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SELECTIVE NICKEL DEPOSITION 

ORIGIN OF THE INVENTION 

The invention described herein was made by employees of 
the United States Government and may be manufactured and 
used by or for the Government for governmental purposes 
without the payment of any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention is concerned with a radiation-chemical 
process for depositing nickel. The invention is particularly 
directed to an improved photographic process in which nickel 
is deposited in controlled amounts by the irradiation of nickel 
hypophosphite. The invention also relates to an improved 
process for making printed circuits. 

Conventional photographic processes use silver ‘halides. 
This material is expensive, and sometimes‘it may be in short 
supply. Silver halide treated paper is sensitive to ordinary 
light, and care must be taken in storing this'photographic 
paper. ' 

SUMMARY OF THE INVENTION 

These problems have been solved by thepresent invention. 
A suitable substrate coated with nickel hypophosphite is ir 
radiated to cause a chemical change. Nickel is deposited only 
on the irradiated areas by immersing the substrate in a 
developing solution. The density of the nickel deposit is a 
function of irradiation dose within a particular dose range. 

OBJECTS OF THE INVENTION 

It is, therefore, an object of the present invention to provide 
a method of depositing nickel throughout porous substrates. 
Another object of the invention is to provide a process for 

the selective deposition of nickel on various substrates suita 
ble for making printed circuits or the like. 
A further object of the invention is to form permanent 

nickel images or prints with wide tonal gradations throughout 
the gray scale. 
A still further object of the invention is to provide catalysts 

by depositing nickel in porous substrates, vsuch as fritted-glass, 
blotting paper and porous ceramics. 
These and other objects and advantages of the invention 

will be apparent from the speci?cation which'follows. 

DESCRIPTION or THE PREFERRED‘EMBODIMENT 

According to the present invention a suitable substrate, 
such as ?lter paper, blotting paper, or glass carries a nickel 
compound that is sensitive to irradiation. This substrate is ?rst 
prepared by coating or impregnating with a ‘solution contain 

‘ ing nickel hypophosphite. The coated substrate is then dried. 
The dry coated substrate is irradiated within a ‘certain 

chosen range. This is preferably accomplished by subjecting 
the dry substrate to ionizing radiation, such as X-‘rays or‘elec 
trons. A change occurs in the nickel hypophosphite as a result 
of this irradiation. This change is similar to‘that which‘occu'rs 
when silver halide photographic emulsions are ‘exposed to 
light to form latent images. As a result, deposition ‘of the 
nickel on the exposed areas is accomplished upon contact 
with a developing solution. 
The developer is composed of ammoniacal nickel-‘salt solu 

tion containing a hypophosphite ion. However, if ‘a catalyti 
cally active nickel is desired, the ‘developer is simply ‘dilute 
aqueous ammonia. 
The nickel deposits only in the areas exposed to radiation. 

By using a suitable mask that is opaque to radiation, ‘selective 
deposition of nickel on a substrate can be accomplished to 
provide printed circuits. 

Test samples were prepared to better illustrate the inven 
tion. In the ?rst sample, ?lter paper of medium porosity was 
dipped in a solution having the followin'gcon'iposition: 

Nickel hypophosphite 

Concentrated aqueous ammonia 
(28 to 30% NHn) 
Mucilage 

l8 ml. 
10 ml. 

The treated paper was masked with variable thicknesses of 
ordinary paper. The masked paper was irradiated with 65 KV 
X-rays for a predetermined time to avoid overexposure. 

Subsequent to exposure the paper was developed in an 
aqueous solution containing: 

Nickel (ll) Sulfate or Nickel (ll) 
7 Chloride O.l molar 

Sodium Hypophosphite NaHJ’O, 0.2 molar 
Ammonia 1.0 molar 

20 

25 

35 

.40 

50 

55 

60 

70 

The development of an image was complete in less than l 
minute. After development the paper containing the nickel 
image was washed in water to remove excess developer. The 
image exhibited tonal gradations'according to the thickness of 

thernask. 
The treated ?lter paper was given a short exposure of less 

than 30 seconds to l MeV'electrons at a beam density of 
about 0.5 microamp per square centimeter. This produced an 
image similar to that produced by the 65 KV X-rays. 

In another sample the filter paper‘ treated as described in the 
first sample was masked with a ?ne wire screen and exposed to 
65 KV X-rays. Upon development a sharp, ?nely detailed 
image formed in the exposed areas. 
A pattern was made by removing lead oxide from a lead 

oxide coated ?lter paper. The resulting pattern was used as a 
mask.‘Using the same procedure as in the'previous samples a 
sharp black nickel image of the scratched pattern was ob 
tained. 
A smooth glass plate was coated by brushing on the nickel 

hypophosphite solution prepared in the ?rst example. The 
coated plate was permitted to dry at room temperature. The 
dry coated'plate was exposed to 65 KV X-rays and developed 
as in Example 1. A strong adherent nickel mirror formed on 
the glass plate. This mirror had the ability of being polished on 
the coated side.. Similar results were obtained using 1 MeV 
electrons as a radiation source. 

Catalytically active nickel distributed throughout a thick 
blotting paper was obtained by immersing the blotting paper 
in the following solution: 

Nickel hypophosphite 
Ni(H;PO,)¢'6H,O l0 grams 
Concentrated aqueous ammonia 
(28 to 30% NH;,) 25 ml. 

The blotting paper was allowed to dry at room temperature. 
The dry treated specimen was irradiated with 1 MeV electrons 
for about 30 minutes with a current density of about ‘0.5 
microamp ‘per-square centimeter. The irradiated paper was 
then developed in dilute aqueous ammonia which caused the 
deposition of the ‘nickel by decomposition of the irradiated 
nickel hypophosphite already present in the substrate. The 
blotting ‘paper containing the active nickel showed good cata 
lytic ‘properties in promoting the 'Cannizzaro reaction and in 
"the decomposition of alkaline sodium hypophosphite solu 
tions. A typical analysis of the nickel impregnated blotting 
paper prepared by ‘this ‘method showed it contained 56 ‘per 
cent nickel by weight. 
What is claimed is: I 
'1. A method ‘of forming permanent nickel prints in an im 

proved photographic process comprising the steps of 
coating a substrate with an irradiation sensitive nickel 

hypophosphite solution, 
drying said coated substrate, 
irradiating predetermined portions of said substrate to form 

a latent image, and 
contacting said irradiated substrate with a developing solu 

tion to deposit nickel in said predetermined portions. 
2. A method 'as claimed in claim 1 wherein the substrate is 

ceramic. 
3. A method as claimed in claim 1 wherein the substrate is 

'p‘orous‘paper. - 
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4. A method as claimed in claim 1 wherein the substrate is 
glass. ' 

5. A‘method as claimed in claim 1 wherein the irradiation is 
X-rays. 

6. A method as claimed in claim 1 wherein the irradiation is 
ionizing particles. 

7. A method as claimed in claim 1 wherein the‘ nickel 
hypophosphite solution is an ammoniacal nickel-salt solution 

l0 

15 
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75 

4 
containing a hypophosphite ion. : 

8. A method as claimed in claim 1 wherein the developing 
solution is a solution of dilute aqueous ammonia. 

9. A method as claimed in claim 1 including the step of 
masking predetermined portions of the substrate with a 
material that is opaque to radiation. ' 


