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This invention relates to a process for the preparation 
of metal salts of sulfamic acid. 

It is well known that metal sulfamates are useful as 
electrolytes for the electrodeposition of nickel and other 
metals. As contrasted with electroplating baths that con 
tain such other electrolytes as cyanides, chlorides, silico 
fluorides, or sulfates, baths containing metal sulfamates 
are easier to operate and to control and are usually less 
toxic and less corrosive. Electrodeposits of the metals 
from the sulfamate plating baths are characterized by low 
internal stress, excellent grain structure and ductility, and 
other valuable properties. 

Heretofore the metal sulfamates that are used in elec 
troplating baths have generally been prepared by a series 
of reactions in which a metal carbonate, obtained by add 
ing sodium carbonate to a solution of the metal sulfate 
or chloride, is reacted with sulfamic acid to form the de 
sired salt. In the commercial practice of this process, the 
metal salts are often contaminated with by-product salts 
of the reactions, such as sodium sulfate or sodium chlo 
ride. In addition, elevated reaction temperatures are 
necessary for the completion of the reaction of the metal 
carbonate and sulfamic acid and for the complete elimi 
nation of carbon dioxide. Under the conditions required 
for this reaction, that is, elevated temperature and low pH, 
sulfamic acid is readily hydrolyzed to ammonium acid 
sulfate. This reaction may be represented as follows: 

The ammonium ion that results from this hydrolysis 
reaction is a harmful impurity in the metal sulfamate 
since, for example, it will cause embrittlement of nickel 
electrodeposits from nickel sulfamate plating baths. In 
addition this process involves the use as an intermediate 
of metal chlorides or sulfates which are usually a rela 
tively costly source of the metals. 

Another process that has been suggested for the prepa 
ration of metal sulfamates involves the direct reaction of 
a metal with sulfamic acid in aqueous solution. When 
this reaction is carried out at high temperatures, however, 
the sulfamic acid is hydrolyzed to an appreciable extent 
thus forming metal and ammonium sulfates. When lower 
temperatures are employed, the reaction between the metal 
and the acid takes place so slowly and the yield of the 
metal salt is so low that the process is commercially 
impractical. 

It is therefore an object of this invention to provide a 
simple, efficient, and economical process for the produc 
tion of metal sulfamates. It is a further object to provide 
a process for the production of metal sulfamates that 
are substantially free from metal and ammonium sulfates 
and other contaminants. Other objects will be apparent 
from the detailed description of the invention that follows. 
These objects are accomplished in accordance with the 

present invention by contacting a finely-divided metal with 
sulfamic acid in the presence of water and oxygen. The 
resulting metal sulfamates, which contain only very small 
amounts of ammonium salts and other contaminants, are 
obtained in a substantially quantitative yield. 
A wide variety of metals can be converted to their 

sulfamate Salts by means of the process of this invention. 
This process is of particular value in the preparation of 
sulfamate salts of nickel, cobalt, iron, lead, copper, 
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cadmium, zinc, aluminum, and mixtures of these metals. 
The metal is generally used in the form of a powder So 
that a large metal surface is exposed to the reaction and 
the conversion of the metal to its salt is accomplished 
readily and completely. 

Equivalent amounts of metal and sulfamic acid or a 
stoichiometric excess of either the metal or the acid may 
be used in this process. It is generally preferred to use 
a 5% to 100% molar excess of the metal. 
The conversion of the metal to metal sulfamate may 

be conveniently accomplished by introducing oxygen or 
an oxygen-containing gas into a suspension of the finely 
divided metal in an aqueous solution of sulfamic acid. 
The addition of the oxygen is continued until substantially 
no unreacted metal remains in the reaction mixture or 
until the pH of the reaction mixture has reached a value 
in the range of approximately 4.0-6.5. When the metal 
sulfamate solution is to be used in an electroplating bath 
that is operated at a pH in the range of 1.0-6.5, the 
acidity of the sulfamate solution may be brought to the 
required level by the addition of sulfamic acid. 
The metal sulfamates may if desired be recovered from 

the aqueous solutions prepared in accordance with this 
invention by procedures that are well known in the art, 
for example, by evaporation of the solution to dryness. 
It is generally preferred, however, that these solutions or 
Solutions that have been concentrated under atmospheric 
pressure or Sub-atmospheric pressure be used in electro 
plating baths in order to minimize the hydrolysis of any 
Sulfanic acid that may be present and consequently to 
minimize the contamination of the bath with ammonium 
iOS. 

The present process for the production of metal sul 
famates may be carried out under atmospheric pressure. 
or Superatmospheric pressures. Although the solubility 
of oxygen in water and the reaction rate are increased at 
Superatmospheric pressures, it is generally more economi 
cal and more convenient to prepare the metal sulfamate at 
atmospheric pressure. At atmospheric pressure, the re 
action is ordinarily carried out at a temperature in the 
range of approximately 15 C. to 65° C. Reaction 
temperatures above 65 C. are not usually employed, 
since at such temperatures sulfamic acid is readily hy 
drolyzed. It is generally preferred to carry out the re 
action at a temperature in the range of 35° C. to 50° C. 
The amount of water that is used as the reaction medi 

um is not critical provided that it is sufficient to dissolve 
the metal sulfamate that is formed. It is generally pre 
ferred that an amount of water be used that will dissolve 
at least 25% and preferably all of the sulfamic acid that 
is used in the reaction at the temperature at which the 
reaction is carried out. When the amount of water used 
is less than that required to dissolve all of the metal sul 
famate and/or the sulfamic acid, the reaction may take 
place slowly or fail to reach completion as the result of 
the formation of a layer of solid acid or sulfamate on 
Some of the particles of unreacted metal. This inhibiting 
effect may be avoided when the amount of water used 
is less than that required to dissolve all of the acid by 
adding the acid in several portions to a suspension of the 
finely-divided metal in water and allowing each portion 
of the acid to react to form the more soluble metal sul 
famate before the next portion is added. Larger amounts 
of water than are required to dissolve the sulfamic acid 
may be present, but there is no particular advantage to 
their use. Excellent results have been obtained when 
approximately 2 parts to 25 parts by weight of water was 
used per part by weight of sulfamic acid. - 

For the conversion of the metal to the sulfamate salt 
to take place efficiently, it is necessary that oxygen be 
present in the reaction mixture. The oxygen may be 
added as such or as a compound, for example, a peroxide, 
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that will decompose under the reaction conditions to re 
lease oxygen. The addition of oxygen is ordinarily ac 
complished by bubbling air at atmospheric pressure 
through the mixture during the reaction. The amount 
of oxygen that is added to the reaction mixture can be 
varied within wide limits. In most cases air is bubbled 
through the reaction mixture at such a rate that a total 
of approximately 2 moles to 100 moles and preferably 5 
moles to 30 moles of oxygen is provided per mole of the 

Larger amounts of oxygen may be added if de 
Sec. 

This invention is further illustrated by the examples 
that follow. It is to be understood that these examples 
are given solely for the purpose of illustration and that 
the invention is not to be regarded as being limited to 
any of the specific materials or conditions recited therein 
except as set forth in the appended claims. 

Example I 
A mixture of 49 grams of 99% sulfamic acid, 400 ml. 

of water, and 117.4 grams of powdered nickel (particle 
size: 95% through a #200 U.S. Standard Sieve) was 
agitated and heated to 40° C. Air was blown into the 
mixture at the rate of 140 liters per hour while the mix 
ture was agitated and maintained at 40 C-45 C. When 
the pH of the mixture had risen to 5.0, a second portion 
of 49 grams of sulfamic acid was added. Air injection 
was continued at the rate of 140 liters per hour, and the 
mixture was heated at 40° C.-45° C. until the pH had 
again risen to 5.0. This procedure was repeated until 
196 grams of acid had been added. A total of 12 hours 
was required for the addition of the acid. After all of 
the acid had been added, the mixture was filtered to re 
move unreacted nickel. The filtrate was concentrated by 
boiling it in an open vessel and then cooled to 25 C. 
The pH of the nickel sulfamate solution was brought to 
4.35 by the addition of a small amount of sulfamic acid. 
There was obtained 557 grams of a dark green solution 
that contained 10.5% of nickel which indicated that 
99.6% of the sulfamic acid had been converted to nickel 
sulfamate. The product, which had a specific gravity of 
1.48, contained 0.07% of sulfate, which indicated that 
substantially no hydrolysis of the sulfamic acid had oc 
curred. 

Example II 
A mixture of 196 grams of 99% sulfamic acid, 1800 

ml. of water, and 62 grams of powdered cobalt (95% 
cobalt content; particle size: 100% through a 100 U.S. 
Standard Sieve, 5% through a #200 U.S. Standard Sieve) 
was agitated and heated to 50° C. Air was blown into 
the mixture at the rate of 60 liters per hour for 6 hours 
while the mixture was agitated and maintained at 50 C.- 
55 C. At the end of this period, the pH of the reaction 
mixture was 6.2. After filtration there was obtained 
1963 grams of a reddish-purple solution that contained 
3% of cobalt, which indicated that all of the cobalt had 
been converted to cobalt sulfamate. This solution was 
concentrated by heating it at its boiling point in an open 
vessel and then cooled to 25 C. The pH of the solution 
was brought to 3.95 by the addition of a small amount of 
sulfamic acid. There was obtained 530 grams of a co 
balt sulfamate solution that contained 11.1% of cobalt 
and less than 0.005% of sulfate. Its specific gravity was 
1.48. 

Example III 
A mixture of 294 grams of 99% sulfamic acid, 2800 

ml. of water, and 55.8 grams of powdered iron (particle 
size: 100% through a #100 U.S. Standard Sieve) was 
agitated and heated to 55° C. Air was blown into the 
mixture at the rate of 90 liters per hour for 5 hours dur 
ing which time the mixture was agitated and maintained 
at 55°-60° C. At the end of this period, the pH of the 
mixture was 1.4. After filtration there was obtained 
3040 grams of a pale green iron sulfamate solution that 
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4. 
iron had been converted to iron sulfamate. This solution 
was concentrated under reduced pressure and then cooled 
to 25 C. There was obtained 507 grams of an iron 
sulfamate solution that contained 10.8% of iron and 
0.03% of sulfate. 

Example IV 

A mixture of 196 grams of 99% sulfamic acid, 3700 
ml. of water, and 112.4 grams of powdered cadmium 
(particle size: 100% through a # 100 U.S. Standard 
Sieve) was agitated and heated to 40 C. Air was blown 
into the mixture at the rate of 120 liters per hour for 12 
hours while the mixture was agitated and maintained at 
40-45 C. At the end of this period, the pH of the 
mixture was 2.1. After filtration, there was obtained 
3915 grams of a water-white cadmium sulfamate solu 
tion that contained 2.8% of cadmium and 0.01% of sul 
fate. The conversion of cadmium to cadmium sulfamate 
was 97.6%. 

Example V 

A mixture of 196 grams of 99% sulfamic acid, 1600 
ml. of water, and 66.7 grams of powdered copper (par 
ticle size: 95% through a #200 U.S. Standard Sieve) 
was agitated and heated to 45° C. Air was blown into 
the mixture at the rate of 140 liters per hour for 4 hours 
while the mixture was agitated and maintained at 45 
50 C. At the end of this period, the pH of the re 
action mixture was 4.2. After filtration, there was ob 
tained 1760 grams of a deep blue copper sulfamate solu 
tion that contained 3.6% of copper, which indicated that 
99.7% of the copper had been converted to copper sul 
famate. This copper sulfamate solution was concentrated 
by heating it at its boiling point and then cooled to 25 
C. There was obtained 320 grams of a copper sulfamate 
solution that contained 12% of copper and 0.09% of 
sulfate. 

Example VI 

A mixture of 196 grams of 99% sulfamic acid, 1600 
ml. of water, and 228 grams of powdered lead (particle 
size: 95% through a #100 U.S. Standard Sieve) was 
agitated and heated to 35 C. Air was blown into the 
mixture at the rate of 140 liters per hour for 14 hours 
while the mixture was agitated and maintained at 35 
40° C. At the end of this period, the pH of the mixture 
was 3.3. After filtration, there was obtained 1870 grams 
of a water-white lead sulfamate solution that contained 
10.2% of lead. 

Example VII 

A mixture of 294 grams of 99% sulfamic acid, 2700 
ml. of water, and 27 grams of very finely divided alumi 
num dust was agitated and heated to 40. Air was 
blown into the mixture at the rate of 140 liters per hour 
for 17 hours during which time the mixture was agitated 
and maintained at 40-45° C. After filtration there was 
obtained 2990 grams of a slightly hazy solution that 
contained 0.80% of aluminum and 0.005% of sulfate. 
The pH of the solution was 1.4. 

I claim: 
1. The process for the production of metal sulfamates 

which comprises introducing a gas selected from the group 
consisting of oxygen and an oxygen-containing gas into 
a suspension of a finely-divided metal selected from the 
group consisting of nickel, cobalt, iron, lead, copper, 
cadmium, zinc, aluminum, and mixtures thereof in an 
aqueous solution of sulfamic acid, said suspension con 
taining an amount of the metal that is at least equivalent 
to the amount of sulfamic acid that is present and con 
taining an amount of water sufficient to dissolve the metal 
sulfamate that is formed at a temperature in the range 
of approximately 15° C. to 65° C., thereby forming an 
aqueous solution of said metal sulfamate. 

2. The process of claim 1 wherein the oxygen-con 
contained 1.8% of iron, which indicated that 98% of the 75 taining gas is air, 
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3. The process of claim 1 wherein the reaction tem 
perature is in the range of 35 C. to 50° C. 

4. The process of claim 1 wherein the metal is nickel. 
5. The process of claim 1 wherein the metal is cobalt. 
6. The process of claim 1 wherein the metal is iron. 
7. The process of claim 1 wherein the metal is cad 

mium. 
8. The process of claim 1 wherein the metal is copper. 
9. The process for the production of nickel sulfamate 

which comprises introducing air into a suspension of 
finely-divided nickel in an aqueous solution of sulfamic 
acid, said suspension containing a 5% to 100% stoichio 
metric excess of nickel and containing an amount of 
water sufficient to dissolve the nickel sulfamate that is 
formed, at a temperature in the range of approximately 
15° C. to 65 C. until substantially all of the sulfamic 
acid has been converted to nickel sulfamate thereby form 
ing an aqueous solution of nickel sulfamate. 

10. The process of claim 9 wherein the total amount 
of air introduced is that which will provide approxi 
mately 2 moles to 100 moles of oxygen for each mole of 
metal in the suspension. 

11. The process for the production of nickel sulfamate 
which comprises introducing air into a suspension of 
finely-divided nickel in an aqueous solution of sulfamic 
acid, said suspension containing a 5% to 100% stoichio 
metric excess of nickel and containing an amount of 
water Sufficient to dissolve the nickel sulfamate that is 
formed, at a temperature in the range of 35° C. to 50 
C. until substantially all of the sulfamic acid has been 
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converted to nickel sulfamate and filtering the resulting 
suspension thereby obtaining an aqueous solution of 
nickel sulfamate having a pH in the range of approxi 
mately 4.0 to 6.5. 

12. The process of claim 11 wherein the total amount 
of air introduced is that which will provide approxi 
mately 5 moles to 30 moles of oxygen for each mole of 
metal in the suspension. 

13. The process for the production of metal sulfamates 
which comprises introducing oxygen into a mixture con 
taining (a) a finely-divided metal selected from the group 
consisting of nickel, cobalt, iron, lead, copper, cadmium, 
zinc, aluminum, and mixtures thereof, (b) sulfamic acid, 
and (c) water, said mixture being maintained at a tem 
perature in the range of approximately 15° C. to 65 C. 
during the introduction of the oxygen and containing an 
amount of water that is sufficient to dissolve the metal 
sulfamate that is formed. 

14. The process of claim 13 wherein the reaction mix 
ture is maintained at a temperature in the range of 35 C. 
to 50 C. during the addition of the oxygen. 
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