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This invention relates to an improved bath and process 
for nickel plating by chemical reduction. 

It is well known that various metals may be nickel 
plated by chemical reduction in an aqueous bath con~ 
taining nickel ion and hypophosphite ion, the plating re 
action being: 

This reaction whereby the plating occurs is catalytic and 
autocatalytic, its initiation usually being accomplished by 
way of the catalytic effect of the article being plated and 
its continuance being catalyzed by the nickel which is 
deposited. Various metals may ‘be plated by the process, 
for example, copper, gold, aluminum, iron, nickel, silver, 
cobalt, palladium, platinum. Magnesium ‘and thorium 
also display the catalytic effect and theoretically, there 
fore, may be plated by the process; however, the plating 
of these metals has presented a serious problem in that 
when they are immersed in baths such as have hereto 
fore been used, they are chemically attacked by the solu 
tion with the result that a satisfactory plate is not 
obtained. 

It is an object of the present invention to provide an 
improved electroless nickel plating bath and process 
which is particularly useful for nickel plating magnesium 
and also thorium. Another object of the invention is the 
provision of an electroless nickel plating bath and process 
which provides an improved'nickel deposition and which 
has improved stability even in the presence of magnesium 
and thorium. While the bath and process have particular 
utility and advantages in the plating of magnesium and 
thorium, other metals such as those mentioned above may 
also be plated, the improved stability and the high plating 
rate of the bath and process being highly advantageous 
irrespective of the precise metal being plated. Other ob 
jects and advantages of the invention will appear more 
fully from the following description of various embodi 
ments thereof. 

In accordance with the invention the aqueous nickel 
plating bath is formulated to contain the following in 
gredients in the concentration indicated: 
Nickel ion ________________________ __ From .005 to .20 mole per liter. 
Hypophosphite ion__ __ From .01 to .40 mole per liter. 
Fluoride ion __________ __ _- From .20 to 1.0 mole per liter. 
Alkyl or alkanol amine ___________ -_ Sufficient to provide an N to Ni++ 

ratio of from 1:1 to 10:1. 
Carboxylie acid or salt thereof as a Sui?eient; to produce a carboxyl 
buffer. group-to- ypophosphite ion ratio 

from 1:1 to 10:1. 
Initial pH ________________________ __ 7 to 11. 

The nickel ion may be added as nickel acetate or nickel 
sulphate and the hydrophosphite as sodium hypophos 
phite, potassium hypophosphite or hypophosphorous acid. 
For the source of the ?uoride ion, it is preferable to use 
ammonium bi?uoride, though sodium ?uoride, potassium 
?uoride or hydro?uoric acid may be used if desired. The 
carboxylic acid radical used as a buffer may, for ex 
ample, be acetate, propionate, succinate,‘lactate, glycol 
late or citrate, added either as the acid or as a sodium or 
similar soluble salt thereof. As indicated by these ex 
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amples, the carboxylic acid used as the buffer may be a 
polycarboxylic acid or an hydroxy carboxylic acid. Since 
a polycarboxylic acid furnishes more carboxyl groups per 
mole than, does a monocarboxylic acid, their use is gen 
erally desirable. We prefer to use citric acid as the 
buffer. _ 

The amine must be sut?ciently soluble in the bath to 
provide the desired concentration, and must also have a 
suf?ciently high boiling point so that it is not lost due 
to evaporation at the desired bath temperature which 
should be in the range of 130° F. to 210° F., preferably 
above 160° F. Amines which are satisfactory are any of 
the primary, secondary or tertiary ethyl amines or propyl 
amines, ethylene or propylene 'diamine, ethanol amine, 
di or tri ethanol amine, methanol amine, di ortrilmeth 
anol amine, propanol amine, or di or tri propanol amine. 
The initial pH of the bath, which is on the alkaline 

side, may be adjusted-by addition of the amine ingredient 
or by the addition of sodium or potassium hydroxide. 
For optimum results, however, it is preferred that the 
N to NH ratio be on the order of 5:1 and thus it is 
desirable to add just su?icient amine to provide this 
preferred ratio and then adjust the initial pH by the 
addition of potassium hydroxide or sodium hydroxide. 
The following speci?c examples will serve to illustrate, 

Example I being the preferred bath by way of its precise 
ingredients and also by way of the amounts thereof which 
are used: 

Example I 
Nickel sulfate ____ -. ________ _-grams per liter.- _ 5.5 

Sodium hypophosphite _______________ --do--__ 8.3 
Citric acid (in - 10 
Triethanolamine N(C2H4OH)3 ____-ml. per liter... 20 
Ammonium bi?uoride (NH4F-HF) 

grams per liter_- 10 
pH (adjusted by addition of NaOH) __________ ..-‘ 8.0 
Temperature ________________________ __° F-. 205 

Example II 
Nickel sulfate ______________ "grams per liter_- 5 
Sodium hypophosphite _______________ __do---- 8.3 
Acetic acid _________________________ __do-__- 10 
Triethanolamine _________ --ml. per liter_. Approx.‘ 60 
Ammonium bi?uoride _______ _-grams per liter.- 10 
pH (adjusted by the amine added) ___________ -- 8.0 
Temperature ________________________ _-° F..- 190 

Example III 
Nickel sulfate ______________ __grams per liter..- 5.5 
Sodium hypophosphite _______________ ..do..... 83 
Citric acid dn 9 
Potassium ?uoride ___________________ __do__..._ 11.8 
Ethanolamine NH2(C2H4OH) -_-_-ml. per liter- 
pH (adjusted by addition of KOH) __________ -- 8-0 
Temperature _____________________ ___° F__ 185-190 

Example IV 
Nickel sulfate _______________ -_grams per liter_- 11 
Sodium hypophosphite _______________ __do__-- 16.6 
Citric acid dn 17 
Potassium ?uoride __________________ _._do_.___ 21.7 
Triethanolamine _____________ __mls. per liter..- 40 
pH (adjusted with KOH) __________________ __ 8.1 
Temperature _____________________ __° F__. 185-190 

Example V 
Nickel sulfate ______________ "grams per liter-- 5 
Sodium hypophosphite _______________ _._do_--- 8.3 
Citric acid _________________________ __do-__- 8 5' 
Ammonium bi?uoride ________________ -_do.._-_ 8 
Triethylamine N(C2H5)3 -_--mls. per liter-- Approx. 80 
pH (adjusted by the amine added) __________ -_ 10.85 
Temperature ________________________ .._° F... 210 
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‘Example VI 
Nickel sulfate ______________ __grams per liter__. 17.6 
Sodiumhypophosphite ________________ __do__.__ 26.6 
Ammonium ,bi?uoride ,_____ _________ __,_do_,___ 27.8 
‘Citric acid _____ _________ __,_ ________ __'do____ 180 

Ethanolamine _____ __, ____ ______moles,_per_,liter.._ 50 

pH (adjusted withTNaOH) ________ .____ ____ __,___ 8.0 

Temperature ______ _________________ __,__°,F__ .135 

To practice the process of the invention, the magnesi 
;llm,1~_th0n1_lm._or other tmetal‘article to ‘be plated :is ?rst 
thoroughly .cleaned by conventional degreasing . and 
chemical. cleaning procedures and .is ‘then immersed. into 
the bath until the desired :plating. thickness is obtained. 
The. precise plating. rate attained is dependentupon ‘the 
concentrations .of ~thefbath :ingredients and also upon 
hath‘temperature. :‘In general,.the' higher the nickel in 
concentration .and therhigher the. temperature, ‘the‘faster 
“the:platingrratmkhoweverp=with increased nickel concen 
tration =and-.;with. increased: temperature the greater is .the 
‘possibility-of bath instability. The preferred. bath as set 
forth indExampleI-provides an initial plating rate of- about 
1.0015‘ inch perv hour .which is. excellent; at the same time, 
this bathis very- stable- and can. therefore be operated on 
a production basis-‘without the 1hazard- of precipitation 
occurring. 

‘After. the bath has‘- been operated -for-a. timeirit may, 
if desired,‘ be'replenished 'by- the addition~of \nickel ion, 
~hypophosphite>ionrand potassium or sodium hydroxide. 
Fort examplera bath as speci?ed in Example V above 
was operated until- there was substantial depletion of the 
nickel ion (at which point the pH of the bath was 6.4) 
and then replenished by the addition of 9 grams nickel 
sulfate,,9 .grams sodium hyphosphite and su?icient sodi 
um hydroxide to raise .the pH to 10.9. The replenished 
bath wasjhen ,used again for furtherplating until the 
nickel was once more. depleted. _, Also, replenishment 
may, if desired, be on acontinuous basis so as to keep 
the bath~in_continuous operation for an extended period. 

It is to be nnderstoodthat while the-inventionhas been 
‘described chie?y by reference to particular embodiments 
thereof, it is not so limited since various changes and 
modi?cations may be made, all within the full and in 
tended scope of the claims?which follow. 

‘We-claim: 
1. Achemicalreduction type-nickelplating bath com~ 

prisingran aqueous-solution having an initial pH of be 
tween ‘7-and 11 andv containing the following in the 
concentrations indicated: 

Nickel ion ________________ __> ____ ____- From .005 to .20 mole per liter. 
Hypophosphite ion... __-_ From .01 to .40 mole per liter. 
Fluoride ion _____________ _- _.._ From .20 to 1.0 mole per liter. 
Alkyl or alkanol amine ____________ .-Su?icient to provide an N to Ni++ 

ratio 01’ from 1:1to 10:1. 
Cajrlbggrylic acid or salt thereof as a ‘ Su?icicnt to produce .a carboxyl 

. group-to-hypophosphite ion ratio 
of from 1:1.to_l0:1. 

2. A chemical reduction type nickelplating bath com 
prising an aqueous-solution‘having- an initial pH, of between 
7 and. lland containing from-.005 to .20 mole per liter 
nickel ion, from .01 to .40 mole-per liter hypophosphite 
ion, from .20 to 1.0 mole per liter ?uoride ion, ,sut?cient 
amine to provide an N to Ni++ ratio of from 1:1 _to 10:1 
and su?icient carboxylic acid'bu?er to produce a carboxyl 
grOUp-to-hypophosphite ion ratio of'from 1:1 to 10:1, 
said aminebeing selected‘ from the group consisting of 
the methyl, ethyl and propyl amines, the methanol, 
ethanol and propanol amines and the ethylene and 
propylene diamines. 

3. A chemical reduction type-nickel plating bath com 
prising an aqueous. solution having an initial, pH of 
between 7 ‘and 11 and containing from .005 to .20~m_ole 
per liter nickel ion, from .01 to .40 mole per liter hypo 
;phosphite ion, from .20 to 1.0 mole per liter ?uoride ion, 
sufficient amine to provide an N to Ni++ ratio of from 
;1¢:1.to 10:1 and su?icient carboxylic acid buffer to pro 
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4 
duce a carboxyl group-to-hypophosphite ion ratio of 
from 1:1 to 10:1, said ,amine being selected from the 
group consisting of the methyl, ethyl and propyl amines, 
the methanol, ethanol and propanol amines and the 
ethylene and propylene diamines, and said butter being 
selected from the group consisting of acetic acid, propionic 
acid, succinic acid, lactic acid, glycolic acid, citric acid 
and the soluble saltsthereof. 

v4. A hemical reduction type nickel plating bath com 
prising an aqueous solution having an initial pH of 
between 7 and 11 and containing nickel sulfate sufficient 
to produce from .005 to .20 mole per liter nickel ion, 
sodium hypophosphite su?icient to produce from .01 to 
.40 mole per liter hypophosphite tion, ammonium bi?uo 
ride sufficient to produce from .20 to 1.0 mole per liter 
?uoride ion, triethanolamine sufficient to provide an N 
to Ni++ ratio of from 1:1 to 10:1 and citric acid suffi 
cient to produce a carboxyl group-to-hypophosphite ion 
ratio ofirom 1:1 to 10:1. 

5. A chemicalreduction type tnickel plating bath com 
prising an aqueous solution having an initial pH of 
between 7 and 11 and containing the .following in the 
concentrations indicated: 
Nickel ion __________ _. .. From .005 to .20 mole per liter. 
Hypophosphlte ion From .01 to .40 mole per liter. 
Fluoride ion ________ .. ‘From .20 to 1.0 mole per liter. _ 
Alkyl or elkanol amin ._ Sufficient to provide an N to NH’ 

' ratio of about 5:1. 
Cerboxylic acid or salt thereof as a Sufficient to produce a carboxyl 
buiier. group-to-hypophosphite ion ratio 

of from 1:1 to 10:1. 

6. A‘chemical reduction ‘type nickel plating bath com 
prising an aqueous solution having an initial pH of 
about 8 and containing thewfollowing-in the concentra 
tionsindicated: 
Nickel sulfate ________________ __grams per liter-.. 5.5 
Sodium hypophosphite ______ “g ________ __do____ 8.3 

Citric acid ___________________________ __do____ 10 
Triethanolamine ________________ __ml. per liter__ 20 
Ammonium bi?uoride __ _______ __grams per liter__ 10 

7. A process for depositing nickel by chemical reduc 
tion comprising‘ immersing the article to be plated in a 
bath maintained at a temperature of. between 130° and 
210° ‘F., having an initial pH of between 7 and 11 and 
containing the following in the'concentrations indicated: 
Nickel ion ________ __ _- From .005 to .20 mole per liter. 
Hypophosphite ion ._ From .01 to .40 mole per liter. 
Fluoride ion ...... ._ __ From .20 to 1.0 mole per liter. 
Alkyl or alkanol amine ___________ _. Sufficient to provide an N to Ni-H 

ratio of from 1:1 to 10:1. 
Carboxylic acid or salt thereof as a .Sut?cient to produce a carboxyl 
butter. group-to-hypophosphite ion ratio 

ofttrom 1:1 to 10:1. 

8. A process for nickel plating by chemical reduction 
an article'made of a metal selected (from the group con 
sisting of magnesiumand ‘thorium, said- process compris 
ing immersing said article in a solution having an initial 
pH of between 7 and 11 and containing the following 
in the concentrations indicated: 
Nickel ion _______ -_ 
Hypophosphite ion - From .01 to .40 mole per liter 
Fluoride ion _____ _. _ From .20 to 1.0 mole per liter. 
Alkyl or alkanol amine.-. ...-_ Sufficient to provide an N' to Ni++ 

ratio of from 1:1 to 10:1. 
Carboxylic acid or salt thereof as a Su?icient to produce a carboxyl 

er. group-to-liypopliosphite ion ratio 
of from 1:1 to 10:1. 

9. A process for nickel plating by chemical reduction 
an article made of a metal selected from the group con 
sisting of magnesium and thorium, said process comprising 
immersing said article in a solution having an initial pH 
of between 7 and 11 and containing from .005 to .20 
mole per liter nickel ion, .from .01 to .40 mole per liter 
hypophosphite ion,’ from .20 to 1.0 mole per liter ?uoride 
ion, su?icient amine to provide. an N to Ni++ ratio of 
from>1:1 to 10:1 and sufficient carboxylic acid buffer 
to, producea carboxyl grouprto-hypophosphite ion ratio 
of-from 1:1 to 10:1, said (amine being selected from the 
group consisting ofrthe methyl, ethyl and propyl amines, 
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the methanol, ethanol and propanol amines and the 
ethylene and propylene diamines. 

10. A process for nickel plating by chemical reduction 
an article made of a metal selected from the group con 
sisting of magnesium and thorium, said process compris 
ing immersing said article in a solution having an initial 
pH of between 7 and 11 and containing from .005 to 
.20 mole per liter nickel ion, from .01 to .40 mole per 
liter hypophosphite ion, from .2 to 1.0 mole per liter 
?uoride ion, su?icient amine to provide an N to Ni++ 
ratio of from 1:1 to 10:1 and su?icient carboxylic acid 
buifer to produce a carboxyl group-to-hypophosphite ion 
ratio of from 1:1 to 10:1, said amine being selected from 
the group consisting of the methyl, ethyl and propyl 
amines, the methanol, ethanol and propanol amines and 
the ethylene and propylene diamines, and said buffer being 
selected from the group consisting of acetic acid, pro 
pionic acid, succinic acid, lactic acid, glycolic acid, citric 
acid and the soluble salts thereof. 

11. A process for nickel plating by chemical reduction 
an article made of a metal selected from the group con 
sisting of magnesium and thorium, said process comprising 
immersing said article in a solution having an initial pH 
of between 7 and 11 and containing nickel sulfate su?i 
cient to produce from .005 to .20 mole per liter nickel 
ion, sodium hypophosphite su?icient to produce from .01 
to .40 mole per liter hypophosphite ion, ammonium bi 
?uoride su?icient to produce from .2 to 1.0 mole per 
liter ?uoride ion, triethanolamine sufficient to provide an 
N to Ni++ ratio of from 1:1 to 10:1 and citric acid 
su?icient to produce a carboxyl group-to-hypophosphite 
ion ratio of from 1:1 to 10:1. 
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12. A process for nickel plating by chemical reduction 

an article made of a metal selected from the group con~ 
sisting of magnesium and thorium, said process compris 
ing immersing said article in a solution having an initial 
pH of between 7 and 11 and containing the following 
in the concentrations indicated: 
Nickel ion _______ _. __ From .005 to .20 mole per liter. 
Hypophosphite ion __ From .01 to .40 mole per liter. 
Fluoride ion ________ __ From .2 to 1.0 mole per liter. 
Alkyl or elkanol amine __________ .: Sufficient to provide an N to N iM 

ratio of about 5:1. 
Carboxylie acid or salt thereof as a Sufficient to produce a carboxyl 

bu?‘cr. group-to-hypophosphite ion ratio 
of from 1:1 to 10:1. 

13. A process for nickel plating by chemical reduction 
an article made of a metal selected from the group con 
sisting of magnesium and thorium, said process COIIIPHS 
ing immersing said article in a solution having an imtial 
pI-l of about 8 and containing the following in the con 
centrations indicated: 

Nickel sulfate ________________ "grams per liter__ 5.5 
Sodium hypophosphite _________________ __do____ 8.3 ' 
Citric acid do ___ 10 
Triethanolamine ________________ __ml. per liter__ 20 
Ammonium bi?uoride _________ __grams per liter__ 10 
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