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ABSTRACT OF THE DISCLOSURE 
An improved process for chemical plating with alkaline 

aqueous plating baths containing a nickel and/or cobalt 
salt, _a primary complexing agent such as ethylene 
diamine and a boron hydride compound is disclosed. The 
improvement is directed to the regeneration of such plat? 
mg baths, the same to be carried out in the plating bath 
itself and without interrupting the process. The improve 
ment in accordance with the invention lies in the teach 
ing to add to the bath during the plating process an 
aqueous solution containing a secondary complex form 
mg agent, the same being characterized in that it is 
volatile at the temperature at which the plating operation 
is being carried out; the primary complexing agent not 
being volatile at such temperature and further the sec 
ondary complexing agent being characterized in that it 
forms less stable complexes with the metal salt than does 
the primary complexing agent, together with a metal 
salt, i.e., nickel and/0r cobalt salt. 

The present invention relates to a process for the re 
generation of plating baths, containing boron hydride 
compounds as reducing agents. 

It is an object of the present invention to provide a 
new and highly economic process for the regeneration 
of chemical plating baths containing boron hydrides as 
reducing agents. 

It is another object of the present invention to provide 
a process for the regeneration of plating baths which can 
be performed in the baths itself. 

It is still another object of the present invention to 
provide a process for the regeneration of plating baths 
which can be carried out without interrupting the plating 
process. 

> Still further objects of the present invention will be 
come apparent as the following description proceeds. 
> In chemical nickel or cobalt plating with the aid of 
boron hydride compounds, especially the easily accessible 
sodium borohydride as reducing agent plating baths are 
used which contain, in addition to the reducing agent a 
nickel or cobalt salt, e.g. chloride, a complex forming 
agent, e.g. ethylene diamine, and an alkali metal hy 
droxide, e.g. sodium hydroxide as well as stabilizers etc. 
During the deposition of metal, the bath becomes en 

riched in alkali metal borate and alali metal salt (chlo 
ride) while the content of nickel salt and reducing agent 
falls. To maintain optimum conditions for plating the 
bath must constantly be replenished with the reducing 
agent and with the metal to be deposited, added in the 
form of its complex salt, and at least a part of the by 
products must be removed. According to Belgian patent 
speci?cation 618,098, this may suitably be done by con 
tinuously removing from the plating bath a relatively 
small quantity of the bath liquid, removing borate and 
chloride from this by treating it with a solution of an 
alkaline earth metal salt and then adding nickel salt, 
alkali metal hydroxide and if necessary complex-form 
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2 
ing agents; the regenerated solution can then be returned 
to the plating bath. This method is particularly advan 
tageous for plants of medium to large size which operate 
continuously. In smaller units, on the other hand, which 
are operated intermittently, there is frequently a tendency 
to waive the regeneration plant and to discard the plat 
ing baths after they. have been used for some time. This 
method,‘ however, is economical only if the bath can be 
utilized to its utmost. ‘ 

The invention relates to a process for chemical plating 
with alkaline aqueous plating baths containing nickel 
and/or cobalt salts, primary complex-forming agents as 
hereinafter de?ned and boron hydride compounds‘, the 
process which comprises adding to said baths during the 
plating process an aqueous solution with a secondary 
complex-forming agent as hereinafter de?ned, said agent 
having a lower complex stability and a higher volatility 
than the primary complex~forming agents and a nickel 
and/or cobalt salt at the rate at which these metal salts 
are reduced and deposited. ' 

It has been found that a bath based on borohydride 
compounds used for chemical plating, for example a 
nickel plating bath, consisting of a solution in'aqueous 
sodium hydroxide of ethylene diamine,‘ sodium borohy 
dride and nickel chloride, optionally with the addition 
of stabilizers, e.g. lead salts, Which loses nickel salt in 
the course of the plating process but still contains about 
1 mol per litre alkali metal hydroxide and reducing agents 
can be readjusted to the starting concentration by the 
addition of an aqueous solution of nickel chloride to~ 
gether with a volatile, weaker complcx~forming agent 
and can be operated in the same way as a freshly pre 
pared bath. Suitable complex-forming agents for the 
process of inventi0n-they shall be denoted as secondary 
complex-forming agents-are all amines or their aqueous 
solutions which are volatile at the temperature at which 
the plating bath operates, 40—100° C. Accordingly e.g. 
ammonia, methylamine, dimethylamine, trimethylamine, 
ethylamine, diethylamine, n-propylamine, iso-propyl— 
amine, n-butylamine, iso-butylamine etc. can be used. 
The nickel salt/amine solution may be added to the 

bath in portions, for example after each batch has been 
plated, or the solution may be added continuously. The 
secondary complex-forming agents are used in such 
amounts that the corresponding nickel hexamine or cobalt 
tetramine complexes are formed, i.e. in molar ratios of 
Ni-amine of about 1:6 and of Co-amine of about 1:4. 
Minor deviations of these ratios are not harmful. Larger 
additions of amine are not useful for reason of economy. 
The alkali metal hydroxide which is also removed from 
the bath during the plating process is supplemented by 
the addition of a solution of alkali metal hydroxide, pref 
erably simultaneously with the reducing agent. 
As metal salts there can be used water-soluble nickel 

or cobalt salts such as nickel chloride, nickel sulfate, 
cobalt chloride or cobalt sulfate etc. 
As reducing agents there ‘can be‘ used borohydride com 

pounds such as alkali metal ‘borohydrides, preferably so 
dium borohydride, borazanes'or 'borazoles, substituted 
with hydrogen on the !boron atom. 

Fresh plating 1baths are prepared with complex~form~ 
ing agents-primary complex-forming agents-which 
form more stable complexes with nickel and cobalt salts 
than the secondary complex-forming agents and which 
agents are not volatile under the temperature conditions 
of above 40 to 100° C. used for the plating process. 
As so called primary complex-forming agents e.g. ethyl 
ene diamine, triethylene tetramine, diethylene triamine', 
tetraethylene pentamine etc. can be used. 
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No precipitation of basic nickel salt or nickel hy 

droxide occurs in this method during the addition of 
the nickel salt replacement solution in Spite of the high 
concentration of alkali metal hydroxide in the plating 
solution. There is therefore also no accumulation of 
complex~forming agents in the ‘bath which could dis 
turb the plating process. Spontaneous decomposition of 
the bath is ‘also out of question. 

Thus, for example, in a ‘bath for chemical nickel plat 
ing (volume, 1 litre) containing nickel chloride, ethyl 
ene diamine and sodium hydroxide, the nickel salt con 
centration was lowered in the course of the plating proc 
ess from an initial 7.5 g. Ni/l. to about 0.7 g. Ni/l. 
The nickel content was raised to the original value by 
the addition of a solution of 28 g. nickel chloride hexa 
hydrate in 100' ml. of an approximately 24% ammonia 
solution. In addition 9.5 g. sodium hydroxide were added. 
The apparent reduction yield, i.e. the yield correspond 
ing'to the equation 

was 35% in this replenished bath as compared with 37% 
in the original bath. A similar yield was obtained even 
after a second and third renewal of the bath. Only after 
the fourth replenishment did the reduction yield fall 
to about 26%. In case ethylene diamine was used in 
stead of ammonia as complex-forming agent in the sup 
plementing solution, the speed of deposition and hence 
also the reduction yield fell very sharply owing to the 
accumulation of complex-forming agents, and in some 
cases the plating process even came to a standstill. If 
nickel salt solutions free from complex~forming agents 
were added, the basic salt or nickel hydroxide was pre 
cipitated at the point of in?ow, which led to the de 
composition of the bath in the presence of alkali metal 
borohydride. 
Thus in a discontinuously operated plating bath it is 

possible, by the method described, to put through a 
quantity of nickel corresponding to 4 to 5 times the 
original concentration of nickel without any regenera— 
tion and without the speed of plating and the reduction 
yield being signi?cantly impaired. 
The process of the invention is, however, not limited 

to discontinuously operated baths. In fact, when con 
tinuously operating plating ‘baths are used, it is pos 
sible to put through the bath a quantity of nickel equal 
to ten times the original concentration before any re 
generation with alkaline earth metal salts according to 
Belgian patent speci?cation 618,098 becomes necessary. 

Chemical plating is simpli?ed and rendered more eco 
nomical by. the process of the invention because in spite 
of constant addition of a complex nizkel salt so'ution, 
there is no accumulation of complex forming agents in 
the plating baths which would inhibit the ‘plating process 
and continuous removal of ‘bath ?uid is unnecessary and 
regeneration of the plating bath need be carried out less 
frequently and moreover, the consumption of chemicals 
is reduced. 

Example 1 

Six chemical plating baths a, b, c, d, e and f of a 
volume of l l. and having the composilion‘s: 3O g./l. 
nickel chloride, 40 g./l. sodium hydroxide, 60 g./l. 
ethylene diamine (approximately 98%), 3 g./l. sodium 
?uoride and 0.5 g./l. sodium borohydride are heated to 
‘90° C. Four degreased and pickled iron plates each hav 
mg a surface area of 10 x 10 cm. are suspended in 
each bath. .The lead chloride solution containing 2 g. 
PbClz per litre is added dropwise at the rate of 40 
ml./h. Portions of 0.5 g. sodium borohydride disso‘ved 
in approximately 50 ml. cooled bath solution are added 
to the plating bath at half-hourly intervals. Approxi 
mately 6 g. nickel have been deposited on the iron plates 
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from each plating bath after 3 hours. The concentra 
tion of nickel has thus dropped to 20% of the original 
value in each bath. 

Six portions of 24 g. nickel chloride (NiCl2-6H2O) 
are now dissolved each in 50 ml. water and the nickel 
salt solutions are introduced, with cooling, into the vari 
ous baths as follows: For bath a into 100 ml. 35% 
methylamine, for bath [2 into 200 ml. 40% dimethyl 
amine, for bath 0 into 200 ml. 45% trimethylamine, 
for bath d into 200 ml. 40% ethyla-mine, for bath e 
into 200 ml. 65% isopropylamine and for bath 1‘ into 200 
ml. 96% n-butylamine. A clear solution is obtained only 
when the nickel salt solution is poured into methyl 
amine. By adding this nickel-amine complex salt solu 
tion or suspension to the plating baths which have been 
cooled to room temperature, the nickel salt in the baths 
is readjusted to the original concentrations. The bath 
liquors obtained need not be ?ltered. 

After heating to about 93° C., 0.5 g. sodium boro 
hydride dissolved in about 50 ml. bath liquor is added 
to all the baths and four iron plates are again suspended 
in each bath and plated for 3 hours as in the original 
bath. In all the six baths, the quantity of nickel deposited 
on the iron plates during this time is equal to the quan 
tity deposited from the freshly prepared plating baths. 
All the plated baths had a smooth and bright Ni-B 
coating. 

ExampleZ 

1 l. of a chemical plating bath consisting of 33 g./l. 
nickel sulfate, 87 g./l. triethylene tetramine and 40 g./l. 
sodium hydroxide is heated to 95° C. and two brass plates 
‘and two copper plates each having a surface of 10 cm. 
x10 cm. are suspended in the bath and 0.6 g. NaBI-L, 
dissolved in about 50 ml. bath solution is ‘added. 20 
ml. lead chloride solution containing 2 g. PbClz per 1. and 
0.6 g. sodium borohydride dissolved in 50 ml. bath solu 
tion are added at 20 minute intervals to the plating bath. 
Plating is continued for a period of 3 hours. 4.75 g. Ni-B 
alloy are deposited on the four plates at the end of this 
time. 22.8 g. nickel sulfate (NiSO4-7H2O') are then dis 
solved in 50 cc. water and poured into 100 cc. ammonia 
solution (approximately 25% NH3). The nickel amine 
sulfate is then added to the plating bath, the bath is heated 

;~ to the plating temperature and nickel plating is continued 
as described above. In the course of 3 hours, 4.90 g. Ni~B 
alloy are deposited on the plates. The coatings are smooth 
and bright. 

Example 3 

0.6 g. sodium borohydride dissolved in 50 ml. bath 
solution is added to 1 litre of a plating bath of the com 
position 30 g./l. nickel chloride, 40 g./l. sodium hy 
droxide, 60 g./l. ethylene diamine (98%) and 10 g./l. 
sodium fluoride, which is heated to 90° C., and two iron 
and two brass plates each having a surface of 10 cm. 
x 10 cm. are suspended in the bath. 20 ml. of a lead 
acetate solution containing 2 g. Pb(CH3COO)2 per litre 
is continuously added dropwise over a period of 30 min 
utes. 0.6 g. NaBH4 dissolved in approximately 50 ml. 
bath solution is added to the bath at half-hourly intervals. 
The plating time is 3 hours. At the end of this time, a 
total of 5.99 g. Ni-B alloy has been deposited on the 
plates. The plating bath is replenished by the. addition of 
1300 cc. of a solution containing 24 g. NiCl2-6H2O and 
80 cc. conc. ammonium solution (approximately 25% 
NHg). The alkali content of the plating bath is read 
justed with 40 cc. of sodium hydroxide solution containing 
200 g. NaOH per 1. Nickel plating is then continued for 
3 hours. The plated plates are then weighed back and 
the bath, which is now poor in nickel and alkali, is again 
replenished as described above and plating is again con 
tinued. This process is repeated altogether ?ve times. The 
deposition of nickel over a plating time of 3 hours is in 
each case as follows. 
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Quantity of Ni-B 

Plating time in hours: alloy deposited g. 
0—3 ______________________________ __ 5.9879 

( 1) Replenishment of bath, 3-6 ______ __ +5.8720 
(2) Replenishment of bath, 6—9 ______ __ +5.9683 
(3) Replenishment of bath, 9-12 ____ __ +5.9351 
(4) Replenishment of bath, 12-15 -__-.. +4.8972 
(5) Replenishment of bath, 15-18 ____ __ +4.3296 

No decomposition of the bath occurs during plating. The 
plating bath need not be ?ltered. The coatings obtained 
on the plates are smooth and bright. 

Example 4 

A chemical plating bath (volume 1 l.) of the composi 
tion 30 g./l. nickel chloride, 40 g./l. sodium hydroxide, 
60 g./l. ethylene diamine, 10 g./l. sodium ?uoride and 
0.6 g./l. sodium borohydride is operated at 90° C. Four 
metal plates each having a surface of 10 cm. x 10 cm. are 
suspended in the bath. 
The following are added continuously during plating: 

40 ml./h. of an aqueous solution of—- G./l. 
Sodium borohydride __________________ __ 52.5 
Sodium hydroxide‘ _____________________ __ 117.5 
Lead acetate _________________________ __ 4.0 

80 ml./ h. of a solution of— 
Nickel chloride _______________________ -__ 157.0 
Ammonia conc. (approximately 25%) _____ 500.0 

The borohydride content in the plating bath is con 
trolled by removing samples of 5 ml. bath solution at 
intervals of 30 minutes. The lowered bath concentration 
regarding the ethylene diamine and sodium ?uoride 
eifected by the control samples is equalized by a corre 
sponding addition. In open plating baths, the evapora 
tion loss is 150 mL/h. and the plating time 25 hours. 
During this time, 73.50 g. Ni-B alloy were deposited. 
This corresponds to an average plating velocity of ap 
proximately 9.5 u/h. (density of the Ni-B alloy 7.8). 
The coatings obtained are smooth and bright. 

Example 5 

It is desired to coat chemically with an Ni-B alloy the 
inner walls of two steel pressure ?asks provided with 
closure caps, as Well as the thread of the valves and the 
outer surfaces on which the caps sit. 
For this purpose a closely ?tting rubber tube about 15 

cm. long is pulled as a support over the thread for the 
closure cap. The surface to be plated is ?rst treated for 
20 minutes at 90° C. with an alkaline degreasing agent, 
pickled for about 10 minutes with half concentrated hy 
drochloric acid and again rinsed. The steel ?ask is then 
placed in the hot Water bath and ?lled with 11 l. of plating 
solution of the following composition, which is heated to 
‘about 90° C.: 

G./l. 
Nickel chloride _____________________________ __ 30 
Sodium hydroxide 40 
Ethylene diamine (98%) ____________________ _.. 60 
Sodium ?uoride ____________________________ __ 3 
Lead acetate __ -__ 0.3 

Sodium borohydride ________________________ __ 0.7 

The plating temperature is 90 to 91° C. 60 g. NaBH4 
in which approximately 200 cc. plating liquid are dis 
solved and 100 cc. lead acetate solution containing 3 g. 
lead acetate per litre are introduced in each case after 
20 minutes through a glass funnel whose outlet level is 
adjustable. The plating time is 2.5 hours. 
When plating is ?nished, the plating liquid is run oif. 

The steel ?ask is rinsed several times and then dried. Anal 
ysis of the depleted bath liquor indicated 1.2 g./l. 
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NiCl2-6H2O. The used plating bath liquor is readjusted 
to the original concentration of 30 g. NiCl2-‘6H2O per 
litre by the addition of 317 g. nickel chloride dissolved 
in 1 litre conc. ammonia solution. The solution thus ob 
tained is heated in the course of about half hour to 
80° C. 6 g. NaBHIi are added and the solution is then 
?lled into another steel ?ask which has been carefully 
degreased, pickled and rinsed and preheated in the water 
bath. 

Plating is carried out as described above. After a nickel 
plating time of 2.5 hours, no more nickel can be detected 
in the plating solution. 

Here again the Ni-B coating deposited on the inner 
wall of the ?ask is smooth, even and bright. The thick 
ness of the layer is approximately 25p. 
We claim: 
1. In a process for chemical plating with an alkaline 

plating :bath containing a metal salt selected from the 
group consisting of nickel and cobalt salts, a primary 
complex forming agent selected from the group consist 
ing of poly lower alkylene polyarnines and a boronhy 
dride compound, the improvement which comprises add 
ing to said bath during the plating process an aqueous 
solution containing a secondary complex forming agent 
selected from the group consisting of ammonia, mono-, 
di- and trialkyl amines, said secondary complexing agent 
being volatile at the temperature at which said plating 
process is being carried out, said primary complexing 
agent not being volatile at said temperature, said primary 
complexing agent forming more stable complexes with 
said metal salt than said secondary complexing agent and 
a metal salt selected from the group consisting of nickel 
and cobalt salts at a rate at which said metal salt is re 
duced and deposited. 

2. ‘Improvement according to claim 1 wherein said 
secondary complexing agent is selected from the group 
consisting of amines having from 1 to 4 carbon atoms 
and a boiling point of less than 100° C. 

3. Improvement according to claim 1 wherein said 
boronhydride compound is sodium borohydride. 

4. Improvement according to claim 1 wherein said 
secondary complexing agent is a member selected from 
the group consisting of methylamine, dimethylamine, tri 
methylamine, ethylamine, diethylamine, N-propylamine, 
isopropylamine, N-butylamine and isobutylamine. 

5. Improvement according to claim 1 wherein said 
process is effected at a temperature of from 40 to 100° C. 

6. Improvement according to claim 1 wherein said salt 
is a member selected from the ‘group consisting of nickel 
chloride, nickel sulfate, cobalt chloride and cobalt sulfate. 

7. Improvement according to claim 1 wherein said 
primary complexing agent is ethylene diamine and said 
secondary complexing agent is methylamine. 

8. Improvement according to claim 1 wherein said pri 
mary complexing agent is triethylene tetraamine and said 
secondary complexing agent is ammonia. 

9. ‘Improvement according to claim 1 wherein said pri 
mary complexing agent is ethylenediamine and said sec 
ondary complexing agent is ammonia. 
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