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UNITED STATES PATENT OFFICE 
2,690,401. 

CHEMICAL NICKEL, PLATING ON NON 
METALLIC MATERAS 

Gregoire Gutzeit, Highland, Ind., William J. 
Crehan, Hinsdale, Ill., and Abraham Krieg, 
Gary, Ind., assignors to General American 
Transportation Corporation, Chicago, Ill., a 
corporation of New York 

Application June 7, 1951, Serial No. 230,352 
(C. 117-4) 9 Claims, 

The present invention relates to processes of 
chemical nickel plating of non-conductive and 
non-catalytic solid materials and to methods of 
preparing the Surfaces of Such materials So that 
a homogeneous and adherent film of raicked may 
be chemically deposited thereon. 

In the copending application of Gregoire Gut 
zeit and Abraham Krieg, Serial No. 194,656, filed 
November 8, 1950, now Patent No. 2,658,841, 
granted November 10, 1953, there is disclosed a 
process of chemically plating with nickel, metals 
and other catalytic materials, by contacting the 
materials With an acid bath containing nickel 
ions and hypophosphite ions and a buffer. This 
preceSS is carried on under certain optirinum con 
ditions, which are as follows: 
The ratio between nickel ions and hypophos 

phite ions in the bath, expressed in molar con 
centrations, is within the range from 0.25 to 0.60; 
the absolute concentration of hypophosphite ions 
in the bath expressed in mole/liter, is within the 
range from 0.15 to 0.35; the absolute concen 
tration of the buffer in the bath is approximately 
equivalent to two carboxyl groups for every nickel 
ion that can be deposited, for instance, in the 
case of Sodium acetate, 0.120 mole/liter of acetate 
ion; the initial pH of the bath is within the ap 
proximate range from 4.5 to 5.6; the temperature 
of the bath is slightly below the boiling point 
thereof, about 98 centigrade; and the ratio be 
tWeen the volume of the bath, expressed in cubic 
centimetres (cm.8), and the surface area of the 
material that is to be plated expressed in square 
centimetres (cm2), (V/A), is not greater than 10. 
The buffers mentioned in that application and 
employed in the tests therein referred to are 
Soluble Salts of Simple short chain aliphatic mono 
carboxylic acids with an ionization constant pKa, 
higher than 4.7; such as, acetic acid, butyric acid, 
propionic acid, etc. 

In the Copending application of Gregoire Gut 
Zeit and Ernest J. Ramirez, Serial No. 204,424, filed 
January 4, 1951, now Patent No. 2,658,842, granted 
November 10, 1953, there is disclosed a process of 
chemically plating with nickel, metals and other 
catalytic materials, by contacting the materials 
with an acid bath containing nickel ions and hy 
pophosphite ions and an exaltant. This process 
is carried on under certain optimum conditions, 
Which are as follows: 
The ratio between nickel ions and hypophos 

phite ions in the bath, expressed in molar concen 
trations, is within the range from 0.25 to 1.60; the 
absolute concentration of hypophosphite ions in 
the bath, expressed in moles/liter, is within the 
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range 0.15 to 1.20; the absolute concentration of 
the exaltant in the bath is approximately equiva 
lent to two carboxyl groups for every nickel ion 
that can be deposited, for instance, in the case 
of sodium succinate, at least 0.05 mole/liter of 
succinate ion; the initial pH of the bath is with 
in the approximate range 4.3 to 6.8; the tempera 
ture of the bath is slightly below the boiling point 
thereof, about 99 centigrade; and the ratio be 
tween the volume of the bath, expressed in cm., 
and the surface area of the material that is to be 
plated, expressed in cm., (V/A), is not greater 
than 10. The exaltants mentioned in this last 
mentioned application and employed in the tests 
therein referred to are soluble salts of simple 
short chain aliphatic dicarboxylic acids with an 
ionization constant pK2 higher than 5.4; Such as 
malonic acid, succinic acid, glutaric acid, etc. 

In the applications referred to, it was pointed 
out that the catalytic materials that could be 
plated with nickel employing the baths and proc 
esses set forth were materials which cause the 
plating reaction: 
(1) cat. 

2(HPO)---2HOH -- Nih surf. 
St. 

2(HPO3)--- Ni-- H. 
For instance, using nickel chloride to provide the 
nickel ion and Sodium hypophosphite to provide 
the hypophosphite ion: 
(2) cat. 

2Na(H2PO2) -- 2H2O -- NiCl, --> 
Surf. 

2NaH(HPO3) -- Ni -- 2HCl -- H. 
In other words, materials that catalyze the oxida 
tion of the hypophosphite ion to the phosphite 
ion, while reducing water to atomic hydrogen, 
and, at the same time, promoting the formation 
of molecular hydrogen comprise catalytic ma 
terials. This reaction can be ascertained by ob 
Serving and measuring the volume of hydrogen 
gas evolved in an aqueous solution of a soluble 
hypophosphite upon addition of the catalytic ma 
terial, preferably at the highest possible tem 
perature below the boiling point of the solution. 
The following elements are catalytic: Cu, Ag, Au, 
Be, B, Ge, Al, Tl, Si, C, V, Mo, W, Cr, Se, Te, Ti, 
Fe, Co, Ni, Pd and Pt; and the following elements 
are definitely noncatalytic: Bi, Cd, Sn, Pb and Mn. 
Nonconductive and noncatalytic materials, such 

as plastics, hard rubber, wood, ceramics, etc, do 
not cause the plating reactions (1) and (2); and 
thus cannot be plated with nickel directly in ac 
cordance with the processes set forth in the ap 
plications mentioned. 
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Accordingly, it is the general object of the pres 
ent invention to provide a process of cheinical 
plating With nickel the surfaces of non-conductive 
and non-catalytic laterials, Such as plastics, hard 
rubber, wood, ceramics, etc. 
Another object of the invention is to provide a 

method of preparing the Surface of a non-con 
ductive and non-catalytic material of the charac 
ter. Inentioned so that it may be chemically plated 
with nickel. 
A further object of the invention is to provide 

a method of preparing the Surface of a non 
conductive and non-catalytic nateiria. So that, 
it may be chemically plated with nickel employ 
ing Substantially the improved processes de 
SCribed in the applications mentioned above. 
These and other objects and advantages of the 

present invention will be understood froin the 
foregoing and the following description taken 
With the accompanying drawings, in which: 

Figure 1 shows the variations in the initiation 
time interval of nickel plating upon prepaired 
non-catalytic Sainples with variations in ratios of 
nickel ions to hypophosphite ions in the chei Yical 
nickel plating baths containing sodium salts; and 

Fig. 2 Shows the vai'iations in the initiation 
time interval of nickel plating upon prepared 
non-catalytic samples with variations in ratios of 
nickel ions to hypophosphite ions in chemical 
nickel plating baths containing calcium salts. 

In a CCOl'dance With the present invention, in 
Order to obtain nickel chemical plating of non 
conductive and non-catalytic inaterials, such 
as plastics, hard rubber, wood, ceramics, etc., it 
is necessary first to prepare or condition the sur 
face of the material prior to contacting it, with 
the chemical nickel plating bath. More particu 
larly, the Surface of the material is nodified so 
as to form thereon firinly anchored growth 
nuclei. It is not necessary to achieve a complete 
Coverage of the Surface of the material With the 
growth nuclei, as the nickel plating will spread 
for a certain distance fron each growth nu 
cleus in the two dimensions along the surface of 
the material as it builds up in the third dimen 
Sion upon the growth nucleus, thereby obtaining 
ultimately a complete and homogeneous coating 
of nickel Upon the Surface of the material. Also, 
the Surface of the material is modified to elitmi 
nate polarization of the areas between the growth 
nuclei by effecting the presentation in these areas 
Of a fresh Stiface. 

In One form of the nethod, the surface of a 
nonéonductive and noncatalytic material of the 
character referred to may be prepared for chemi 
cal nickel plating by freshening and contaminat 
ing it. With traces of a catalyst in such a manner 
that the catalytic particles are securely anchored 
in place upon the freshened surface. By simply 
dusting the Surface with a finely divided cata 
lytic powder, Such as aluminum, carbon, etc., 
a coating is provided so that non-conductive and 
noncatalytic material of the character mentioned 
is prepared for chemical nickel piating. How. 
ever, in Order to obtain good adhesion of the sub 
Sequently deposited nickel to the material, the 
Catalyst must be firmly anchored to the surface 
of the material and the surface of the haterial 
must be fresh; whereby as many growth nuclei 
aS p0SSible are Securely anchored to the surface 
of the material, and the noncatalytic areas on 
the Surface of the imaterial are not polarized. 
These conditions may ordinarily be obtained by 
renowing the Surface skin of the material as the 
catalyst is embebbed in the freshly presented sur 
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face of the material. While the catalytic powde: 
may take the form of any one or combination of 
the catalytic elements previously inen 
from a practical standpoint nickel, coppar, CO: 
carbon and aluminum, as well as the alloys bra 
and bronze, have been found to be nost, useful. 
Specifically, beryllium cannot be used in the 
presence of an acetate buffer in the nickel plat 
ing bath as an insoluble acetate is formed; ii'gin 
has a tendency to rust rapidly, gold and silver 
are too expensive, etc. . 

In another for of the method where Raii 
ficial or compounded non-conductive, an: ino: 
Catalytic material is produced by forming, ino 
ing or casting, the catalyst Inay is inixed Vih. 

of the formed material is useful, enough catalyst, 
should be added to the basic material initially to 
provide adequate growth nuclei at the boundary 
Or Surface of the formed material. The for he 
material is subsequently prepared by Saind 
blasting, brushing, tumbling, chemical etching 
etc., to expose a fresh Surface thereon prior to 
being subjected to the nickel plating bath. For 
instance, by compounding a thernnosetting pia. 
molding powder (e. g. Bakelite), with 5% all 
nun powder, by weight, molding the cornpound 
under heat and pressure, then Subjecting : 
article thus formed of the compound to a 3ne 
abrading action by liquid honing in Order to pre 
pare the surface thereof, and, finally, chemically 
nickel plating the prepared surface of the article, 
an excellent adherent and continuous nicket coat 
ing may be obtained. 
A further form of the method is generally ap 

plicable to most non-conductive and non-cata 
lytic materials, and comprises employing in e 
chanical pressure to incorporate the Catalys: i 
the Surface of the material While Simultanaoagy 
freshening the Surface of the laterial. This call 
be achieved by Such Operations as Wet, Ci dy 
blasting, buffing, tumbling, Sanding, Wira 5331 
brushing, and the like, using a mixture of a 
Sive and catalyst materials, or alternatively, Si 
a hard catalyst itself as the abrasive. Thus 

ar 

O 
instance, liquid honing with “Wapor Blast’ equin. 
ment using Nova culite 325 or 1250 mesh a biasive 
mixed with 10% aluminum powder has been 
found to be excellent in the preparation of the 
surfaces of materials for chemical nickel platiing. 
Also, dry blasting with 325 mesh enery pov, 
and 5% of chemically reduced nickel has bee: 
found to be useful in the preparation of the Sit 
faces of the materials; the same is true With a 3 

the sand belt with a catalyst, Such as cheinical 
reduced nickel in powder form. 
In a still further form of the nethod, the 

Surface of a non-conductive and non-catalytic 
material may be prepared for cheaical nickel 
plating by freshening the Surface of the materia. 
by mechanically employing one of the abrasive 
techniques mentioned and then by containinat 
ing the freshened surface with a non-catalytic 
Substance in powdered form to provisie the growth 
nuclei on the freshened Surface of the materia, 
the non-catalytic Substance constituting a, no:- 
catalytic metal whose Solution potential is great 
er than that of nickel, Such, for example, as 
manganese, zinc, magnesiun and cadmiuin. In 
other words, by depositing on the freshened 
Surface of the non-conductive and non-catalyst 
material, fine particles or a thin filin of a netal 
less noble than nickel, an ion replacement occurs 
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in the chemical nickel plating bath between the 
nickel ions and the atoms of the IeSS noble metal, 
Whereby the nickel replaces the less noble metal 
and then acts as a catalyst. In the plating re 
actions (1) and (2), the advantage of this form 
of the method resides in the fact that Soft leSS 
noble metals, Such as Zinc and cadmium, are 
easy to apply. Since these netas With OW let 
ing pointS can be fiane-Sprayed upon the fresh 
ened Surface of the laterial. On the other hand, 
the more brittle, less noble metals, Such aS 
manganese, are more annenable to dusting upon 
the freshened Surface of the materia. The Sou 
tion potential of nickel is about 0.25; and the 
following less noble metals have higher Solution 
potentials: Mg, Al, Mn, 2n, Cr, Ga., Fe and Cd. 
The elements Al, Cr, Ga., and Fe are catalytic 
themselves, and the Solution potentials of the 
Other eerinents are: Mg, 2.34, Win, 1.05, Zn, 0.76, 
and Cd, 0.40. 
The following tests show the application of 

this form of the Irinethod. Bakelite Samples were 
cut to the dimensions of 2 inches x 4 inches 
and activated, i. e., the gloSSy Surface skin WaS 
removed by means of fine emery paper which 
had been rubbed, respectively, with Solid pieces 
of zinc, ragnesium and cadmium. In the case 
of manganese, the plastic Samples, after fresh 
ening, were dusted with the metal powder and 
rubbed by hand. Each of these samples was 
then placed in 50 cubic centimeters of a chem 
ical nickel plating bath containing 0.07 mole/liter 
of nickel chloride, 0.225 mole/liter of Sodium 
hypophosphite and 0.02 mole/liter of sodium 
Succinate. The initial pH of the bath was ad 
justed to 5.1 with HCl and the bath was heated 
to 98° C. The tine necessary to initiate nicke 
plating for Mn., Zn, Mg, and Cd were respectively 
0, 6 minutes, 8 minutes and 30 minutes. TWO 
of the samples, after 60 minutes, in the cases of 
Zn and Mn, had good unifornin nickel platings On 
the surfaces thereof; and the samples after 60 
rhinutes, in the cases of Mg and Cd, had fair 
nickel platings on the surfaces thereof. Thus, 
it may be concluded that manganese and Zinc 
give optimum results when employing this form 
of the method. 

In the preparation of the Surface of the non 
conductive and noncatalytic material, it is usual 
ly advisable just preceding the transfer of the 
imaterial to the chemical nickel plating bath to 
Subject, the surface thereof to a Standard clean 
ing operation, using techniques familiar to the 
metal working trade which will not deactivate 
the Surface, Such for instance as Spray Washing 
With a detergent, Vapor degreasing, etc. This 
final Standard cleaning Step is unneceSSary and 
may be omitted when the surface of the material 
is prepared or activated by certain of the steps 
described above, including liquid honing and 
steam blasting, Since these StepS Will uSually 
affect the necessary Standard cleaning or degreaS 
ing simultaneously with the activation or prep 
aration of the Surface of the material. 

I accordance with the proceSS of the present 
invention, after the Surface of the non-conduc 
tive and non-catalytic material has been ac 
tivated or prepared in accordance With the 
nethod described above, the material is trans 
ferred to the chemical nickel plating bath in 
Order that the pating of the nickel on the Sur 
face thereof is first initiated and then continued. 
The cherical nickel plating bath employed Inay 
pe that disciOSed in either of the previously noted 
applications; however, in employing either of 
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6 
these baths, it is advantageous to use a bath 
composition having a nickel ion to hypophoS 
phite ion ratio toward the lower extremity of 
the range set forth, as it has been discovered that 
Such lower Nit/ (H2PO2) - ratio baths initiate 
the nickel plating upon the previously activated 
or prepared Surface of the non-conductive and 
non-catalytic material in an appreciably Shorter 
time interval than do the higher Nit/(H2PO2) 
ratio bath.S. 
In this connection, it will be apparent that 

once nickel plating. On the Surface of the nar 
terial has been initiated, i. e., proceeded to a 
point where the surface thereof is covered with 
a continuous film of nickel, even a monololec 
ular layer, the conditions with respect to Con 
tinued nickel plating become identical to those 
prevailing in the plating of catalytic materials 
as disclosed in the said applications previously 
mentioned. In other Words, a different State 
exists only at the beginning of the cheinical 
nickel plating reaction in the case of a non 
conductive and non-catalytic material having a 
previously prepared or activated Surface. More 
over, it has been discovered that the best condi 
tions for obtaining a first uniform and continuous 
“flash' of nickel plating upon the previously 
prepared or activated Surface of the non-conduc 
tive and non-catalytic material are Somewhat 
different from the best conditions for obtaining 
continued nickel plating of the surface after the 
“flash' layer of metallic nickel has been obtained. 
Thus, it will be understood that after the "fiash' 
coating of nicke upon the Surface of the na 
terial has been obtained, the material inay be 
transferred to one of the previously mentioned 
baths having a higher Nitt/(H2PO2) ratio, in 
Order to continue the plating of the nicke Upoil 
the “fash' coating of nickel deposited upon the 
Surface of the material, although this transfer 
is not essential and is suggested Only When it is 
desired to obtain a rather thick nickel coating 
in a minimum time interval. 

Accordingly, it will be understood that the foi 
lowing considerations pertain to the composition 
of chemical nickel plating baths that are provided 
specifically for the purpose of initiating the nickel 
plating upon the previously prepared and acti 
wated surface of a non-conductive and non-cata 
lytic materia, it being desirable to initiate the 
“fash' coating of nickel in the minimum tine, 
time intervals of ten minutes, or less, being pref 
erable 
In a general Way, it can be stated that the leSS 

stable the chemical nickei plating bath is, the 
faster it willi initiate the nickel piating of the pre 
viously prepared or activated surface of the non 
conductive and noin-catalytic material, In othet 
words, the more the chemical nickel plating ath 
tends toward chemical non-Selective randon l'e- 
duction of nickel ions, as shown by therinal de 
cornposition tests or by the early appearance of 
black precipitate during plating, the faster the 
chemical nickel plating bath. Will initiate. HoW 
ever, the presence of black precipitate ordinarily 
causes a rough deposit of metallic nickel. Upon the 
naterial undergoing the pating operation, as well 
as a rapid depletion of nickel ions in the bath by 
autocatalytic decomposition. Therefore, it is 
necessary to obtain in the chemical nickel plating 
hath that is employed for initiating the "flash' 
deposit of the nickel pOn the material, a con 
promise between stability and the time interval 
lag to achieve the initiation mentioned. 

Considering first a bath of the general chair 
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acter of that disclosed in the previously men 
tioned application of Gutzeit and Krieg, when al 
kali Compounds are used as reagents, the buffer 
heing a Salt of a Short chain aliphatic monocar 
boxylic acid, such as sodium acetate, the optimum 
concentration of the hypophosphite ions derived 
frcrl alkali hypophosphite is again between 0.15 
and 0.35 mole/liter. The initiation time is prac 
tically a Straight line function of the ratio of 
nickel ions to hypophosphite ions, but relatively 
large announts of black precipitate are fortined at 
the lowest Niit / (H2PO2) ratios, although the 
quality of the plating is still good within the opti 
milm range of Nitt/(H2PO2) - of 0.25 to 0.60. 
the following tabulation summarizes tests run 
in 50 cc. of chemical nickel plating bath at a W/A 
ratio of 2.5 on aluminum activated "general pur 
pose' Bakelite samples; the absolute concentra 
tion of hypophosphite ions derived from Sodium. 
hypophosphite was 0.224 mole/liter; the buffer 
was Sodium acetate and its concentration in ace 
tate ions was 0.120 mole/liter; and the initial pH 
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When using alkaline earth salts both as a buf 

fer and as a Source of hypophosphite ions, it is 
possible to obtain good nickel plating and Small 
amounts of black precipitate by selecting the 
optimum ratio of Nit/(H2PO2) at the proper 
initial pH. The results of these tests are illus 
trated by the curve 20 in Fig. 2; and it will be ob 
Served that the plating results were excellent at 
a nickel ion to hypophosphite ion ratio of 0.433, 
With an initiation time of only 5 minutes, and 
that Only a mere trace of black precipitate was 
formed during the nickel plating operation. In 
referring to alkaline earths, we include magne 
Sium. 

Finally, considering a chemical nickel plating 
bath of the general character of that disclosed 
in the previously mentioned application of Gut 
Zeit and Ramirez, the bath containing an exalt 
ant in the form of a Salt of a short chain aliphatic 
dicarboxylic acid, such as sodium succinate, the 
bath is extremely stable, and will initiate nickel 
plating upon an activated or prepared noncon 

Was adjusted to 4.85: ductive and noncatalytic material only after a 
Table 

Initial Initiation Plating Sample Black precipi. 
Ni---f(HPO) ratio time, tirine, appearance tate at con 

p min. nin. (coverage) pletion 

5. O1 4 50 very good. Fair amount. 
5.00 4. 50 ----- - Mirror. 
5.0 4. 50 good- Do. 
5.0 4 50 fair--------. Fair amount. 
5.00 1. 50 ----- dol- Do. 
4.90 39 110. ----- do----. Do. 

The results of these tests are illustrated by the 35 long period of time. 
curve E3 in Fig. 1; and it will be observed that 
i.e. ai nount of nickel reduced chemically at ran 
icin (as opposed to catalytic plating) is largest 
at the lower Nitt/(EIPO2) ratios, while initia 
tion tine and coverage are best With these lower 
iatio3. 

Considering another chemical nickel plating 
bath of the general character of that disclosed in 
the previously mentionald application of Gutzeit 
and Krieg, When alkaline earth compounds are 
Used as reagents, the buffer being a salt of a Short 
chain aliphatic monocarboxylic acid, Such as cal 
ciuna acetate, the optimum concentration of the 
hypophosphite ions derived from alkaline earth 
hygophosphites is 
0.35 inole/liter. The initiation time is much 
sharter, although it is still a function of the 
Nitt/ (EPO2) - ratio. The following tabulation 
E3:Yarizes tests run in 50 cc. of cheinical nickel 
plating bath at a W/A ratio of 2.5 on aluminum 
activated "general purpose’ Bakelite samples; the 
absolute concentration of hypophosphite ions de 
lived from calcium hypophosphite was 0.224 mole/ 
iter; the buffer was calcium acetate and its coin 
centration in acetate ions was 0.112 mole/liter; 
ar: the initial pH. Was adjusted to 4.85. In these 
tests, the nickel plating was carried on for 180 
nintes after initiation; and the results were as 
follows: 

again between 0.15 and 

40 

60 

The following tabulation 
Sunnarizes tests run in 50 cc. of chemical nickel 
plating bath at a W/A ratio of 2.5 on aluminum 
activated “general purpose’ Bakelite samples; 
the absolute concentration of hypophosphite 
ions was 0.225 mole/liter; the exaltant was 
Sodium. Succinate and its concentration in suc 
cinate ions was 0.06 mole/liter; the ratio of 
Nit/(H2PO2), was 0.4; and the tests were con 
tinued for 60 minutes after initiation of plating 
OCCurred. The resultS Were as follows: 

Table III 

Initial 'til Rate after Sanol itia ion ate after Sample appearance 
pH time, Black precip. iiii fiti, 

l 

6.30------ 20 after 50 nin... wery fast- very good cover 
age, slight rough 
neSS. 

5.00------ 20 after 90 mini--- fast------- fair coverage, 
rough. 

4.00------ 4 - none.---------- fair-------- spotty coverage. 

In order to obtain faster initiation of the plat 
ing process and better coverage by the nickel 
plating at low pH values with a bath of the 
character of that disclosed in the previously men 
tioned application of Gutzeit and Ramirez, a 
slight modification is suggested. This consists in 

Table II 

Initia NiticFigPO)- Initial in E sample. Black precipitate ratio pH time, hrs." appearance at completion 
w 

0. 3 No good (crust). Considerable. 
2 3. Very good------- Do. 
4 3 Good to fair----- Trace. 
5 3 Very good------- Do. 
5% 3 Good----------- Do. 
15 3 Fair------------- Small amounts. 
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the use of a lower Nitt/ (H2PO2) - ratio in the 
bath, in the range 0.25 to 0.3. 
The herein disclosed process of producing an 

intimately bonded and continuous layer of nickel 
upon the Surface of a Solid non-metallic body in 
Volving eXposing a fresh non-polarized surface of 
the body having incorporated therein and ex 
posed thereon dispersed growth nuclei minute 
carbon particles is disclosed and claimed in the 
Copending divisional application of Gregoire 
Gutzeit, William J. Crehan and Abraham Krieg, 
Serial No. 370,142, filed July 24, 1953. 
From the foregoing, it is apparent that a proc 

ess has been provided for the plating with nickel. 
of nonconductive and noncatalytic material, such 
aS plastics, hard rubber, Wood, ceramics, etc., that 
involves the preliminary activation or prepara 
tion of the Surface of the material employing the 
present method so as to provide thereon firmly 
anchored growth nuclei and nonpolarized areas 
a cedino dating the initiation of the fiash nickel 
coating on the material. Moreover, in carrying 
out the process of the present invention after 
activation or preparation of the surface of the 
nateriai in accordance with the method of the 
present invention, an intimately bonded and uni 
form layer of nickel may be obtained upon the 
Surface of the material having any desired thick 
ress. It Will be understood that the invention is 
not limited except as defined by the appended 
ciains. 

We claim: 
1. The process of producing an intimately 

bonded and continuous layer of nicked upon the 
Surface of a solid non-metallic body, which com 
prises exposing a fresh non-polarized Surface of 
said body having incorporated therein and ex 
posed thereon dispersed growth nuclei minute 
particles essentially comprising an element Se 
legted from the group consisting of iron, cobalt, 
nickel, aluminum, copper, silver, gold, palladium 
and platinia, and immersing said body in a bath 
consisting essentially of an aqueous solution of a 
nickel salt and a hypophosphite during a Sufi 
cient time interval to cause initial nickel plating 
upon said growth nuclei and Subsequent growth 
of the Irickel 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, Securing to the fresh non-polarized 
surface of said body dispersed growth nuclei 
minute particles essentially comprising an ele 
ment, selected from the group consisting of iron, 
cobalt, nickel, aluminum, copper, silver, gold, 
palladium and platinum, and immersing Said 
body in a bath consisting essentially of an aqueous 
Solution of a nickel salt and a hypophosphite 
during a Sufficient time interval to cause initial 
nickel plating upon said growth nuclei and Sub 
sequent growth of the nickel plating into a con 
tinuous nickel layer upon the fresh non-polarized 
Surface of Said body. 

3. The process of producing an intimately 
bonded and continuous layer of nickel upon the 
surface of a solid non-metallic body, which COm 
prises abrading the surface of said body to expose 
a fresh non-polarized surface thereof, Securing to 
the fresh non-polarized surface of said body dis 
persed growth nuclei minute particles essentially 
comprising an element selected from the group 
consisting of iron, cobalt, nickel, aluminum, 
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1. 
copper, Silver, gold, palladium and platinum, and 
immersing Said body in a bath consisting eSSen 
tially of an aqueous solution of a nickel salt and a 
hypophosphite during a sufficient time interval 
to cause initial nickel plating upon Said growth 
nuclei and Subsequent growth of the nickel plat 
ing into a continuous nickel layer upon the fresh 
non-polarized surface of said body. 

4. The process of producing an intimately 
onded and continuous layer of nickel upon the 

Surface of a solid non-metallic body, which com 
prises abrading the Surface of Said body with 
an abrasive material having dispersed therein 
minute particles essentially comprising an ele 
net selected from the group consisting of iron, 
aco:3ait, nickel, aluminum, copper, silver, gold, 
palladium and platinum as both to expose a. 
fresh non-polarized Surface of Said body and 
to embed in dispersed relation therein said mi 
nute particles as grows nuclei, and immersing 
Said body in 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 growth 
nuclei and Subsequent growth of the nickel plat 
ing into a continuous nickel layer upon the fresh 
non-polarized Surface of Said body. 

5. The process of producing an intimately 
bonded and continuous layer of nickel upon the 
Surface of a solid non-metallic body, which con 
prises abrading the surface of said body with 
minute nickel particles so as both to expose a 
fresh non-polarized surface of said body and to 
enbed in dispersed irelation therein said minute 
nickel particles as growth nuclei, and immersing 
Said body in 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 growth 
nuclei and Subsequent growth of the nickel plat 
ing into a continuous nickel layer upon the fresh 
non-polarized Surface of said body. 

6. The process of producing an intimately 
bonded and continuous layer of nickel upon the 
Surface of a solid non-metallic body, which 
compriseS eXposing a fresh non-polarized sur 
face of Said body, Securing to the fresh non 
polarized surface of said body dispersed growth 
nuclei minute particles essentially comprising an 
element that is less noble than nickel, and in 
mersing Said body in a bath consisting essen 
tially of an aqueous solution of a nickel salt and 
a hypophosphite during a sufficient time interval 
to cause initial nickel plating by displacement, 
With respect to Said growth nuclei and subse 
quent growth of the nickel plating into a con 
tinuous nickel layer upon the fresh non-polar 
ized Surface of said body. 

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, Securing to the fresh non-polarized 
Surface of Said body dispersed growth nuclei 
minute particles essentially comprising an ele 
ment Selected from the group consisting of man 
ganese, Zinc, magnesium and cadmium, and in 
mel'Sing Said body in a bath consisting essentially 
of an aqueous Solution of a nickel salt and a hy 
pophosphite during a sufficient time interval to 
cause initial nickel plating by displacement with 
respect to said growth nuclei and subsequent 
growth of the nickel plating into a continuous 
nickel layer upon the fresh non-polarized sur 
face of Said body. 
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8. The process of producing a composite solid 
body of non-metallic material having an inti 
mately bonded and continuous layer of nickel 
upon the Surface thereof, Which comprises com 
pounding With Said non-metallic material an 
element Selected from the group consisting of 
iron, Cobalt, nickel, aluminum, copper, silver, 
gold, palladium and platinum, fabricating said 
body of Said compounded non-metallic mate 
rial and Said element, exposing a fresh non 
polarized surface of Said body so that said ele 
ment is dispersed as growth nuclei minute parti 
cles at the fresh non-polarized surface thereof, 
and immersing Said body in a bath consisting 
essentially of an aqueous solution of a nickel salt 
and a hypophosphite during a sufficient time 
interval to cause initial nickel plating upon said 
growth nuclei and Subsequent growth of the 
nickel plating into a continuous nickel layer 
upon the fresh non-polarized surface of said 
body. 

9. The process of producing a composite solid 
body of Synthetic plastic material having an 
intimately bonded and continuous layer of nickel 
upon the surface thereof, which comprises com- 25 2.532.283 
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pounding with Said Synthetic plastic material an 
element selected from the group consisting of 
iron, cobalt, nickel, aluminum, Copper, Silver, 
gold, palladium and platinum, fabricating said 
body of Said Compounded Synthetic plastic man 
terial and Said element, exposing a fresh non 
polarized Surface of Said body So that Said ele 
ment is dispersed as growth nuclei minute parti 
cles at the fresh non-polarized surface thereof, 
and immersing Said body in a bath consisting 
essentially of an aqueous Solution of a nickel salt 
and a hypophosphite during a sufficient time in 
terval to cause initial nickel plating upon said 
growth nuclei and subsequent growth of the 
nickel plating into a continuous nickel layer upon 
the fresh non-polarized surface of said body. 
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