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The present invention relates to processes of continuous 
chemical nickel plating of catalytic materials; and it is the 
general object of the present invention to provide an im 
proved process of the general character of that disclosed 
in the copending application of Paul Talmey and Willian 
J. Crehan, Serial No. 299,784, filed July 19, 1952, now 
Patent No. 2,717,218. 
The chemical nickel plating of a catalytic material em 

ploying an aqueous bath of the nickel cation-hypophos 
phite anion type is based upon the catalytic reduction of 
nickel cations to metallic nickel and the corresponding ox 
idation of hypophosphite anions to phosphite anions with 
the evolution of hydrogen gas at the catalytic surface. 
The reactions take place when the body of catalytic mate 
rial is immersed in the plating bath, and the exterior sur 
face of the body of catalytic material is coated with nickel. 
The following elements are catalytic for the oxidation of 
hypophosphite anions and thus may be directly nickel 
plated: iron, cobalt, nickel, ruthenium, rhodium, palladi 
um, osmium, iridium and platinum. The following ele 
ments are examples of materials which may be nickel 
plated by virtue of an initial displacement deposition of 
nickel thereon either directly or through a galvanic effect: 
copper, silver, gold, beryllium, germanium, aluminum, 
carbon, vanadium, molybdenum, tungsten, chromium, Se 
lenium, titanium and uranium. The following elements 
are examples of non-catalytic materials which ordinarily 
imay not be nickel plated: bismuth, cadmium, tin, lead 
and zinc. The activity of the catalytic materials varies 
considerably and the following elements are particularly 
good catalysts in the chemical nickel plating bath: iron, 
cobalt, nickel and palladium. The chemical nickel plat 
ing process is autocatalytic since both the original Surface 
of the body being plated and the nickel metal that is de 
posited on the surface thereof are catalytic; and the re 
duction of the nickel cations to metallic nickel in the plat 
ing bath proceeds until all of the nickel cations have been 
reduced to metailic nickel, in the presence of an excess 
of hypophosphite anions, or until all of the hypophosphite 
anions have been oxidized to phosphite anions, in the 
presence of an excess of nickel cations. 

In a batch plating process, the reactions are slowed 
down rather rapidly as time proceeds because the anions, 
as contrasted with the cations, of the nickel salt that is dis 
solved in the plating bath combine with the hydrogen cat 
ions to form an acid, which, in turn, lowers the pH of 
the bath; and the reducing power of the hypophosphite 
anions is decreased as the pH value of the bath de 
creases. 
On the other hand, in a continuous plating process, the 

reactions are maintained substantially at their initial rates 
by the regeneration of the plating bath; i.e., by the adding 
thereto of soluble nickel-containing and hypophosphite 
containing reagents, as well as an alkalizing reagent for 
pH control. Thus the regeneration of the bath during 
the plating of the catalytic material maintains not only the 
desirable nickel cation concentration and hypophosphite 
anion concentration, but also preserves the most advan 
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tageous pH of the plating bath to assure a high plating 
late. - 

In the previously-mentioned Talmey and Crehan appli 
cation, there is disclosed a continuous nickel plating proc 
eSS and system that is particularly well-suited to com 
mercial production; which system involves periodic or 
continuous regeneration of the plating bath by the addi 
tion thereto of appropriate ingredients for the purpose of 
maintaining substantially constant both the fundamental 
composition and the pH thereof. More specifically, in 
this system, there are provided a reservoir, a condenser, 
a plating chamber, primary and secondary vacuum flash 
tanks and primary and secondary steam jet pumps. In 
the System, a first portion of the plating solution is stored 
at a relatively low temperature well below the boiling 
point thereof and at a relatively high concentration in the 
reservoir; and a second portion of the plating solution is 
held as a bath at a relatively high temperature slightly be 
low the boiling point thereof and at a relatively low con 
centration in the plating chamber. In the system, the 
plating solution is pumped from the reservoir into the 
condenser and therein it is subjected to the discharge of 
the primary steam jet pump, the primary steam jet pump 
also communicating both with a source of high pressure 
steam and with the primary vacuum flash tank; whereby 
water vapor is withdrawn from the plating solution in 
the primary vacuum flash tank and is combined with the 
steam and projected into the condenser; whereby the plat 
ing solution in the condenser is both heated substantially 
to the desired temperature and diluted substantially to the 
desired concentration. From the condenser, the plating 
solution is conducted into the plating chamber and thence 
into the primary vacuum flash tank. In the primary vac 
uum flash tank, the plating solution is subjected to 
an initial concentration by the withdrawal of water 
vapor therefrom; which water vapor is supplied to the 
primary steam jet pump, as noted above. From the 
primary vacuum flash tank, the plating solution is 
conducted into the secondary vacuum flash tank; where 
by further water vapor is withdrawn therefrom by 
the secondary steam jet pump and discharged to the 
atmosphere so that the plating solution thus con 
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centrated is returned to the reservoir and recirculated. In 
the primary and secondary vacuum flash tanks, the plating 
solution is concentrated, as noted above, and is also cooled 
to the desired temperature before the return thereof to 
the reservoir. In the system, the removal of the water 
vapor from the plating solution in the secondary vacuum 
flash tank, and the discharge of this water vapor to the 
exterior, compensates for the water that is added to the 
plating solution in the condenser as a result of the oper 
ation of the primary steam jet pump; whereby there is no 
continuous and undesirable build-up of water in the cir 
culated plating solution. Further, the reservoir is ar 
ranged to provide a storage compartment and a communi 
cating regeneration compartment, the plating solution 
being returned from the secondary vacuum flash tank into 
the regeneration compartment and being supplied to the 
condenser from the storage compartment. Further in the 
system, the previously-mentioned ingredients that are em 
ployed for the purpose of regenerating the plating solution 
are added thereto in the regeneration compartment of the 
reservoir in order to insure proper and thorough dissolv 
ing and mixing thereof prior to transfer into the storage 
compartment and subsequent circulation of the plating 
solution in the system. Finally, in the system, the body 
of catalytic material that is to be nickel plated, or a series 
of such bodies, are immersed in the plating chamber and 
subsequently withdrawn therefrom after a time interval 
corresponding to the thickness of the nickel plating there 
on that is desired. 
A number of suitable aqueous chemical nickel plating 
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baths of the nickel cation-hypophosphite anion type that 
may be employed in the continuous nickel plating system 
of the Talmey and Crehan application are disclosed in 
U. S. Patent No. 2, 658,841, granted on November 10, 
1953, to Gregoire Gutzeit and Abraham Krieg, and U. S. 
Patent No. 2,658,842, granted on November 10, 1953, to 
Gregoire Gutzeit and Ernest J. Ramirez, and in the co 
pending application of Gregoire Gutzeit, Paul Talney and 
Warren G. Lee, Serial No. 376,968, filed August 27, 1953, 
now abandoned. In the continuous plating System, the 
plating baths disclosed in the Gutzeit, Tainey and Lee 
application are preferred both from the standpoint of 
economy and of performance; and three examples of such 
aqueous plating baths may be designated: The malic acid 
lactic acid-succinate bath, the malic acid-glycine bath and 
the malic acid-succinate bath. 
A typical malic acid-lactic acid-succinate plating bath 

comprises: an absolute concentration of hypophosphite 
anions in the range 0.15 to 1.20 moles/liter; a ratio be 
tween nickel cations and hypophosphite anions in the 
range 0.25 to 1.60; an absolute concentration of malic 
acid anions in the range 0.04 to 0.20 mole/liter; an abso 
lute concentration of lactic acid anions in the range 0.04 
to 1.00 mole/liter; the total quantity of the malic acid 
anions and the lactic acid anions are sufficient to complex : 
at least 100% of the nickel cations; an absolute concen 
tration of succinate acid anions of at least 0.04 mole/liter; 
and a pH within the range 4.5 to 7.0. 
A typical malic acid-glycine plating bath comprises: an 

absolute concentration of hypophosphite anions in the 
range 0.15 to 1.20 meles/liter; a ratio between nickel cat 
ions and hypophosphite anions in the range 0.25 to 1.60; 
an absolute concentration of malic acid anions sufficient 
to complex at least 100% of the nickel cations; and an 
absolute concentration of glycine anions of at least 0.04 : 
mole/liter; and a pH within the range 4.5 to 9.5. 
A typical malic acid-succinate plating bath comprises: 

an absolute concentration of hypophosphite anions in the 
range 0.15 to 1.20 moles/liter; a ratio between nickel 
cations and hypophosphite anions in the range 0.25 to 
1.60; an absolute concentration of malic acid anions suffi 
cient to complex at least 100% of the nickel cations; an 
absolute concentration of succinate anions of at least 0.04 
mole/liter; and a pH within the range 4.5 to 6.0. 

In the formulation of any one of these plating baths, 
an aqueous solution is prepared of the ingredients named; 
the nickel cations may be derived from nickel chloride, 
nickel sulfate, etc., or various combinations thereof; the 
hypophosphite anions may be derived from sodium, potas 
sium, etc., hypophosphites, or various combinations there 
of; the other additives are introduced into the bath nor 
mally as the acids, or as the solubie salts thereof, etc.; and 
the desired pH of the bath is established by the eventual 
introduction thereinto of an acid or a base, as required; 
hydrochloric acid and sodium hydroxide being recom 
mended, as a matter of economy and simplicity. 

In the compositions of the various plating baths, the 
terms "cation,” “anion” and “ion,” as employed, include 
the total quantity of the corresponding elements that are 
present in the plating bath; i. e., both undissociated and 
dissociated material. in other words, 100% dissociation: 
is assumed when the terms noted are used in connection 
with molar ratios and concentrations in the plating bath. 

In carrying out the continuous process of the Tamey 
and Crehan application, the matter of the regeneration of 
the aqueous plating solution in the regeneration compart 
ment of the reservoir is simple in principle, but exceed 
ingly tedious in practice, as the quantities of ingredients 
-that must be supplied thereto have to be determined either 
largely from experience or from elaborate calculations 
involving the pH deviation thereof and the weight of the 
nickel plating that has been laid down or deposited there 
from upon the catalytic body or bodies. Moreover, in 
this regeneration of the plating solution, the utilization of 
experience as a guide is subject to considerable hvilian er 
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ror, while the utilization of calculations is subject to er 
rors by virtue of the difficulty of estimating the total 
weight of the nickel plating laid down, since normally in 
a commercial operation, the catalytic bodies are being 
constantly placed and removed with respect to the plating 
chamber. 

Accordingly, in the carrying out on a commercial basis 
of the continuous chemical nickel plating process of the 
Talney and Crehan application, there is a great need for 
a simple and highly accurate scheme for determining the 
quantities of the required ingredients that must be en 
ployed in the regeneration compartment of the reservoir 
for the purpose of maintaining the initial composition of 
the plating solution so as to obtain the optimuin advan 
tages of a fast plating rate, a great stability, etc. 

Accordingly, it is another object of the invention to 
provide a continuous chemical nickel plating process of 
the character described that involves improved, simple 
and fast manipulative steps rendering highly accurate 
proper regeneration of the aqueous chemical plating solu 
tion. 
The present invention is predicated upon the discovery 

that as the continuous chemical nickel plating process is 
carried out, the decrease in the pH of the aqueous plat 
ing solution from its initial value is directly related, not 
only to the amount of alkalizing reagent that must be 
supplied thereto to restore the initial pH thereof, but to 
the amount of both the nickel salt and the hypophoS 
phite that must be added thereto for the purpose of re 
storing the fundamental initial composition thereof. Now 
the matter of measuring, either continuously or period 
ically, the pH of the aqueous plating Solution is a simple 
operation involving the utilization of a pH meter or con 
troller; whereby the necessary total amount of alkalizing 
reagent to be supplied to the plating solution for regen 
eration purposes may be determined either by calcula 
tion in view of the known volume of the plating Solution 
or empirically by simply adding enough alkalizing reagent 
to restore the initial pH of the plating Solution. Having 
thus established the total amount of alkalizing reagent 
that is required for purpose of regeneration of the plat 
ing solution, the total amounts of nickel Salt and hypo 
phosphite that are also required for the purpose of re 
generation are automatically established, since the re 
quired total amount of nickel salt and the required total 
amount of hypophosphite are directly related to and 
proportional to the required total amount of alkalizing 
reagent, 
Thus, in accordance with the present invention, in the 

continuous chemical nickel plating operation, the regen 
eration of the plating solution may be carried out either 
continuously or periodically, as is convenient, merely by 
following the pH meter or controller and utilizing the 
addition of alkalizing reagent as a reference for estab 
lishing the additions of nickel salt and hypophosphite. 

Further features of the invention pertain to the par 
ticular arrangement of the steps of the method, where 
by the above-outlined and additional operating features 
thereof are attained. 
The invention, both as to its organization and method 

of operation, together with further objects and advan 
tages thereof, will best be understood by reference to the 
following specification taken in connection with the ac 
companying drawing, in which the single figure is a dia 
grammatic illustration of a continuous nickel plating 
system in which the process of the present invention may 
be carried out. 

Referring now to the drawing, the continuous chemical 
nickel plating system there illustrated, and Suitable for 
the carrying out of the present process, is essentially of 
the arrangement disclosed in the previously-mentioned 
Talmey and Crehan application. More particularly, the 
system fundamentally comprises a reservoir A1, a plating 
tank or chamber 2, a condenser 13, a primary vacuum 
flash tank 14, a secondary vacuum flash tank is, a pri 
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mary steam jet pump 16, a secondary Steann jet pump. 
17, and a mechanical pump 13. The reservoir 11 in 
cludes a baffled storage compartment 19 and a commu 
nicating regeneration compartment 20, the regeneration 
compartment 20 being provided with agitator mechanism 
21 driven by an associated electric motor 22. In the 
arrangement, the inlet of the pump 18 communicates with 
the upper portion of the storage compartment 19, and the 
outlet of the pump 18 communicates with the upper por 
tion of the condenser 13. The lower portion of the con 
denser 13 communicates with the upper portion of the 
plating tank 12; and the lower portion of the plating tank 
12 communicates with the upper portion of the primary 
vacuum flash tank 14. The lower portion of the pri 
mary vacuum flash tank 14 communicates with the upper 
portion of the secondary vacuum flash tank 15; and the 
lower portion of the secondary vacuum flask tank 5 
communicates with the upper portion of the regeneration 
compartment 20. Also, the upper portion of the primary 
vacuum flask tank 14 communicates with the primary 
steam jet pump 16, that is also connected to an associated 
source of high pressure steam, not shown; and the dis 
charge of the primary steam jet pump 16 communicates 
with the upper portion of the condenser 13. Also, the 
upper portion of the Secondary vacuum flash tank 15 
communicates with the secondary steam jet pump 17, that 
is also connected to the associated source of high pressure 
steam, not shown; and the discharge of the secondary 
steam jet pump 17 communicates with the atmosphere. 
The system contains an aqueous plating solution of the 
character previously described; whereby a first portion 
of the plating solution is stored in the reservoir 11 at a relatively low temperature well below the boiling point 
thereof and in a relatively concentrated form; while a 
second portion of the plating Solution is held as a bath 
in the plating tank or chamber 12 at a relatively high 
temperature slightly below the boiling point thereof, and 
in a relatively dilute form. Of course, the composition 
of the plating solution in the plating tank 12 is that 
previously set forth and disclosed in the previously 
mentioned Gutzeit, Talmey and Lee application. . . 
In the operation of the System, the plating solution in 

the storage compartment i9 may have a temperature of 
about 150° F.; while the plating solution in the plating 
tank 12 may have a temperature of about 210 F. The 
plating solution is circulated from the upper portion of 
the storage compartment 19 by the pump. 18 into the 
upper portion of the condenser 13, wherein it is both 
heated to the required temperature of about 210 F., and 
diluted to the required concentration by the discharge : 
from the primary steam jet pump 6. The dilution of 
the plating solution in the condenser i3 is achieved not 
only by the introduction of the steam thereinto, but also 
by the introduction of the Water vapor thereinto that is 
withdrawn from the upper portion of the primary vacuun 
flash tank 14. The plating solution from the condenser 
13 is circulated into the plating tank 12 and thence into 
the upper portion of the primary vacuum flash tank 4. 
and therefrom into the upper portion of the secondary 
vacuum flash tank 15, and ultimately back into the upper 
portion of the regeneration compartment 26. in the 
primary vacuum flash tank 14, a vacuum of about 12' 
Hg is drawn by the primary steam jet pump 16; whereby 
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ing effects produced in the primary and secondary vacuum 
flash tanks 14 and 15. Also, the plating solution thus 
returned to the regeneration compartment 20 is in the 
relatively concentrated form as a consequence of the 
tandem concentrating effects produced in the primary 
and secondary vacuum flash tanks 14 and 15. Since the 
discharge of the secondary steam jet pump 17 is to the 
atmosphere, the water vapor withdrawn from the plating 
Solution in the upper portion of the secondary vacuum 
flash tank 15 prevents the build-up of water in the cir 
culated plating solution; and preferably the weight of 
steam introduced into the plating solution in the con 
denser 13 by the primary steam jet pump 16 substantially 
equals the weight of the water vapor withdrawn there 
from in the secondary vacuum flash tank 5 and dis 
charged to the atmosphere by the secondary steam jet 
pump 7; thereby maintaining the desired balance of the 
water supplied to and extracted from the circulated plat 
ing solution. - 
The catalytic bodies are immersed in the plating bath 

in the plating chamber 12; whereby the metallic nickel 
(actually an alloy of nickel and phosphorus having a 
composition of about 89% to 97% nickel and 11% to 
3% phosphorus by weight) is deposited upon the surfaces 
thereof; the bodies being withdrawn from the plating bath 
when the coatings thereon are of the desired thickness. 
Incident to the plating of the nickel upon the catalytic 
bodies the initial composition of the plating bath is altered 
by the reduction of the nickel cations and the oxidation 
of the hypophosphite anions, as previously noted; and 
the initial pH of the bath is reduced, as previously ex 
plained; whereby it is necessary to regenerate the plating. 
solution in the regeneration compartment 29 by the addi 
tion thereto of an alkalizing reagent to restore the initial 
pH thereof and of a nickel salt and a hypophosphite to 
restore the initial composition thereof; the ingredients thus 
supplied in the regeneration compartment 28 being thor 
oughly dissolved therein by operation of the agitator 
mechanism 21 from the electric motor 22. As a matter 
of convenience, the added alkalizing reagent may be de 
rived from an aqueous sodium hydroxide stock solution; 
and assuming that the initial bath was formulated utiliz 
ing nickel chloride and sodium hypophosphite, the added 
nickel salt may be derived from an aqueous nickel chlo 
ride stock solution and the added hypophosphite may 
be derived from an aqueous sodium hypophosphite stock 
solution. Of course, the exact initial composition of the 
plating solution is not restored as it is apparent there is 
a gradual build-up therein of sodium cations and chlo 
rine anions, as a result of the additions, as well as a 
gradual build-up of phosphite anions, as a result of the 
plating reactions. However, this build-up of the foreign 
cations and anions named is gradual and of small moment 
until the phosphite anion concentration builds up to about 
one mole per liter; whereby the aqueous plating solution 
may be employed continuously in the plating system 
throughout the corresponding time interval, provided it 
is appropriately regenerated, either continuously or per 
iodically, as explained above. 

f) 

water vapor is withdrawn from the contained plating 
solution, as previously noted, so that the plating solution 
in the primary vacuum flash tank 14 is both concentrated 
and cooled. In the secondary vacuum flash tank 15, a 
vacuum of about 22' Hg is drawn by the Secondary 
steam jet pump 17; whereby water vapor is withdrawn 
therefrom, so that the plating solution in the Secondary 
flash tank 15 is both concentrated and cooled prior to 
the return thereof to the regeneration compartment 20. 
The plating solution returned into the regeneration com 
partment 20 may have a temperature of about 150 F., 
as previously noted, as a consequence of the tandem cool 

Considering now in greater detail the matter of the 
quantities of the ingredients that must be employed in 
the regeneration of the plating solution in the regenera 
tion compartment 20, it has been discovered that there 
is a relationship between the initial pH of the plating 
solution and the ingredients that must be added thereto 
incident to a regeneration thereof, as indicated in the table 
below: 

Initial Ratio Ratio Ratio 
pH Ni++/OH- || Hypo-/Ni++ | Hypo-/OH 

0.500 3.0 ??500 
0.479 3.0 I. 437 
Q?458 3.0 l. 37. 
0,438 3.0 .287 
0.417 3,0 1.25 

  



From the foregoing table, it will be observed that the 
ratio between the nickel cations and the hydroxyl anions 
that must be added in the regeneration of the plating 
solution is dependent uron the initial pH thereof, the 
ratio varving substantially linearly inverselv with the 
initial pH of the plating solution, whereas the rates of 
hypophosphite anion and nickel cation utilization bear 
a fixed ratio of 3:1 independently of the initial pH of 
the plating solution. Thus, the ratio of hyponhosphite 
anions and the hydroxyl anions that must be added in the 
regeneration of the plating solution is also dependent 
upon the initial pH of the plating solution, the ratio vary 
ing substantially linearly inversely with the initial pH of 
the plating solution. Of course, the total amount of hy 
droxyl anions that must be added in the regeneration of 
the plating solution for a given change in pH is dependent 
upon the volume of the plating solution, and is related 
to the total amount of nickel plating that has been laid 
down in the plating chamber. 

First, assuming that the regeneration of the plating 
solution is carried out periodically, it is recommended 
that the permitted departure from the initial pH thereof 
is within the approximate range 3% to 4%. Thus, when 
the pH of the plating solution departs about 3% to 4% 
from the initial pH, thereof, a controlled amount of hy 
droxyl anion stock solution is added thereto in order to 
restore the initial pH thereof. In view of this controlled 
addition of the hydroxyi anion stock solution to the plat 
ing solution, the predetermined, required, related and 
controlled additions of the nickel cation stock solution 
and the hypophosphite anion stock solution are made: 
whereby the plating solution is restored to its initial pH 
and the initial composition thereof, with respect to nickel 
cations and hypophosphite anions, is restored. Thus, in 
the continuous operation of the system, neither the pH 
nor the composition of the plating Solution varies sub 
stantially from the initial value thereof; whereby the 
nickel plating is carried out under optimum conditions 
with respect to rate, stability, etc. 
On the other hand, the regeneration of the plating 

solution may be carried out continuously, instead of 
periodically, as described above, by setting the proper 
rate of addition of the hydroxyl anion stock Solution to 
the plating solution so as to maintain substantially con 
stant the initial pH of the plating Solution, and by setting 
the predetermined, required, related. and controlled rates 
of addition of the respective nickel cation stock Solution 
and hypophosphite anion stock solution. 
Again referring to the drawing, a pH meter or con 

troller 23 may be provided that includes a pair of con 
trol electrodes 24 and 25 arranged in the upper portion 
of the storage compartment 9; whereby the pH con" 
troller 23 is governed in accordance with the pH of the 
plating solution in the storage compartment 9. More 
over, the system comprises first, second and third stock 
solution tanks 26, 27 and 28 respectively containing the 
aqueous hydroxyl anion stock solution, the aqueous 
nickel cation stock solution and the aqueous hypo 
phosphite anion stock solution, as well as a water tank 
29. The four tanks 26, 27, 28 and 29 respectively conn 
municate with the upper portion of the regeneration coin 
partment 23 via four conduits 39, 31, 32 and 33, that 
respectively include four manual shut-off valves 34, 35, 
36 and 37, four automatic solenoid valves 33, 39, 43 and 
41, and four flow regulators 42, 43, 44 and 45. The auto 
matic solenoid valves 38, 39 and 49 may be commonly 
controlled by the pH controller 23; while the automatic 
solenoid valve 43 is controlled by an associated manual 
controller 46. In the arrangement, the flow regulators 
42, etc., may be selectively set to govern the liquid - 
flow through the associated conduits 30, etc., into the 
upper portion of the regeneration compartment 20. 
As a matter of manipulation, the three stock solutions 

respectively contained in the tanks 26, 27 and 28 may 
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8 
be of the same and fixed molar concentrations; whereby 
the flow regulators 42, 43 and 44 may be selectively ad 
justed to accommodate liquid flow through the respec 
tive conduits 30, 3i and 32 at the required, different and 
proportional rates, related to each other in the propor 
tions previously explained, when the respective auto 
matic solenoid valves 33, 39 and 40 are opened, the Sole 
noid valves 38, 39, 40 and 42 being normally biased into 
their closed position. On the other hand, the three stock 
solutions may be of different and fixed molar concen 
trations, related to each other in the proportions previ 
ously explained; whereby the flow regulators 42, 43 and 
44 may be adjusted to accommodate liquid flow through 
the respective conduits 33, 3 and 32 at the same, fixed 
and uniform rate, when the automatic solenoid valves 
38, 33 and 40 are opened. In either case, the molar quan 
iities of ions supplied via the conduits 30, 32 and 32 
into the upper portion of the regeneration compartment 
2 bear the previously-explained relationships with respect 
to each other. Moreover, it will be understood that the 
matter of the director indirect control by the pH con 
troller 23 of the automatic solenoid valves 33, 39 and 
49 is a matter of choice; and likewise, the matter of 
whether this control by the pH controller 23 is exer 
cised periodically or continuously is also one of choice. 
in the various plating tests appearing hereinafter. weights 
of nickel plating deposited are reported in gms.; and plat 
ing rates are reported in gm./cm./min. 

Considering now a continuous plating test, an aqueous 
plating bath of the malic acid-lactic acid-succinate type 
was employed that had the particular composition: 

M. p. 1. 
Nickel chloride ---------------------------- 0.0675 
Sodium hypophosphite ---------------------- 0.225 
Malic acid -------------------------------- 0.06 
Lactic acid -------------------------------- 0.2025 
Sodium Succinate -------------------------- 0.12 

Utilizing this plating bath, properly cleaned steel sam 
pies of 80 cm. were plated. The bath was employed in 
a continuous plating system of the character described, 
having a plating chamber volume of 300 cc., the volume 
of the bath being 9 liters, and the temperature thereof 
in the plating chamber being about 100° C. in this con 
tinuous plating test, the plating bath was regenerated 
after each cycle by the addition of the required propor 
tions of the three stock solutions, as previously explained, 
and with the following results: 

2 3 4. 5 7 

Initial p--------------- , 74 | 4. 75 | ? 72 | 4,75 | 4.7õ ! 4. 78 | 4 77 
Final pH----- 4.59|4.69 4.62|4,61 4.69 4,86{ 4,68 
Vt. gain, grans. ----------.. | 4. 67 || 3. 68 || 4. 0:0 || 3. 80 || 3. 75 || 4. 07 || 4. 20 
Time, nin------------- 2) C. 95 88 5 23 127 
Soln, Flow rante, cc.?imnin.- 47 56 60 65 5? 43 45 
Plating rate, RX104-----. 4,85| 4,55|5.08 5.40 |4.45 ?,14| 4,1? 

in the regenerations of this plating bath, since the 
initial pH thereof was about 4.75, a ratio between the 
additions of nickei cations and hydroxyl anions of 0.487 
was employed; and the constant ratio between the addi 
tions of hypophosphite anions and nickel cations of 3.0 
was employed. 

III another continuous plating test, an aqueous plating 
bath of the malic acid-glycine type was employed that had 
the particular composition: 

MÍ. p. 1. 
Nickel chloride ---------------------------- 0.0675 
Sodium hypophosphite ---------------------- 0.225 
Malic acid -------------------------------- 0.35 
Aminoacetic acid ----------------- -------0.0675 --------? 

Utilizing this plating bath, properly cleaned steel sam 
ples of 80 cm. area were plated. The plating bath was 
er ployed in a continuous plating system of the charac 
ter described, having a plating chamber volume of 300 
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cc., the volume of the bath being one liter, and the tem 
perature thereof in the plating chamber being about 100 
C. In this continuous plating test, the plating bath was 
regenerated after each cycle by the addition of the re 
quired proportions of the three stock solutions, as previ 
ously explained, and with the following results: 

7 6 5 4 3 2 ????????????????Cycle No 

Initial pH--------------- 6.50|6,45 6,68?6,51 6,45| 6.22| 5.98 
Final pH------ - 5.60 5.80 5.99 5.99 5.69 5.90 5.82 
Wt. gain, gms. --- 4.76 5.36| 5.4?| 6.28|7.64 6.14 4,50 
Time, mini--------------- 120 100 96 100 123 110 00 
Soln. flow rate, cc./min.-- 47 57 59 57 46 52 57 
Plating rate, RX104------ 4.97 6.70 7.02 7.84 7.75 6.96 5.63 

In the regeneration of this plating bath, since the initial 
pH thereof was about 6.5, a ratio between the additions 
of nickel cations and hydroxyl anions of 0.417 was em 
ployed; and the constant ratio between the additions of 
hypophosphite anions and nickel cations of 3.0 was em 
ployed. 

In a further continuous plating test, an aqueous plat 
ing bath of the malic acid-succinate type was employed 
that had the particular composition: 

M. p. 1. 
Nickel chloride ---------------------------- 0.675 
Sodium hypophosphite ---------------------- 0.225 
Malic acid -------------------------------- 0.135 
Sodium succinate --------------------------- 0.06 

Utilizing this plating bath, properly cleaned steel sam 
ples of 80 cm.2 area were plated. The plating bath was 
employed in a continuous plating system of the char 
acter described, having a plating chamber volume of 
300 cc., the volume of the bath being one liter, and the 
temperature thereof in the plating chamber being about 
100°C. In this continuous plating test, the plating bath 
was regenerated after each cycle by the addition of the 
required proportions of the three stock solutions, as previ 
ously explained, and with the following results: 
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with reference to the high plating rate and the stability 
thereof. Moreover, since the composition of the bath 
and the plating rate are subsiantially uniform in the plat 
ing chamber the resulting coating on the steel object 
is substantially uniform and homogeneous throughout. 
In passing, it is noted that in the event of regeneration 
of the plating bath after permitting wide variations of 
either the initial pH or the initial composition thereof, 
the nickel coating that is applied to the steel object is 
stratified, thus lacking the desired uniformity and homo 
geneity mentioned. 

In the continuous nickel plating process, the water 
content of the plating solution is maintained substantially 
balanced by the introduction of steam thereinto in the 
condenser 13 by virtue of the operation of the primary 
steam jet pump 16 and by the extraction of water vapor 
therefrom in the secondary vacuum flash tank 15 by 
virtue of the action of the secondary steam jet pump 17; 
and any small additions of water that are required may 
be provided from the water tank 29 by selectively govern 
ing the manual controller 46. Moreover, the matter of 
regenerating the plating solution with respect to the 
other initial special ingredients thereof; i. e., malic acid, 
lactic acid and succinate, in a plating bath of the malic 
acid-lactic acid-Succinate type, is not particularly critical, 
since these special ingredients are expended only very 
gradually over an exceedingly long time interval; whereby 
addition of these special ingredients may be required 
only two or three times during the whole lifetime of a 
plating solution that has been regenerated a great many 
times with respect to the hydroxyl anions, the nickel 
cations and the hypophosphite anions, as described above. 
Furthermore, the matter of the replenishing of these 
special ingredients is exceedingly simple in view of the 
lack of criticality of the content thereof for entirely sat 
isfactory plating results; whereby small amounts of these 
special ingredients are added to the plating solution from 
time to time during the whole lifetime thereof, as re 
quired. 

7 8 

5.38 5.44 
5.07 5.28 
5.00 4.96 
26 12. 
45 47 

4.96 5.13 

Cycle No---------------------------- 2 3 4. 5 6 

Initial pH--------------------------- 5.40 5.38 5.39 5.375.33 5.37 
Final pH......---- 5.00 5,084.91 5,07 4.99 5.11 
Wt. gain (gms.)-- 4, 69 4.11 3.62 4.82 3.56 4.03 
Time, min----------------- 116 105 00 26 94 103 
Soln. fiow rate, cc.fmini---- - - 55 61 45 57 54 49 ?? 
Plating rate, RX10------------------ 5,04|4,90|4.53|4.77|4,18|4,90 

In the regeneration of this plating bath, since the initial 
pH thereof was about 5.4, a ratio between the additions 
of nickel cations and hydroxyl anions of 0.463 was em 
ployed; and the constant ratio between the additions of 
hypophosphite anions and nickel cations of 3.0 was em 
ployed. - 

In connection with the continuous nickel plating proc 
ess, it is noted that the article to be nickel plated, and 
normally having a catalytic surface, is first properly 
prepared by mechanical cleaning, degreasing and light 
picking, substantially in accordance with standard prac 
tices in electroplating processes, prior to the immersion 
thereof in the plating chamber. For example, in the 
nickel plating of a steel object, it is customary to clean 
the rust and mill scale from the object, to degrease the 
object, and then lightly to pickle the object in a suit 
able acid, such as hydrochloric acid. Subsequently, the 
steel object is removed from the bath after an appropri 
ate time interval corresponding to the required thickness 
of the nickel coating deposited thereon that is desired; 
and ultimately the steel object is rinsed off with water 
and is then ready for use. ...,' 

During the plating of the steel object, the plating bath 
is regenerated, in the manner previously explained, so 
as to prevent any substantial departure of the plating bath 
from either its initial pH or its initial composition; 
whereby the advantages previously explained are obtained 
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in the foregoing examples, the plating solutions were 
regenerated employing the aqueous stock solutions con 
taining sodium hydroxide as the alkalizing reagent, but 
it will be understood that other water-soluble alkalizing 
reagents, such as other hydroxides, carbonates, bicar 
bonates, etc., may be used. When any one of these al 
ternative alkalizing reagents is employed, the alkalizing 
equivalency thereof with respect to sodium hydroxide is 
first established and employed in making up the corre 
Sponding aqueous stock solution, before proceeding with 
the regeneration of a plating solution, utilizing the proper 
proportions of the three stock solutions, in accordance 
with the present process. 

in view of the foregoing, it is apparent that there has 
been provided a continuous chemical nickel plating proc 
ess highly suitable for use on a commercial scale that 
involves simple and highly accurate manipulations for 
determining the quantities of the required ingredients 
that must be employed in the regeneration of the plating 
solution and for effecting the addition thereto of the re 
quired amounts of the ingredients to obtain proper regen 
eration of the plating solution. 

While there has been described what is at present con 
sidered to be the preferred embodiment of the invention, 
it will be the preferred embodiment of the invention, it 
will be understod that various modifications may be made 
therein, and it is intended to cover in the appended claims 
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all such modifications as fall within the true spirit and 
scope of the invention, 
What is claimed is: 
1. The continuous process of chemically plating with 

nickel a solid body of catalytic material, which coinsists 
of providing an aqueous chemical nickel plating bath 
of the nickel cation-hypophosphite anion type arid having 
both a given initial composition and a given initial pi;, 
contacting said body with said bath during a time isl 
terval in order to effect the reduction of nickel catio: 
to metallic nickel and the deposition i:12ieff upc; 
surface of said bedy along with the companion oxi 
of hypophosphite anions to phosphite anions and resuit 
ing in the depletion of both nickel cations and hypo 
phosphite anions in said bath and in the co: % 
decrease in the pH thereof, measuring the ; 
bath during said time intervali adding to said batih di 
said time interval and as determined by Said 323 
reiment a measured amount of alkalizing reagent that is 

sufficient substantially to restore said given initial pi 
thereof, adding to said bath during said time interval a 
measured ancunt of nickel cations that is related Sub 
stantially in a first fixed proportion to the measured 
aneunt of alkalizing reageat added thereto, aid adding 
to said bath during said time interval a measured annount 
of hypophosphite anions that is related Substantially in 
a second fixed proportion to the measured amount of 
nickel cations added thereto, said measured additions of 
nickel cations and of hypophosphite anions Substantially 
restorizag said given initial composition of said bath. 

2. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, pailadium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, contacting said body with said bath 
during a time interval in order to effect the reduction of 
nickel cations to metallic nickel and the deposition there 
of upon the surface of said body along with the com 
panion oxidation of hypophosphite anions to phosphite 
anions and resulting in the depletion of both nickei cations 
and hypophosphite anions in said bath and in the corre 
sponding decrease in the pH thereof, measuring the pi 
of said bath during said time interval, adding to said 
bath during said time interval and as deterrained by Said 
pH measurement a measured amount of alkalizing re 
agent that is sufficient substantially to restore said given 
initial pH thereof, adding to said bath during said time 
interval, a measured amount of nickel cations that is 
related substantially in a first fixed proportion to the 
measured amount of alkalizing reagent added thereto, 
and adding to said bath during said time interval a meas 
ured amount of hypophosphite anions that is related Sub 
stantially in a second fixed proportion to the measured 
amount of nickel cations added thereto, said measured 
additions of nickel cations and of hypophosphite anions 
substantially restoring said given initial coraposition of 
said bath. . 

3. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinuin, 
which consists of providing a bath of an aqueous solution 
of a nickel salt and a hypophosphite and having both a 
given initial composition and a given initial pH, con 
tacting said body with said bath during a time interval 
in order to effect the reduction of nickel cations to metal 
lic nickel and the deposition therec? lipon the surface of 
said body along with the companion oxidation of hypo 
phosphite anions to phosphite anions and resulting in the 
depletion of both nickel cations and hypophosphite anions 
in said bath and in the corresponding decrease in the pH 
thereof, measuring the pH of said bath during said time 
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interval, adding to said bath during said time interval 
and as determined by said pH measurement a measured 
amount of a hydroxide that is sufficient substantially to 
restore said given initial pH thereof, adding to said bath 
during said time interval a measured amount of a nickel 
salt that is related substantially in a first fixed proportion 
to the measured amount of hydroxide added thereto, and 
adding to said bath during said time interval a measured 
amount of a hypophosphite that is related substantially in 
a second fixed proportion to the measured amount of 
nickel sait added thereto, said measured additions of 
nickel salt and of hypophosphite substantially restoring 
said given initial composition of said bath. 

4. The continuous process of chemically piating with 
nickel a solid body essentially comprising an element 
sciected from the group consisting of iron, cobait, nickel, 
aluminum, copper, silver, gold, palladium and piatiniim, 
which coinsists of providing an aqueous chemica inickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, contacting said body with said bath 
during a time interval in order to effect the reduction of 
nickel cations to metallic nickel and the depositic? there 
of upon the surface of said body along with the con 
panion oxidation of hypophosphite anions to hosphite 
anions and resulting in the depletion of both nickel ca 
tions and hypophosphite anions in Said bath and in the 
corresponding decrease in the pH thereof, measuring 
the pH of said bath during said time interval, adding to 
said bath during said time interval and as deternlined by 
said pH measurement a measured amouat (f isydroxyl 
anions that is sufficient substantially to restore said given 
initial pH thereof, adding to said bath diring said time 
iterval a measured annount of nickei caticias that is 
related substantially in a first fixed proporticín to the 
measured amount of hydroxyl anions added thcrete, and 
adding to said bath during said time interval a 
amount of hypcphosphite anions that is rela 
tially in a second fixed proportion to the easi}; 
amount of nickel cations added thereto, said in easured 
additions of nickel cations and of hypophosphite anions 
substantially restoring said given initial compositicn of 
said bath. 

5. The cortinuolis process set forth in claim 4, wherein 
said given initial pH is in the approximate l'aige 4.5 to 
6.5, said first fixed proportion expressed as a ratic be 
tween added nickel cations and added hydroxyl anions 
is in a corresponding approximate range 0.53 to 0.42, 
and said second fixed proportion expressed as a ratio 
tetween added hypophosphite anions and added nickel 
cations is approximately 3. 

6. The continuous process set forth in claim 5, wherein 
the variation of said first fixed proportion in said range 
0.50 to 0.42 is substantially inversely linear with the 
variation of the pH of said bath in said range 4.5 to 6.5; 
whereby said first fixed proportion has the approximate 
values of 0.500, 0.479, 0.458, 0.458 and 0.417 at the 
respectively corresponding pH values of 4.5, 5.0, 5.5, 6.0 
and 6.5. 

7. The continuous process set forth in claim 4, wherein 
said given initial pH is approximately 4.5, said first fixed 
proportion expressed as a ratio between added nickel 
cations and added hydroxyl anions is approximately 0.5, 
and said second fixed proportion expressed as a ratio 
between added hypophosphite anions and added nickel 
cations is approximately 3. 

8. The continuous process set forth in claim 4, wherein 
said additions of hydroxyl anions and of nickel cations 
and of hypophosphite anions to said bath are made sub 
stantially simultaneously. 

9. The continuous process set forth in claim 4, wherein 
said given initial composition of said bath is substan 
tially as follows: the ratio between nickel cations and 
hypophosphite anions is in the approximate range 0.25 
to 1.60, and the absolute concentration of hypophosphite 
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anions is in the approximate range 0.15 to 1.20 moles/ 
liter; and wherein said given initial pH of said bath is 
in the approximate range 4.5 to 6.5. 

10. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element se 
lected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinum, 
which consists of providing an aqueous chemical plating 
bath of the nickel cation-hypophosphite anion type and 
having both a given initial composition and a given initial 
pH, contacting said body with said bath during a time 
interval in order to effect the reduction of nickel cations 
to metallic nickel and the deposition thereof upon the 
surface of said body along with the companion oxidation 
of hypophosphite anions to phosphite anions and result 
ing in the depletion of both nickel cations and hypo 
phosphite anions in said bath and in the corresponding 
decrease in the pH, thereof, repeatedly measuring the 
pH of said bath during said time interval, repeatedly 
adding to said bath during said time interval and as de 
termined by respective ones of said pH measurements 
measured amounts of hydroxyl anions that are sufficient 
repeatedly substantially to restore said given initial pH 
thereof, repeatedly adding to said bath during said time 
interval measured amounts of nickel cations that are 
respectively related substantially in a first fixed propor 
tion to the measured amounts of hydroxyl anions added 
thereto, and repeatedly adding to said bath during said 
time interval measured amounts of hypophosphite anions 
that are respectively related substantially in a second 
fixed proportion to the measured amounts of nickel cat 
ions added thereto, said repeated measured additions of 
nickel cations and of hypophosphite anions repeatedly 
substantially restoring said given initial composition of 
said bath. 

11. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, contacting said body with said bath dur 
ing a time interval in order to effect the reduction of 
nickel cations to metallic nickel and the deposition 
thereof upon the surface of said body along with the 
companion oxidation of hypophosphite anions to phos 
phite anions and resulting in the tendency of depletion of 
both nickel cations and hypophosphite anions in said 
bath and in the corresponding tendency of decrease in 
the pH thereof, measuring the pH of said bath during 
said time interval, continuously adding to said bath 
during said time interval and as determined by said pH 
measurement hydroxyl anions at a measured rate that is 
sufficient substantially to maintain said given initial pH 
thereof, continuously adding to said bath during said 
time interval nickel cations at a measured rate that is 
related substantially in a first fixed proportion to the 
measured rate of addition of hydroxyl anions thereto, 
and continuously adding to said bath during said time 
interval hypophosphite anions at a measured rate that is 
related substantially in a second fixed proportion to the 
measured rate of addition of nickel cations thereto, said 
continuous measured rate additions of nickel cations 
and of hypophosphite anions substantially maintaining 
said given initial composition of said bath. 

12. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, preparing a first aqueous stock solution 
containing a fixed amount of hydroxyl anions per liter, 
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14 
preparing a second aqueous stock solution containing a 
fixed amount of nickel cations per liter, preparing a third 
aqueous stock solution co, Éaining a fixed amount of 
hypophosphite anions per liter, contacting said body 
with said bath during a time interval in order to effect 
the reduction of nickel cations to metallic nickel and the 
deposition thereof upon the surface of said body along 
with the companion oxidation of hypophosphite anions to 
phosphite anions and resulting in the depletion of both 
nickel cations and hypophosphite anions in said bath 
and in the corresponding decrease in the pH thereof, meas 
uring the pH of said bath during said time interval, add 
ing to said bath during said time interval and as de 
termined by said pH measurement a measured amount 
of said first stock solution that is sufficient substantially 
to restore said given initial pH thereof, adding to said 
bath during said time interval a measured amount of said 
second stock solution that is related substantially in a 
first fixed proportion to the measured amount of said 
first stock solution added thereto, and adding to said 
bath during said time interval a measured amount of said 
third stock solution that is related substantially in a second 
fixed proportion to the measured amount of said second 
stock solution added thereto, said measured additions of 
said second stock solution and of said third stock solu 
tion substantially restoring said given initial composition 
of said bath. 

13. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, preparing a first aqueuos stock solution 
of hydroxyl anions of C molar concentration, preparing 
a second aqueous stock solution of nickel cations of C 
molar concentration, preparing a third aqueous stock 
solution of hypophosphite anions of C molar concen 
tration, contacting said body with said bath during a time 
interval in order to effect the reduction of nickel cations 
to metallic nickel and the deposition thereof upon the 
surface of said body along with the companion oxidation 
of hypophosphite anions to phosphite anions and result 
ing in the depletion of both nickel cations and hypo 
phosphite anions in said bath and in the corresponding 
decrease in the pH thereof, measuring the pH of said 
bath during said time interval, adding to said bath during 
said time interval and as determined by said pH meas 
urement a measured volume V of said first stock solu 
tion that is sufficient substantially to restore said given 
initial pH thereof, adding to said bath during said time 
interva a measured volume AV of said second stock 
solution, and adding to said bath during said time inter 
val, a measured volume BAV of said third stock solution, 
said measured volume additions of said second stock 
solution and of said third stock solution Substantially 
restoring said given initial composition of said bath, 
where W is a variable as required and where C and A 
and B are fixed constants. 

14. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, preparing a first aquecus stock solution 
of hydroxyl anions of C molar concentration, preparing 
a second aqueous stock solution of nickel cations of AC 
molar concentration, preparing a third aqueous stock 
solution of hypophosphite anions of BAC molar con 
centration, where C and A and B are fixed constants, 
contacting said body with said bath during a time interval 
in order to effect the reduction of nickel cations to metal 



lic nickel and the deposition thereof upon the surface of 
said body along with the companion oxidation of hypo 
phosphite anions to phosphite anions and resulting in the 
depletion of both nickel cations and hypophosphite 
anions in said bath and in the corresponding decrease in 
the pH thereof, measuring the pH of said bath during 
Said time interval, adding to said bath during said time 
interval and as determined by said pH measurement a 
measured volume V of said first stock solution that is 
sufficient substantially to restore said given initial pH 
thereof, where W is a variable as required, and also 
adding to said bath during said time interval substantially 
equal measured volumes V of said second stock solu 
tiom and of said third stock solution, said measured 
volume additions of said second stock solution and of 
said third stock solution substantially restoring said given 
initial composition of said bath. 

15. The continuous process of chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, paladium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial phi, contacting said body with said bath 
during a time interval in order to effect the reduction 
of nickel cations to metallic nickel and the deposition 
thereof upon the surface of said body along with the 
companion oxidation of hypophosphite anions to phos 
phite anions and resulting in the depletion of both nickel 
cations and hypophosphite anions in said bath and in the 
corresponding decrease in the ph thereof, measuring 
the pH of said bath during said time interval, initiating 
the addition of hydroxyl anions to said bath only in 
response to a measurement indicating a predetermined 
reduction in the pH thereof from said given initial pH, 
arresting the addition of hydroxy anions to said bath 
only in response to a measurement indicating a sub 
stantial restoration of the pH thereof to said given initial 
pi, establishing the measured amount of hydroxyl anions 
thus added to said bath, adding to said bath during said 
time interval a neasured amount of nickel cations that 
is related substantially in a first fixed proportion to the 
ineasured amount of hydroxyl anions added thereto, and 
adding to said bath during said time interval a measured 
amount of hypophosphite anions that is related. Sub 
stantially in a second fixed proportion to the measured 
amount of nickel cations added thereto, said measured 
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additions of nickel cations and of hypophosphite anions 
substantially restoring said given initial composition of 
said bath. 

16. The continuous process set forth in claim 15, 
Wherein said additions of nickel cations and of hypo 
phosphite anions to said bath are made thereto at least 
partially concurrently with said establishment of the 
measured amount of hydroxyl anions added theretc. 

17. The continuous process cf chemically plating with 
nickel a solid body essentially comprising an element 
selected from the group consisting of iron, cobalt, nickel, 
aluminum, copper, silver, gold, palladium and platinum, 
which consists of providing an aqueous chemical nickel 
plating bath of the nickel cation-hypophosphite anion 
type and having both a given initial composition and a 
given initial pH, contacting said body with said bath 
during a time interval in order to effect the reduction of 
nickel cations to metallic nickel and the deposition there 
of upon the surface of said body along with the com 
panion oxidation of hypophosphite anions to phosphite 
anions and resulting in the depletion of both nickel 
cations and hypophosphite anions in said bath and in the 
corresponding decrease in the pH thereof, measuring 
the pH of said bath during said time interval, adding 
to said bath during said time interval and as determined 
by said pH measurement a measured amount cf hydroxyl 
anions that is sufficient substantially to restore said given 
initial pH thereof, adding to said bath during said time 
interval a measured amount of nickel cations that is 
related substantially in a fixed proportion to the meas 
ured amount of hydroxyl anions added thereto, and 
adding to said bath during said time interval a measured 
amount of hypophosphite anions that is Suficient Sub 
stantially to restore the concentration thereof to that of 
said given initial composition of said bath, said measured 
additions of nickel cations and of hypophosphite anions 
substantially restoring said given initial composition of 
said bath. 
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