gutzeit, Crehan and Krieg application, 

there is disclosed an improved process of chemi— 
cally nickel plating a non-metallic body formed 
of such materials as plastics, hard rubber, wood, 
ceramics, and the like, by freshening the surface 
of the body (removing the outer skin thereof), 
then contaminating the “freshened” surface of the 
body with a catalytic material, and then contact 
ing the body with a chemical nickel plating bath. 
In accordance with that process, the initial sur 
face of the body is “freshened” in order to remove 
the polarized outer skin thereof by sanding, blast 
ing, brushing, grinding, buf?ng, abrading, tum 
bling, chemical etching, etc.; and the catalytic 
material with which the freshened surface of the 
body is contaminated essentially comprises one or 
more elements selected from the group consisting 
of copper, silicon, gold, beryllium, boron, germa 
nium, aluminum, thallium, silicon, carbon, vana 
dium, molybdenum, tungsten, chromium, sele 
nium, tellurium, titanium, iron, cobalt, nickel, 
palladium and platinum. Finally, in that process, 
the prepared body is immersed for a suitable time 
interval in a chemical nickel plating bath of the 
nickel cation-hypophosphite anion type. In the 
preparation of the body, the freshened surface 
thereof is contaminated with a su?icient amount 
of the catalytic material so as to form thereon 
?rmly anchored growth nuclei, it being unneces 
sary to achieve a complete coverage of the fresh 
ened surface of the body with the growth nuclei 
since the nickel plating spreads for a certain dis 
tance from each growth nucleus in the two dimen 
sions along the surface of the material as it 
builds up in the third dimension upon the growth 
nucleus, the freshened surface areas between the 
growth nuclei accommodating the intimate bond 
ing of the nickel plating in these areas; whereby 
a complete and homogeneous coating of nickel 
upon the surface of the body is obtained. 
While the process disclosed in this Gutzeit, 

Crehan and Krieg application is entirely satisfac 
tory in the nickel plating of a non-metallic body, 
it is dependent upon the careful preparation of 
the surface of the body, and particularly upon the 
substantially uniform contamination of the fresh 
ened surface thereof with the catalytic material 
to provide a substantially uniform distribution of 
the growth nuclei ?rmly anchored thereon, 
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whereby the process is more expensive to carry 
out commercially than is desirable. 

Accordingly, it is the general object of the pres 
ent invention to provide an improved process of 
chemical nickel plating of non-metallic bodies 
that is simple and economical to carry out com 
mercially. 
Another object of the invention is to provide a 

process of producing an intimately bonded layer 
of nickel upon a non-metallic body formed essen 
tially of such materials as synthetic plastics, hard 
rubber, wood, quartz, glass, ceramics, or the like, 
that involves exposing a fresh surface of the body, 
applying a palladium salt to the fresh surface of 
the body, chemically reducing the palladium salt 
applied to the fresh surface of the body to me 
tallic palladium intimately bonded thereto, and 
then chemically depositing nickel upon the me 
tallic palladium and upon the fresh surface of the 
body. 
A further object of the invention is to provide 

a process of the character described, wherein the 
palladium salt is applied to the fresh surface of 
the non-metallic body by immersing the body in 
a ?rst aqueous solution of the palladium salt, the 
palladium salt applied to the fresh surface of the 
body is reduced to metallic palladium by im 
mersing the body in a second aqueous solution of 
a reducing agent, and the nickel is chemically 
deposited upon the metallic palladium and upon 
the fresh surface of the body by immersing the 
body in an aqueous chemical nickel plating bath 
of the nickel cation-hypophosphite anion type. 
A still further object of the invention is to pro 

vide a process of the character described, wherein 
the concentration of the palladium salt in the 
aqueous solution mentioned is quite low, so that 
after the palladium salt is applied to the fresh 
surface of the body and then chemically reduced 
to metallic palladium, the metallic palladium is 
applied uniformly to the fresh surface of the body, 
although not necessarily continuously, and ade 
quately to provide securely anchored growth 
nuclei thereon in order that subsequently the 
nickel may be chemically deposited upon the me 
tallic palladium and upon the fresh surface of 
the body to provide a continuous layer of the 
nickel of the required thickness upon the body. 
In accordance with the process of the present 

invention, the non-metallic body formed essen 
tially of such materials as synthetic plastics, hard 
rubber, wood, quartz, glass, ceramics, or the like, 
is ?rst prepared by freshening the surface thereof 
upon which the nickel is to be ultimately de 
posited employing any conventional step, such as, 
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sanding, blasting, brushing, grinding, buffing, 
abrading, tumbling, chemical etching, etc., so as 
to remove the “outer skin” thereof in order to 
eliminate any polarization of the surface of the 
body. For instance, liquid honing with “Vapor 
Blast” equipment using Novacuiite 325 or 1250 
mesh abrasive or dry blasting with 325 mesh 
emery powder is very effective to prepare or 
freshen the surface of the body, particularly 
when it is formed of a synthetic plastic material, 
such as “Bakelite,” methacrylate, polystyrene, etc. 

After the surface of the non-metallic body is 
thus freshened, the body is immersed for a short 
time interval in a ?rst aqueous solution con 
taining a soluble salt of palladium, such as, the 
chloride, nitrate, bromide, or sulfate; and is then 
removed therefrom and rinsed with water, or the 
like. For instance, merely by dipping the pre" 
pared body into the ?rst solution and. then rins 
ing with water, a suitable quantity of the pal 
ladium salt is applied to the fresh surface and 
remains thereon for the present purposes. It is 
particularly noted that the concentration of the 
palladium salt in the ?rst solution is exceedingly 
low; for example, employing a ?rst solution es 
sentially comprising only water and palladium 
chloride, it was discovered that the concentra 
tion of the palladium chloride in the water is 
effective above 35 parts of palladium chloride to 
each 1,000,000 part of water, by weight. 

Thereafter, the non-metallic body is immersed 
for a short time interval in a second aqueous 
solution containing a soluble chemical reducing 
agent, such as, hypophosphorous acid, hydrazine 
hydrochloride, hydroquinone, etc.; and is then 
removed therefrom and rinsed with water, or the 
like. For instance, merely by dipping the pre 
pared body into the second solution and then 
rinsing with water, a suitable quantity of the 
palladium salt applied to the fresh surface of 
the body is chemically reduced to metallic pal 
ladium to form substantially uniformly distrib 
uted growth nuclei securely anchored thereto. 
It is particularly noted that the metallic palla~ 
dium nuclei thus securely anchored to the fresh 
surface of the body need not be continuous or 
provide a monatomic layer since the nickel sub 
sequently deposited upon each metallic pal 
ladium nucleus will spread therefrom in the two 
directions along the fresh surface of the body as 
it builds up in the third dimension upon the 
nucleus, thereby obtaining ultimately a com 
plete and homogeneous coating of nickel upon 
the surface of the body. The fresh surface areas 
of the body between the growth nuclei permit 
ready spreading of the nickel deposit by virtue of 
the elimination of the polarization thereof. For 
example, employing the second solution essen 
tially comprising only water and a soluble hypo 
phosphite, i. e., about 0.225 mole/liter of hypo~ 
phosphite anion derived from sodium hypophos 
phite, the palladium chloride applied to the fresh 
surface of the non-metallic body is quickly and 
completely reduced to metallic palladium. 

Finally, the non-metallic body is then im 
mersed for the required time interval in a chem 
ical nickel plating bath of the nickel cation 
hypophosphite anion type, the time interval re 
quired being dependent upon the thickness of 
the nickel plating that is desired upon the sur 
face of the body; and is then removed there 
from and rinsed with water, or the like. For 
instance, by immersing the prepared body into 
the chemical nickel plating bath and then rins 
ing with water, an intimately bonded layer of 
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nickel (containing some phosphorus) is deposited 
upon the surface thereof. The temperature of 
the {bath is preferably slightly below the boiling 
point thereof, about 98° C. or 99° C. 
While there are several known chemical nickel 

plating baths of the nickel cation-hypophosphite 
anion type, the baths respectively disclosed in 
the copending application of Gregoire Gutzeit 
and Abraham Krieg, Serial No. 194,656, ?led No 
vember 3,1950, now Patent No. 2,658,341, granted 
November 10, 1953, and in the copending appli 
cation of Gregoire Gutzeit and Ernest J. Ramirez, 
Serial No. 204,424, ?led January 4, 1951, now 
Patent No. 2,658,842, granted November 10, 1953, 
are speci?cally recommended. 
Thebath disclosed in the Gutzeit and Krieg 

application essentially comprises an aqueous acid 
solution containing nickel cations, hypophos 
phite anions and a buffer in the form of a solu 
ble salt of monocarboxylic acid; the initial pH 
of the bath being within the approximate range 
4.5 to 5.6. In this bath, the ratio between nickel 
cations and hypophosphite anions, expressed in 
molar concentrations, is within the range 0.25 to 
0.60; the absolute concentration of hypophos 
phite anions, expressed in mole/liter, is within 
the range 0.15 to 0.35; the absolute concentra 
tion of the buffer is equivalent to two carboxyl 
groups for every nickel cation that can be de 
posited, for instance, in the case of sodium ace 
tate, at least 0.120 mole/liter of acetate anion. 
The bath may be formed by dissolving in a water 
solution of hydrochloric acid, nickel chloride, so 
dium hypophosphite and sodium acetate, the pH 
of the bath being adjusted with a weak alkali, 
such as sodium bicarbonate. 
The bath disclosed in the Gutzeit and Ramirez 

application essentially comprises an aqueous acid 
solution containing nickel cations, hypophos 
phite anions and an exaltant in the form of a 
soluble salt of a simple short chain aliphatic di 
carboxylic acid, the initial pH of the bath being 
within the approximate range 4.3 to 6.8. In this 
bath, the ratio between nickel cations and hypo 
phosphite anions, expressed in molar concen 
trations, is within the range 0.25 to 0.60; the 
absolute concentration of hypophosphite anions, 
expressed in mole/liter is within the range 0.15 
to 0.20; the absolute concentration of the ex 
altant is equivalent to two carlboxyl groups for 
every nickel cation that can be deposited, for 
instance in the case of sodium succinate, at least 
0.05 mole/liter of succinate anion. The bath 
may be formed by dissolving in a water solu 
tion of hydrochloric acid, nickel chloride, sodium 
hypophosphite and sodium succinate, the pH of 
the bath being adjusted with a weak alkali, such 
as, sodium bicarbonate. 
In carrying out the present process, it is very 

important that the palladium salt applied to the 
fresh surface of the non-metallic body be chemi 
cally reduced to metallic palladium to provide 
the growth nuclei securely anchored to the sur 
face of the body before the body is immersed in 

~ the chemical nickel plating bath, as otherwise the 
palladium salt will become diffused throughout 
the chemical nickel plating bath incident to the 
immersion of the body, whereby “black precipi 
tate” will quickly form in the chemical nickel 
plating bath. Not only is the formation of “black 
precipitate” in the chemical nickel plating bath 
objectionable, as it comprises a random reduc 
tion of the nickel cations therein, as contrasted 
with catalytic reduction of nickel cations therein 
upon the surface of the body undergoing the plat 
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ing, but the chemical nickel plating bath is 
quickly depleted once the formation of “black 
precipitate” therein is initiated, since the reac 
tion producing the “black precipitate” in the 
chemical nickel plating bath is autocatalytic. 
Furthermore, when “black precipitate” begins to 
form in the chemical nickel plating bath, further 
deposition of nickel upon the surface of the body 
is quickly arrested and the deposit of metallic 
nickel thereon is rendered roughtor at least the 
normal brightness thereof is seriously impaired. 
However, when the palladium salt applied to the 
surface of the body by dipping in the ?rst solu 
tion is chemically reduced to metallic palladium 
by dipping in the second solution, preceding the 
immersion of the body in the chemical nickel 
plating bath, the palladium is immobilized upon 
the surface of the body, so that subsequently there 
is no tendency for the palladium cations to dif 
fuse through the chemical nickel plating bath 
and initiate the production of the objectionable 
“black precipitate”, as explained above. 
In the first solution, a concentration of pal 

ladium chloride in excess of about 35 parts per 
1,000,000 parts of water, by weight, merely brings 
about the application to the surface of the non 
metallic body of additional growth nuclei, as a 
consequence of the chemical reduction thereof in 
the second solution, whereby the metallic palla 
dium applied to the fresh surface of the body 
tends toward a monatomic layer, so that the 
initiation of the nickel plating thereon in the 
chemical nickel plating bath is accelerated. 
However, since palladium salts are rather expen 
sive and initiation of the nickel plating takes 
place, as previously described, when the concen 
traticn of the nickel chloride in the ?rst solution 
is at least about 35 parts per 1,000,000 parts of 
water, by weight, it is uneconomical substantially 
to increase the concentration of the palladium 
salt in the ?rst solution materially beyond that 
noted. 

In carrying out the process of the present in 
vention, the initiation of chemical nickel plating 
upon the growth nuclei and upon the fresh sur 
face of the body is substantially instantaneous 
when the body is immersed in the chemcal nickel 
plating bath, and the thickness of the nickel 
plating (containing some phosphorus) that may 
be built up thereon is dependent only upon the 
immersion time interval. For example, in a 
matter of only several hours a nickel coating of 
several mils in thickness may be deposited upon 
a non-metallic body, which coating is hard, 
smooth and bright, intimately bonded to the sur- ’ 
face of the body, and exhibits great resistance to 
oxidation and corrosion. 
From the foregoing, it is apparent that an im 

proved process has been provided for the plating 
with nickel of non-metallic bodies formed of such 
materials as synthetic plastics, hard rubber, wood, 
glass, ceramics, etc., that involves the prelimi 
nary activation or preparation of the surface of 
the bodies employing the method of the present 
invention so as to provide thereon ?rmly an 
chored metallic palladium growth nuclei and non 
polarized areas therebetween accommodating the 
initiation of the chemical nickel plating there 
upon incident to the immersion of the bodies in 
the chemical nickel plating bath of the nickel 
cation-hypophosphite anion type. It will be 
understood that the invention is not limited ex 
cept as de?ned by the appended claims. 
What is claimed is: 
1. The process of producing an intimately 
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6 
bonded and continuous layer of nickel upon the 
surface of a solid non-metallic body, which com 
prises eXp-osing a fresh non-polarized surface of 
said body, then contacting said body with a ?rst 
aqueous solution of a palladium salt, then con 
tacting said body with a second aqueous solution 
of a reducing agent in order to effect the chemical 
reduction of said palladium salt to metallic pal— 
ladlium so that dispersed minute metallic pal 
ladium particles are secured to the fresh non 
polarized surface of said body, and then contact 
ing said body with a bath consisting essentially of 
an aqueous solution of a nickel salt and a hypo 
phosphite during a sufficient time interval to 
cause initial nickel plating upon said particles 
and subsequent growth of the nickel plating into 
a continuous nickel layer upon the fresh non 
polarized surface of said body. 

2. The process of producing an intimately 
bonded and continuous layer of nickel upon the 
surface of a solid non-metallic body, which com 
prises exposing a fresh non-polarized surface of 
said body, then contacting said body with a ?rst 
aqueous solution of a palladium salt, then rinsing 
said body, then contacting said body with a sec 
ond aqueous solution of a reducing agent in order 
to effect the chemical reduction of said palladium 
salt to metallic palladium so that dispersed 
minute metallic palladium particles are secured 
to the fresh non-polarized surface of said body, 
then rinsing said body, and then contacting said 
body with a bath consisting essentially of an 
aqueous solution of a nickel salt and a hypo— 
phosphite during a suf?cient time interval to 
cause initial nickel plating upon said particles 
and subsequent growth of the nickel plating into 
a continuous nickel layer upon the fresh non 
polarized surface of said body. 

3. The process set forth in claim 1, wherein 
said palladium salt is palladium chloride. 

4. The process set forth in claim 1, wherein 
said ?rst aqueous solution is of palladium chlo 
ride containing by weight at least 35 parts of 
palladium chloride to 1,000,000 parts of water. 

5. The process set forth in claim 1, wherein 
said reducing agent is a hypophosphite. 

6. The process set forth in claim 1, wherein 
said palladium salt is palladium chloride and 
said reducing agent is a hypophosphite. 

7. The process of producing an intimately 
bonded and continuous layer of nickel upon the 
surface of a solid non-metallic body, which com 
prises exposing a fresh non-polarized surface 
of said body, applying a palladium salt to the 
fresh non-polarized surface of said body, then 
chemically reducing said palladium salt applied 
to the fresh non-polarized surface of said body 
to metallic palladium so that dispersed minute 
metallic palladium particles are secured to the 
fresh non-polarized surface of said body, and then 
contacting said body with a bath consisting es 
sentially of an aqueous solution of a nickel salt 
and a hypophosphite during a su?icient time in 
terval to cause initial nickel plating upon said 
particles and subsequent growth of the nickel 
plating into a continuous nickel layer upon the 
fresh non-polarized surface of said body. 

8. The process of producing an intimately 
bonded and continuous layer of nickel upon the 
surface of a solid non~metallic body, which com 
prises exposing a fresh non-polarized surface 
of said body, applying a palladium salt to the 
fresh non-polarized surface of said body by 
immersing said body in a ?rst aqueous solution 
of said palladium salt, then chemically reduc 
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ing said palladium salt applied to the‘ fresh 
non-polarized surface of said body to metallic 
palladium by immersing said body in a second 
aqueous solution of a reducing agent so that 
dispersed minute metallic palladium particles 
are intimately bonded to the fresh non~polarized 
surface of said body, and then immersing said 
body in a bath consisting essentially of an 
aqueous solution of a nickel salt and a hypophos 
phite during a su?icient time interval to cause 
initial nickel plating upon said particles and 

8 
subsequent growth of the nickel plating into a 
continuous nickel layer upon the fresh non‘ 
polarized surface of said body. 
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