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the solution, and without precipitation of the nickel ca 
tions in the solution. 

Another object of the invention is to provide an im 
proved process of the character noted, wherein the phos 
phite anions in the plating solution are precipitated therein 
as an alkaline earth phosphite in the presence of nickel 
cations therein, and without the coprecipitation of nickel 
phosphite. 
A further object of the invention is to provide in a 

process of the character noted, an improved step of 
precipitating calcium phosphite, without the precipitation 
of either nickel phosphite or calcium hypophosphite, that 
involves an improved control of the pH of the solution 
during the precipitation mentioned. 
A still further object of the invention is to provide an 

improved process of regenerating completely a chemical 
nickel plating solution of the nickel cation-hypophosphite 
anion type that is simple and economical to carry out. 

Further features of the invention pertain to the particu 
lar arrangement of the steps of the process, whereby the 
above-outlined and additional operating features thereof 
are attained. 
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ciated tank 13. ln the tank 13, the filtrate is treated with 
a composite aqueous slurry of calcium sulfate (gypsum) 
and calcium hydroxide, the filtrate in the tank 13 being 
agitated, and the addition of the calcium hydroxide being 
controlled so that the pH thereof is elevated into the 
general range 5.5 to 6.0; and particularly the pH is main 
tained below 7.0, so as positively to prevent the precipi 
tation therein of nickel phosphite. Under the controlled 
conditions mentioned, calcium phosphite is precipitated, 
without any substantial precipitation of calcium hypo 
phosphite or any nickel salt. Preferably, the total addi 
tion of calcium ion is at least 20% less than the stoichi 
ometric amount thereof required to precipitate all of 
the phosphite anions in order to avoid the presence of 
calcium ions in the regenerated plating solution. 
The resulting suspension is delivered to an associated 

filter 14, whereby the calcium phosphite is separated 
therefrom, and the resulting filtrate is delivered to an as 
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The invention, both as to its organization and principle small, or negligible, if the total addition of calcium ions of operation, together with further objects and advantages 
thereof, will best be understood by reference to the fol 
lowing specification taken in connection with the accom 
panying drawings, in which: 

Figure 1 is a diagrammatic illustration of the steps 
involved in the complete regeneration of a chemical 
nickel plating solution of the nickel cation-hypophosphite 
anion type, in accordance with the process of the present 
invention; and 

Fig. 2 is a diagrammatic illustration of a continuous 
nickel piating system in which the plating solution men 
tioned may be employed. 
The present invention is predicated upon the discovery 

that in a depleted aqueous chemical nickel plating solu 
tion of the nickel cation-hypophosphite anion type, the 
undesirable phosphite anions may be selectively precipi 
tated in the presence of the desirable nickel cations and 
hypophosphite anions, without the coprecipitation of either 
the nickel cations or the hypophosphite anions, by alkaline 
earth cations, when the pH of the solution is properly 
controlled and maintained within the range 5.5 to 7.0, 
during the precipitation of the alkaline earth phosphite. 
In accordance with the arrangement, the required alkaline 
earth cations are supplied jointly by the corresponding 
soluble salt and by the corresponding hydroxide. 

For example, when the plating solution is initially 
composed employing nickel Sulfate and sodium hypo 
phosphite, calcium may be advantageously employed, the 
salt (calcium sulfate) and the hydroxide (calcium hy 
droxide) being employed jointly to supply the required 
calcium cations and to obtain the desired pH. 

Referring now to Fig. 1, a depleted aqueous chemical 
nickel plating solution of the nickel cation-hypophosphite 
anion type, derived from a continuous plating system 
may essentially comprise: 
Ni** ---------------------------------m./1.-- 0.08. 
Na" ---------------------------------------m./- 1.50 
H2PO2T -------------------------------m./1.- 0.25 
HPOs ------------------------------m./1 - 1.25 
SOA "" ---------------------------------m./1-- 0.48 
Lactic ions ----------------------------m./1 - 0.30 
Propionic ions -------------------------- m./1.-- 0.03 
pH ----------------------------------- 4.5 to 4.7 
In accordance with the present process, this depleted 
plating solution is introduced into a tank 10 and cooled 
therein by an associated cooling coil 11, while being 
agitated, to a temperature in the range 0° C. to 5 C., 
whereby there is crystallized out therein sodium sulfate. 
The resulting suspension is delivered to an associated 
filter 12, whereby the sodium sulfate is removed there 
from, and the resulting filtrate is delivered to an asso 
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sociated tank 15. In the tank 15, while the solution is 
agitated, an aqueous solution of sodium fluoride is added 
for the purpose of precipitating calcium fluoride. This 
step is altogether optional, as the amount of excess cal 
cium ions in the filtrate delivered to the tank 15 is very 

in the tank 13 has been properly controlled, as described. 
Moreover, this Small quantity of calcium ions is not ob 
jectionable in the plating solution. However, the cal 
cium ions may be removed, if desired, by the fluoride 
precipitation, if an excess thereof has been added. As 
illustrated, the resulting suspension is delivered to an as 
sociated filter 16, whereby the calcium fluoride is sep 
arated therefrom, and the resulting filtrate is delivered to 
an associated tank 17. The filtrate delivered to the tank 
17 contains substantially all of the nickel cations and all 

35 of the hypophosphite anions of the initial depleted plat 
ing solution, aside from certain small losses that are sub 
stantially entirely mechanical in character; however, this 
filtrate contains only about 10% to 25% of the phos 
phite anion concentration of the initial depleted plating 

40 solution, which phosphite anion content is in no way ob 
jectionable. Moreover, during the treatment, there is 
Substantially no loss from the initial depleted plating so 

... lution of the lactic anions and propionic anions therein, 
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except for the Small quantities thereof that are lost me 
chanically, as previously noted. 

In the tank 17, the filtrate is reconstituted by the addi 
tion thereto of nickei sulfate, sodium hypophosphite and 
sulfuric acid, together with sodium hydroxide, to obtain 
the desired pH of about 4.7 in this illustrative bath. Also, 
Small additions of actic acid and propionic acid are 
made in order to reconstitute the plating bath with respect 
to these ingredients. At this time, the regenerated plat 
ing solution has substantially the composition of the ini 
tially formulated plating solution and is returned to the 
continuous plating system for further plating use. 

In the process, the calcium hydroxide is employed in 
conjunction with the calcium sulfate so as to provide sub 
stantially the required amount of calcium ions to pre 
cipitate the calcium phosphite, and to bring the solution 
to the optimum pH range, as noted above. Also, it is 
emphasized that the matter of removing the small ex 
cess of calcium ions from the filtrate from the filter 14 is 
optional, whereby a by-pass 18 is illustrated that extends 
directly from the filter 14 to the tank 17. A valve 19a 
is arranged in the by-pass 18, and a valve 19b is arranged 
in the direct conduit to the tank 15, so that all, or any 
part, of the filtrate from the filter 14 may be diverted di 
rectly to the tank 17. 

Referring now to Fig. 2, a conventional continuous 
chemical nickel plating system is diagrammatically il 
lustrated as comprising a regeneration tank 21, a storage 
tank 22, a heater 23, a plating tank 24, and a cooler 25, 
arranged in tandem relation in the order named, together 
with a pump 27 and a filter 28 arranged in series relation 
between the storage tank 22 and the heater 23, and a 
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of crystallization therewith, and when the calcium phos 
phite is precipitated, it carries 3 molecules of water of 
crystallization therewith; whereby the process actually 
effects a concentration of the depleted solution notwith 
standing the utilization of the aqueous slurry in the tank 
3. 
In the foregoing description of the present process, the 

regeneration of a plating solution has been described in 
conjunction with the removal of calcium phosphite utiliz 
ing calcium sulfate and calcium hydroxide, and this 
alkaline earth salt and alkaline earth hydroxide are pre 
ferred as a matter of simplicity and economy. However, 
other alkaline earth salts and alkaline earth hydroxides 
may be employed to precipitate the corresponding alkaline 
earth phosphite, when the plating solution is initially com 
posed with a nickel salt, other than nickel sulfate. For 
example, the plating solution may be initially composed 
utilizing nickel chloride and sodium hypophosphite; 
whereby in this case, the alkaline earth salt may be barium 
sulfate, barium chloride, etc., strontium sulfate, strontium 
chloride, etc., as well as calcium sulfate, calcium chloride, 
etc.; and likewise, the alkaline earth hydroxide may be 
barium hydroxide, strontium hydroxide or calcium hy 
droxide. 
The procedure utilizing the other alkaline earth salts 

and alkaline earth hydroxides is identical to that previ 
ously described; and it is preferable that the optimum 
range of pH 5.5 to 6.0 be employed, as it is this pH range 
that prevents the precipitation of nickel phosphite. Also, 
in this connection, it is mentioned that the various alka 
line earth hydroxides are substantially equally effective 
to bring about the precipitation of the corresponding 
alkaline earth phosphites, without the precipitation of the 
corresponding alkaline earth hypophosphites. 

It is reiterated that when the bath is initially composed 
with nickel sulfate, then the regeneration must take place 
with a calcium salt and calcium hydroxide, since it will 
be immediately apparent that the utilization of barium 
or strontium salts and hydroxides would be primarily 
effective to bring about the precipitation of the corre 
sponding barium or strontium sulfates and secondarily 
effective to bring about the precepitation of the corre 
sponding barium or strontium phosphites. In other 
words, barium sulfate is far less soluble than barium 
phosphite, and strontium sulfate is far less soluble than 
strontium phosphite. However, this is not true of other 
barium salts (barium chloride) and of other strontium 
salts (strontium chloride). On the other hand, calcium 
is unique, as the sulfate thereof is relatively soluble, and 
so is the chloride; whereby the regeneration procedure 
using calcium salts and calcium hydroxide has universal 
application to these plating solutions. 
Another consideration is of importance in the regen 

eration of these plating solutions, as a practical matter, 
in that it is highly desirable to prevent the introduction 
of anions that are foreign to those already present therein. 
By way of illustration: calcium sulfate is employed when 
the plating solution is composed with nickel sulfate; 
alkaline earth chloride is employed when the plating solu 
tion is composed with nickel chloride; etc. 

Furthermore, it will be understood that while the de 
scription has proceeded in terms of the utilization of 
alkaline earth sulfates and alkaline earth chlorides, the 
other soluble alkaline earth salts are equally effective. 
Moreover, while the description has proceeded in terms 
of the utilization of alkaline earth hydroxides, the cor 
responding alkaline earth oxides and carbonates are equal 
ly effective. 

In view of the foregoing, it is apparent that there has 
been provided an improved process of regenerating a 

nickel cation-hypophosphite anion type, wherein the de 
sirable nickel cations and hypophosphite anions are main 
tained in the solution, while the undesirable phosphite 
anions are removed therefrom; whereby the treated solu 
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depleted aqueous chemical nickel plating solution of the 

3. 
tion comprises an adequate and appropriate basis for the 
reconstitution of a chemical nickel plating solution having 
substantially the initially formulated composition. 

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

chemical nickel plating solution containing desirable 
nickel cations and hypophosphite anions and undesirable 
phosphite anions and having a pH below about 5.5, com 
prising adding to the depleted plating solution both an 
alkaline earth hydroxide and an alkaline earth salt of a 
mineral acid, said addition supplying sufficient hydroxyl 
ions to the resulting solution to increase the pH thereof 
into the range 5.5 to 7.0, but not above, so as to precipi 
tate therein alkaline earth phosphite, without precipitat 
ing therein any substantial amounts of alkaline earth 
hypophosphite or of any nickel compound, said addition 
supplying sufficient alkaline earth cations to the resulting 
solution to effect the removal therefrom of a substantial 
proportion of the phosphite anions therein, removing the 
precipitated alkaline earth phosphite from the resulting 
solution, and then adding to the resulting solution the re 
quired nickel cations and hypophosphite anions and hy 
drogen ions to produce a plating solution of desired 
composition. 

2. The process of regenerating a depleted aqueous 
chemical nickel plating solution containing desirable 
nickel cations and hypophosphite anions and undesirable 
phosphite anions and having a pH below about 5.5, com 
prising adding to the depleted plating solution both 
calcium hydroxide and a calcium salt of a mineral acid, 
said addition supplying sufficient hydroxyl ions to the 
resulting solution to increase the pH thereof into the 
range 5.5 to 6.0, but not above, so as to precipitate therein 
calcium phosphite, without precipitating therein any sub 
stantial amounts of calcium hypophosphite or of any 
nickel compound, said addition supplying sufficient cal-' 
cium cations to the resulting solution to effect the removal 
therefrom of a substantial proportion of the phosphite 
anions therein, removing the precipitated calcium phos 
phite from the resulting solution, and then adding to the 
resulting solution the required nickel cations and hypo 
phosphite anions and hydrogen ions to produce a plating 
solution of desired composition. 

3. The process of regenerating a depleted aqueous 
chemical nickel plating solution containing desirable 
nickel cations and hypophosphite anions and undesirable 
phosphite anions and having a pH below about 5.5, com 
prising adding to the depleted plating solution both cal 
cium hydroxide and calcium sulfate, said addition sup 
plying sufficient hydroxyl ions to the resulting solution to 
increase the pH thereof into the range 5.5 to 6.0, but not 
above, so as to precipitate therein calcium phosphite, 
without precipitating therein any substantial amounts of 
calcium hypophosphite or of any nickel compound, said 
addition supplying sufficient calcium cations to the re 
sulting solution to effect the removal therefrom of a 
substantial proportion of the phosphite anions therein, 
removing the precipitated calcium phosphite from the 
resulting solution, and then adding to the resulting solu 
tion the required nickel cations and hypophosphite anions, 
and hydrogen ions to produce a plating solution of de 
sired composition. 

4. The process set forth in claim 3, wherein the total 
amount of calcium cations added to the depleted solution. 
is not in excess of about 80% of the stoichiometric 
amount thereof required to precipitate all of the phosphite 
therein. 

5. The process of regenerating a depleted aqueous 
chemical nickel plating solution containing desirable 
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nickel cations and hypophosphite anions and undesirable 
phosphite anions and having a pH below about 5.5, com 
prising adding to the depleted plating solution both cal 
cium hydroxide and calcium sulfate, said addition sup 
plying sufficient hydroxyl ions to the resulting solution to 
increase the pH thereof into the range of 5.5 to 6.0, but 
not above, so as to precipitate therein calcium phosphite, 
without precipitating therein any substantial amounts of 
calcium hypophosphite or of any nickel compound, said 
addition supplying sufficient calcium cations to the result 
ing solution to effect the removal therefrom of a substan 
tial proportion of the phosphite anions therein, remov 
ing the precipitated calcium phosphite from the resulting 
solution, adding to the resulting solution sodium fluoride 
so as to precipitate therein calcium fluoride, removing 
the precipitated calcium fluoride from the resulting so 
lution, and then adding to the resulting solution the 
required nickel cations and hypophosphite anions and 
hydrogen ions to produce a plating solution of desired 
composition. 

6. The process of regenerating a depleted aqueous 
chemical nickel plating solution containing sulfate anions, 
and desirable nickel cations and hypophosphite anions 
and undesirable sodium cations and phosphite anions and 
having a pH below about 5.5, comprising stripping from 
the depleted plating solution a substantial amount of the 
sodium cations and the sulfate anions therein as sodium 
sulfate, adding to the resulting solution both calcium 
hydroxide and calcium sulfate, said addition supplying 
sufficient hydroxyl ions to the resulting solution to in 
crease the pH thereof into the range 5.5 to 7.0, but not 
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above, so as to precipitate therein substantially only 
calcium phosphite, said addition supplying sufficient cal 
cium cations to the resulting solution to effect the re 
moval therefrom of a substantial proportion of the phos 
phite anions therein, removing the precipitated calcium 
phosphite from the resulting solution, and then adding to 
the resulting solution the required nickel sulfate and so 
dium hypophosphite and hydrogen ions to produce a 
plating solution of desired composition. 

7. The process set forth in claim 1, wherein said alka 
line earth hydroxide is barium hydroxide. 

8. The process set forth in claim 1, wherein said alka 
line earth salt is calcium salt. 

9. The process set forth in claim 1, wherein said alka 
line earth salt is barium salt. 

10. The process set forth in claim 1, wherein said 
alkaline earth salt is calcium sulfate. 

11. The process set forth in claim 1, wherein said alka 
line earth hydroxide is strontium hydroxide. 

12. The process set forth in claim 1, wherein said alka 
line earth salt is strontium salt. 
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