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This invention relates to the direct nickel plating of 
metallic objects, more especially of zinc alloy die 
castings. 
The established practice for nickel plating Zinc alloy 

die-castings involves the deposition of a primary copper 
coating directly upon the zinc alloy, nickel being subse 
quently plated upon the copper. It is thought that this 
copper coating has little protective value, and it may be 
detrimental to the ?nal plate since diffusion of copper into 
the zinc alloy is possible, and this would adversely a?ect 
the quality of the die-cast product. Any fault in the 
copper layer may cause subsequent blistering of the 
nickel plate and failure of the plated zinc alloy die‘ 
casting. It is therefore an object of this invention to 
plate zinc-alloys directly with nickel without an inter 
mediate copper layer. 
Some slight success in this direction has previously 

been attained with the use of plating solutions of nickel 
sulphate at a pH of about 6. Under these acid condi 
tions zinc tends to go into'the solution, either by acid 
attack, or by the formation of displacement coatings of 

. nickel; in each casethe effect on the ?nal electro-deposit 
is very detrimental. The tendency ‘for zinc to dissolve is 
accentuated at cavities in the casting (when the throwing 
power of the solution is poor), while in solutions with a 
reasonable throwing power, burning has occurred at 
points where the current density is high. All this has 
meant that only castings of comparatively simple design 
could be directly nickel plated under acid conditions. 

It is known from US. Patent No. 2,069,566 that zinc 
may be directly plate with nickel under alkaline condi 
tions. A nickel sulphate solution is used, together with 
additions of citric acid, sodium pyrophosphate, sodium 
‘bisulphite, sodium citrate and sodium chloride. 
is maintained at 7.5-9.0 with ammonia. This bath ap 
pears to have good throwing power, and to be free from 
burning, with a better‘ toleration for zinc than plating 
solutions with low pH values. However, the presence of 
much sodium in the solution is believed to cause stresses 
in the deposit. The citric acid included in the solution 
would be expected to precipitate, as Zinc citrate, any 
zinc which went into solution. However, this does not 
occur in the presence of ammonia, and the quality of the 
plate would be adversely-affected by the zinc remaining 
in solution. 
The present invention consists in the method of de 

positing nickel directly on to zinc alloy die-castings from 
alkaline solutions of nickel citrate. In such solutions, 
nickel citrate acts as both the source of nickel and as 
the complexing agent necessary to maintain solubility in 
alkaline solution. 
Although a good dull deposit may be obtained from 

an alkaline solution of nickel citrate alone, other agents 
may be present in the solution to improve the quality of 
the product. For example a chloride may be added to 
improve anode corrosion, sodium citrate to help main 
tain solubility and nickel formate to improve the quality 
of the deposit. ‘ 

If brighter deposits are desired formaldehyde and 
‘saccharin may be added as brightening agents. 

Alternatively, the original dull deposit of nickel may 
be used as a basis for a bright nickel deposit from a 
conventional acid bath. Thus, the invention further con 

The pH' 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

2 
sists in depositing a nickel layer from alkaline solution 
of nickel citrate to act. as a basis for a bright nickel 
deposit from an acid solution. 

Dull deposits of nickel from a nickel citrate solution 
have a columnar structure, giving the well known “du 
plex” effect when 'overplated with a bright deposit, tag. 
from an acid nickel bath. This “duplex” effect gives 
improved corrosion resistance. 
The concentrations which may be added lie within 

certain ranges according to the product required. For a 
simple dull deposit of good appearance the following 
reagents may be used: 

g./l., preferably 148 g./l. Citric acid _____ _'___ 120-175 

Nickel carbonate to 
saturation. 

NiCl26H2O ______ __ 10-20 g./l., preferably 13 g./l. 
Sodium citrate ____ __ 15-25 g./l., preferably 17 g./l. 

This solution is maintained at a pH of 7.0-7.5 with 
sodium hydroxide using a current density of 30-70 
amps/n.2, the temperature being in the range 55-65 ° C. 
A less dull deposit may be obtained from a bath of the 

above constituents, by the addition of between 10 and 40 
g./l. of nickel formate, preferably 13 g./l. Also a fully 
bright deposit may be obtained by the further addition 
to the above bath, of formaldehyde solution in the range 
2-5 g./l., preferably 3. g./l., and between 0.2 and 1.0 
g./l. of saccharin. . 

The concentrations of reagents per litre preferred for 
giving the deposit of nickel to act as a basis for over 
plating from an acid solution are: 

Citric acid ____________________ __ 152 gm. to 186 gm. 
Nickel (as carbonate) __________ __ 64 gm. to 78 gm. 
Sodium citrate _________________ _. 36 gm. to 47 gm. 
Nickel chloride ________________ __ 20 gm. to 25 gm. 
Nickel formate ________________ __ 15 gm. to 20 gm. 
Sodium hydroxide ______________ __ 34 gm. to 42 gm. 
pH (with NaOl-I) to at least 7.7. . 
Current density ________________ __ 20-45 amps./ft.2. 
Temperature ________________ 2.1--. 55 °—65 ‘’ C. 

In the concentration ranges quoted above the molar 
ratio of nickel to citrate must be about 3 :2, and the moles 
of sodium hydroxide present must be at least equivalent 
to the moles of citrate. Thus it may be understood that 
the ?gure quoted at the lower, end of the citric acid range 
is associated by the molar ratio of 3:2 with the lower 
end of the nickel range in order to produce nickel 
citrate. 
The invention may be further described with reference 

to the following examples. 

Exa'mplel 
Zinc alloy die-castings were plated in a bath con 

taining: 
‘ . G./l. 

Citric acid _________________________________ __ 148 
Nickel carbonate to saturation. 
NiCl26H2O _______ _; _______________________ __ 13 

Sodium citrate ______________________________ __ 17 

65 

70 

The pH value was maintained at 7.0-7.3 with NaOH, 
the current density was.40 amps/ft.2 and the tempera 
ture was 60° C. The nickel deposit was dull, of good 
appearance, and more ductile than that obtained from 
solutions according to the prior art. 
A vbright deposit of nickel was obtained ‘when zinc al 

loy die—castings were plated in the same bath With addi 
tions of nickel formate (l3 g./l.), formaldehyde solution 
(3 g./l.) and saccharin (0.5 g./l.). 
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Example II 
Zinc alloy die-castings were plated in a bath containing: 

Grns./litre 
Citric acid ________________________________ a- 169 

Nickel (as carbonate) ______________________ __ 71.2 
Sodium citrate _____________________________ __ 36.2 

Nickel chloride ____________________________ __ 20 

Nickel formate ____________________________ __ 15 

Sodium hydroxide __________________________ __ 37.2 

The pH was maintained at above 7.7, the current den 
sity was 30 amps/ft.2 and the temperature was 60° C. 
The same ?nal composition, i.e. the preferred composi 
tion may be obtained by using the following reagents: 

Gms./litre 

Citric acid ________________________________ __ 195 

Nickel (as carbonate) ______________________ __ 71.2 
Nickel chloride ________ _; __________________ __ 20 

Nickel formate _____________________________ __ 15 

Sodium hydroxide __________________________ __ 52 

In this case additional NaOH is required to neutralise 
the excess citric acid added to form sodium citrate. 

Using this solution a good deposit is obtained, suitable 
as a primary deposit in place of the usual copper layer 
over which a further thickness of nickel is deposited from 
a conventional acid nickel bath. 

This alkaline citrate solution has a much better throw 
ing power than a conventional acid nickel bath, thus 
making it very suitable for the initial deposit on a zinc 
alloy die-casting. 

Example III 

‘A polished Zinc alloy die-casting was plated at 30 
amps/ft.2 to a thickness of 0.3-0.4 mil in the solution of 
Example II. The sheet was then overplated in a com 
mercial acid “bright” nickel bath at 60 amps/ft.2 to a 
total nickel thickness of 1.0-1.1 ‘mil. The ?nal appear 
ance was fully bright and shinning. 

Example IV 
The addition of 3-4 ml./litre of 40% formaldehyde 

solution and 0.2-1.0 gm./litre of saccharin to the solu 
tion of Example II results in a fully bright deposit. This 
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deposit has been obtained in layers of up to 1.0 mil of 
an inch thick. 
We have been able to use current densities of from 

20 to 70 amps/ft.2 whichare higher values than those 
said to be possible in US. Patent 2,069,566. 

It is worthy of note that the addition of ammonia to 
the solution preferred for plating with a dull deposit raises 
the pH to 9.5 to 10.5. This results in an improved cur 
rent density range of from 20-80 amps/ft.2 and an ef_-_\ 
?ciency of 100%. The deposit produced is semi-bright 
and suitable for overplating with a conventional acid” 
nickel plate. ‘ 

It is to be understood that while this invention par 
ticularly relates to nickel plating directly on to Zinc 
alloy die castings, it may also apply to nickel plating on 
steel or brass objects. 

Various modi?cations may be made Within the scope 
of the invention. 

I claim: 
1. In a solution for electrolytically depositing nickel, 

the improvement comprising 120 to 175 mg./l. of citric 
acid, nickel carbonate to saturation, 10 to 20 gm./l. of 
nickel chloride hexahydrate, 15 to 25 gm./l. of sodium 
citrate with a pH value maintained at 7.0-7.5 with sodium 
hydroxide, 10 to 40 grn./l. of nickel formate, 2 to 5 gm./l. . 
of formaldehyde and 0.2 to 1.0 gm./-l. of saccharin. 

2. In a solution for electrolytically depositing nickel, ‘ 
the improvement comprising 120 to 1715 gm./l. of citric 
acid, 64 to 78 g-m./l. of nickel carbonate, 36 to 47 gm./l. ; 
of sodium citrate, 20 to 25 gm./1. of nickel chloride, 34 
to 43 gm./l. of sodium hydroxide 10-40 gm./1. of nickel 
formate, 2 to 5 gm./l. of formaldehyde and 0.2 to 1.0 
gm./l. of saccharin. 
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