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This invention relates to the art of electro 
deposition and particularly to compositions, baths, 
and processes for the electro-deposition of indium. 
In certain of its more speci?c aspects it relates 
to the e'lectro-deposition of indium together with 
another metal, and'in certain of its broader as 
pects it relates to the joint deposition of a plu 
rality of metals. 
Although indium can be deposited from various 

of its salts ‘by electrolytic action, difficulties are 
experienced in practice which make most of such 
salts unsuitable for electro-plating of commercial 
articles. In ordinary practice a bath composed 
of indium cyanide solution with various addition 
agents has been used to the exclusion of others. 
Even this bath, however, is unsatisfactory in sev 
eral respects, especially in the poisonous char 
acter of the salt and the fact that the bath be 
comes dark and opaque so that one cannot see 
the work during the plating operation. 

It is, therefore, one object of the invention to 
provide a better bath and plating process which 
will be' free from these objections. It is an object 
to provide for the plating of indium without the 
use of highly poisonous chemicals. It is an object 
of the invention to provide a plating bath and 
process by which the bath may be kept clear and 
transparent so that the work can be kept under 
observation at all times. It is also an object of 
the invention to provide a plating bath and 
method which will take indium from metallic 
‘anodes and deposit it on the articles being plated 
without substantial deterioration of the bath. 
Another object is to provide a plating bath which, 
although capable of plating indium through the 
bath from anode to cathode, will not dissolve the 
anodes when they are left in the bath without 
passage of current. Another object is to provide 
a bath and process for plating indium which has 
good throwing power, gives a dense electro-plate 
of high quality and in general meets the require 
ments of commercial use. Still another object is 
to provide a bath and method well adapted to 
co-deposition of indium with other metals. An 
other object of the invention is to provide a com 
position which can be prepared under fully con 
trolled conditions of chemical manufacture and 
furnished to platers for making of baths by simple 
mixing with water, whereby to eliminate many 
sources of trouble due to improper composition 
of plating baths. 
In accordance with the invention, these objects 

are achieved by use of compositions for the plating 

10 

15 

20 

25 

30 

35 

40 

45 

50 

bath containing the sulfamate radical -SO3NH2 ' 
which forms an anion in the bath for transfer 55 

2 
ring the indium from anode to the articles being 
plated at the cathode. The bath should be kept 
at room temperature to avoid excessive hydrolysis 
of the sulfamic acid. It should be maintained at 
a pH below about 3.5 and should not exceed 3.8 
at the outside unless certain addition agents are 
present. Sui?cient sulfamate ion should be pres 
ent to carry the indium, but other anions com 
patible with the various ingredients of the bath 
may be present. ‘This permits the supplying of 
indium to the starting composition in any of a 
variety of compounds. 
The indium may be introduced into the bath or 

bath~forming composition in the form of the hy 
droxide or any salt of which the anion would not 
be incompatible with other ingredients of the bath 
and would not objectionably attack the anodes or 
cathodes. It may, for example, be introduced as 
indium sulfam'ate, chloride, bromide, sulfate, etc. 
If the composition is to be. stored or packaged dry, 
the hygroscopic salts should be avoided. In such 
case indium sulfamate or other salt of an organic 
acid, e. g. indium carbonate, indium acetate, 
indium formate, can be used. It is likewise pos 
sible to use acids other than sulfamic acid for 
pH control. 
The concentration of the indium sulfamate may 

be widely varied. For best results the concentra 
tion of indium (expressed as equivalent weight 
of indium metal regardless of the particular salt 
used) should be about 20 to 60 grams per liter, 
with the optimum about 30 grams per liter. As 
much as 130 and as little as 10 grams per liter, 
however, will give an effective plating. The use 
of certain organic acids, or their salts, for ex 
ample, malic acid, alkali malates, alkali tartrates, 
or tartaric acid, holds the indium in solution if 
the conditions in the bath are such as to cause 
incipient precipitation. With proper concentra 
tion of these organic acids or salts in the bath it 
may be operated at pH values ranging from 0-7 or 
above the normal precipitating point for indium 
hydroxide. The concentration of sulfamate ion 
(expressed as equivalent weight of sulfamic acid 
whether present as acid, salt or ion) should for 
best results be about 167 grams per liter, with 
the optimum for ordinary commercial conditions 
about 226 grams per liter. As much as 760 and as 
little as 85 grams per liter may be present and 
still give a useful plating of indium. The presence 
of other anions, e. g. Cl, Br, S04, etc., insofar as 
they are not inconsistent with other ingredients 
of the bath, do not adversely affect the plating 
bath. 
The indium may also be supplied initially to a 



3 
strongly acid bath directly from an indium-con 
taining anode by passing a current through the 
bath from an indium anode. It is better, how 
ever, to use a composition which provides indium 
ions immediately. In any case, the amount of 
indium deposited from the bath by electrolysis 
will be eifectively replaced from such an anode 
during a plating operation; and 'ef?ciencies at 
both cathode and anode of approximately 100% 
are ‘attainable in practice by this invention. The 
anode may be indium, or a mixture or alloy of 
indium and one or more other metals such, for 
example, as lead, zinc, copper, cadmium, tin, 
silver, gold; or an indium anode and an anode 
or anodes of one or more said metals may be em 
ployed jointly. 
Various sources of —SO3NH2 are satisfactory, 

among them, 'sulfamic acid, indium sulfamate, 
sodium sulfamate, potassium sulfamate, ammo 
nium sulfamate, aluminum suliamate, and, in 
general, sulfamates of metals higher in the 
E. M. P. series than indium. 

Addition agentsmay be used, as well understood 
in the art of electro-plating. It is particularly ad 
vantageous to use addition salts, especially sodium 
sulfamate, and various organic compounds, espe 
cially nitrogen-containing compounds such as 
amines, which ‘form heavy complexes with metals, 
such, for example, as triethanolamine, ethanol 
amine, diethanolamine. Dextrose and other sac 
charides ‘may ‘be used with advantage in the 
baths of our presentinvention. Triethanolamine 
and dextrose in particular are effective to im 
prove the throwing power of the bath and the 
?neness and density of the deposit, Too much ;_ 
of these latter .agents, however, has been found 
to increase the tendency to gassing. Wetting 
agents improve throwing power, but many of 
the common wetting agents so far reduce the 
rate of deposition as to be regarded as objec- {l 
tionable. The vuse of addition salts, especially 
the alkali‘metal (including ammonium) salts im 
prove'the throwing power, giving a more regular 
deposit, and ‘by‘increasing the available ions may 
facilitate co-deposition of metals where one has 
greater af?nity "for the sulfamate ions than the 
other, 
A composition such as contemplated by the in 

vention is normally utilized in aqueous solution, 
but can be used in other ionizing solvents, e. g. 
the lower acid amides. It is an important feature 
of this invention, ‘however, that all of the ingre 
dients of the bath except the solvent can be fur 
nished in ‘dry form as a commercial product, 
which can be mixed with solvent by unskilled 
help, and the proper speci?c gravity can be ' 
quickly ‘checked with a hydrometer. When the 
bath is to be thus sold as a dry composition, it 
is-advantageous to avoid hygroscopic compounds; 
and since ‘most of the indium salts of inorganic _, 
acids are hygroscopic, there is an important ad- ' 
vantage in the use of indium sulfamate as such 
in the dry composition. 
vIndium sulfamate, when used, provides both 

SOz'NI-Iz ions and the initial ‘In ions in the bath. , 
It is essential ‘that some free acid be present 

to hold the pH down. The optimum acidity of 
the bath is between pH 1.0 and 1.5, and excellent 
results are attained with pH as high as 2.0, A 
critical point ‘is reached at pH 3.5 to 3.8 beyond 
which point the bath is no longer satisfactory in 
the absence of such addition agents as malates, 
tartrates, etc. It is well in most cases to keep 
well on the acid side of this criticalpoint. It is 
advantageous, in many cases, in the absence of 
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such addition agents as malate's, etc., to use ex~ 
cess sulfamic acid to give such pH, especially 
Where a dry composition is furnished and where 
one is co-plating with lead, silver or other metal 
which would be precipitated or attacked by other 
acids; but the use of other acids such, for ex 
ample, as hydrochloric, hydrobromic, sulfuric, 
etc, is satisfactory in other cases, is within the 
scope of the invention, and has some distinct ad 
vantage. 
The composition of our invention may be ?rst 

assembled in the bath (with the ingredients more 
or less ionized); or it may be provided as a con 
centrate solution to be diluted for use, or it may 
be packaged and distributed as a dry composition 
to be dissolved in an appropriate amount ‘of water 
for making up the plating bath. 
As an example of this invention, a plating bath 

embodying our invention may be prepared by dis 
solving 65 gm. of NaOH in 700 cc. of water, cool 
ingv and adding slowly with stirring 207 gms. 
HSO3NH2 being careful to avoid overheating. To 
this solution add ‘57.8 gms. InCla (equivalent to 
about 30 gms. indium metal). ‘This may be added 
as a slightly acidaqueous solution of II1CI3 of the 
concentration v1:05 ‘grams InCla per ml. liter. To 
this solution is then added "2 cc. triethanolamine 
and 8 grams dextrose. Water is then added to 
make a total volume of one liter and the result 
ing solution stirred thoroughly to effect complete 
solution and mixing .of all‘constituents. The thus 
combined solution is ‘?ltered and ‘is ready for use 
as a plating bath. For any required volume of 
bath the amountsgiven above are all multiplied 
by the number 'of liters of bath ‘required. 
The resulting'bath contains indium trichloride, 

hydrochloric acid, indium sulfamate, sulfamic 
acid, sodium chloride, sodium sulfamate, and the 
various ions vvall ‘in equilibrium. 
Due to varying amounts of free hydrochloric 

acid in the ‘indium chloride, the baths made up 
in this way ‘from commercial materials may have 
slightly different pH values. With vthe propor 
tions-set forth in “the-above example pH values 

a. may mange from L0 to 1.5, however, pH is not 
‘critical ‘in this range, which seems to be an opti 
mum range. 
A ‘2-liter bath of "the ‘above composition which 

tested pH 144, was used to immerse an indium 
ano'oleanda copper cathode, each having an area 
of ‘20~sq. in. A current/of 11 amp. was passed 
through the bath "15 hours at room temperature, 

, after which the cathode showed again of 21.138 

70 

gm. or 2-3.48*mg./amp. min. The ‘anode showed 
a loss of 22.0244 pgm. or‘ 24.47 ~mg./'amp. min. 
‘The differencein cathode gain and anode loss 

is’ accounted ‘for by insoluble ‘sediment from the 
anode. There is no sludging of ‘the bath top or 
‘bottom andno apparent break-down ‘of ‘the addi 
tion agents. Any difficulty with ‘sedimentation 
may be overcome, if necessary, ‘by enclosing the 
anode (in a parchment or cloth bag. 
The indium plating on the cathode was very 

dense "and smooth‘ and there was only slight 
burring at the edges. 
The‘bathwas then ?ltered and re-rated. Sue- 

cessive tests showed'the rate of'deposition to be 
23.5 to '2316; "Successive tests on copper, indium, 
and ‘lead cathodesgave rates of ‘23,235 and 23.6 
mg.'/amp. vmin, respectively. The ef?ciency of 

r this bath ‘therefore is approximately ‘99%. 

75 

Throwing power was tested in a cell using a 
copper cathode "2"’ x ‘5" in the form of a cylin 
der whichwas plated ati'? amp. for '10 min. The 
throwing power compared very favorably with 
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.that of indium cyanide baths, and was far 
superior to other acid type indium baths. 
Indium anodes used with this loath are not ap 

preciably attacked when idle, and are nearly 100% 
Agitation of the bath is 

desirable, but not essential. Gassing may be 
overcome by agitation, thorough cleaning (elec 
trolytic) of the cathode, or by flashingr for a few 
seconds at low current density before raising the 
current density to the desired rate. If bubbles 
are allowed to form at high current density and 
cling to the cathode, they would leave unplated 
spots. After a flash of indium has been de- 
posited, the bubbles do not cling to the piece, and 
very little gassing occurs even at relatively high 
current densities. A coating of lead has‘a simi 
lar' deterrent effect on gassing. 1 

Current densities ranging up to 100 amp. per 
square foot give satisfactory results. 20 amp. per 
sq. it. has given optimum results under ordinary 
plating conditions. 
Although in commercial practice addition 

agents will ordinarily be used, a good plating 
with indium can be obtained by a simple solution 
of indium sulfamate with excess sulfamic acid 
and with or without other ions remaining from 
production of the bath. As one example of this 
indium chloride may be added to strong aqua am 
monia in proportion of 1 mol. of the indium 
chloride to 3 mols. of ammonium hydroxide, and 
to this is added with stirring 3 mols. of sulfarnic 
acid. The chloride ion seems to aid the solution 
of the indium hydroxide precipitate and serves 
as part of the excess acid to maintain the re 
quired acidity in the plating bath. 
The resulting solution may be packaged and 

distributed as a concentrate which when diluted 
to a desired concentration, e. g., to 130 or even 10 
grams per liter of indium, can be used effectively 
for plating indium from indium anodes. ‘ 
Instead of aqua ammonia, other alkali metal 

‘hydroxides may be used especially sodium hy~ 
droxide or potassium hydroxide. 
A similar bath may be made Without the addi 

tion of the alkali, merely adding three mols. of 
sulfamic acid for each mol. of indium chloride 
either in‘ concentrated solution for distribution 
or in a dilution suitable for the actual plating 
bath. ,All products of the reaction may be left 
in solution. 
Such a bath of 30 gm. per liter strength gives 

approximately 100% anode and cathode ei?cien 
cies, no sludging at the anode and no substantial 
dissolution of the anode when standing in the 
idle bath. The pH of the bath as ?rst made is, 
for example, in a particular case using commer 
cial chemicals, 2.45 and after plating for 10 hours 
at 10 amps. per square foot was pH 2.5. Throwing 
power in this bath was excellent. 
Where indium sulfamate is to be supplied to 

the plating composition or otherwise used as 
such, it can be readily made by precipitation 
from an aqueous solution of a soluble indium 
salt with a strong base, the corresponding salt of 
which is soluble. Thus three mols. of sodium 
hydroxide may be added to a water solution of 
one mol. of iridium trichloride. Indium hydroxide 
precipitates and can be separated from the so 
dium chloride solution and then added to a solu 

_ tion of sulfamic acid in equivalent amount (i. e., 
three mols.) . The indium sulfamate thus formed 
can be used directly in solution or the solution 
can be evaporated under vacuum, e. g. at a tem 
perature below about 60° C. to recover the solid 
salt. 
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Although the above examples refer particularly 

vto aqueous solutions, the invention is applicable 
also to use with other ionizing solvents. Thus 
the lower acid amides particularly are suitable. 
As one example of this 20 parts by weight of sul 
famic acid was dissolved in 100 parts by weight 
of formamide and into this was stirred 3 parts by 
weight indium hydroxide. This bath, when used 
under ordinary plating conditions, gave approxi 
mately 100% cathode ef?ciency. Formamide is 
also advantageous in co-deposition of metals 
from sulfamate solutions, e. g. of indium and lead, 
zinc, silver, copper, or other non-ferrous metals. 
As another example of the invention, the in 

gredients of the bath may be made up in dry com 
position to be sold and packaged in dry form and 
then dissolved in a predetermined quantity of 
water to form the plating bath. For this pur 
pose 45.84 grams sodium chloride, 105.36 grams 
indium sulfamate, 150.00 grams sodium sulfa 
mate, 26.40 grams sulfamic acid, 8.00 grams dex 
trose, 2.25 grams triethanolamine or a total 
weight of 337.85 grams of the mixture areto be 
dissolved in water to make one liter of plating 
solution; the triethanolamine is the only liquid 
constituent and can be supplied in a capsule. 
For use this composition is mixed with water in 

proportion of 2.83 lbs. average per gallon, giving 
a solution of pH 1.0-1.5. This may be used as a 
‘bath for plating lead faced bearings, for example, 
with a pure indium anode spaced equidistant from 
the bearing face and with a plating current of 
20 amperes per square foot of surface being 
plated. 
As another example of the invention, indium 

and lead may be codeposited from a bath prepared 
as follows. An indium sulfamate bath is pre 
pared as outlined above, for example, containing 
20 grams per liter indium and to this is added 
lead sulfamate to give a concentration, for ex 
ample, 0.1 to 1.5 grams lead per liter. The pH 
ofthe bath is adjusted to 1.5 to 1.0 and using an 
anode 95% indium, 5% lead and a current den 
sity of 10 to 30 amp. per square foot, a lead 
indium deposit is obtained. Of necessity the free 
sulfate and chloride ions must be removed from 
the indium sulfamate bath before adding the 
lead sulfamate. This can be accomplished by 
using indium hydroxide in making the indium 
sulfamate and adding basic lead carbonate to 
precipitate the free sulfate as lead sulfate. 
An anode composed of an alloy of 96% lead 

and 4% indium is used corresponding in shape 
to the surface to be plated so that all parts of the 
surface being plated are approximately equi 
distant from the nearest part of the anode. 
In this example, the anode is conformed to, 

and uniformly spaced from, the cathode because 
the throwing power of the lead is greatly in 
ferior to that of the indium. The throwing 
power of lead can be greatly improved by the 
addition of coffee extracts to the loath. Thus, in 
the lead-indium bath of the above example, the 
throwing power is increased su?iciently to per 
mit satisfactory use of ?at anodes of lead and 
indium powder compressed into a plate, if dried 
solids of brewed roasted IcO?ee (G. Washington’s 
prepared coffee) are added to the bath in amount 
equal to about 1% to 5 grams per liter. Instead 
of using the coffee it is also permissible to use 
puri?ed ca?'ein. 
Instead of a single alloy or mixed granular 

anode, we may use a plurality of electrodes each 
of one of the metals. In general, the basic princi 
ples of co-deposition, as known in connection 
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withthe complex plating of-other metals inbther 
baths, apply here also. The sulfamate ion has 
been found especially well adapted ‘for such 
‘00- deposition. 

All parts and proportions herein are ‘by weight 
unless otherwise speci?ed. 
Although certain speci?c examples of this in 

vention and its application in practical use and 
also certain modi?cations and alternatives are 
given herein, it should be understood that these 
are not intended to be ‘exhaustive or ‘to be limit 
ing of the invention. On the contrary, ‘thesevil 
lustrations and the explanations herein are given 
in order to acquaint others skilled in the art with 
this invention and the principles thereof and a 
suitable manner of its application in practical 
use, so that others skilled in the art may be en~ 
abled to modify the invention and -to adapt ‘it 
and apply it in numerous forms, veac‘h as maybe 
best suited to the requirement of a particular 
use. 
What is claimed is: 
1. An electroplating bath containing as essen 

tial electroplating ingredients the anion SOsN-Hz 
and the cation In in an ionizing solvent, the pH 
of said bath being below about 3.5, and the 
concentration of indium being at least 20 grams 
per liter and the concentration of sulfa-mate 
radical being at least 167 grams per liter. 

2. An electroplating ‘bath containing as es 
sential electroplating ingredients the anion 
'SOsNI-Iz and the cation In in an ionizing solvent, 
the pH of said bath being below about 3.5, the 
concentration of indium in said bath being ap 
proximately between 10 and 130 grams per liter. 

3. An electroplating bath containing as -es 
sential electroplating ingredients the anion 
SO3NI-I2 and the cation In in an ionizingsolvent, 
the pH of said bath being below about 3.5, the 
concentration of indium in said bath being ap 
proximately between ‘20 and 60 grams ‘per ‘liter. 

4. An electroplating bath containing as es 
sential electroplating ingredients the ‘anion 
SOsNHz and the cation In in an ionizing solvent, 
the pH of said bath being below about 3.5, the 
concentration of indium in said bath being ap 
proximately 30 grams per liter, and the concen 
tration of the sOaNI-lz being greater than 167 
grains per liter expressed as the equivalent of 
sulfamic acid whether present as acid, salt or 
1011. 

15. An electroplating bath containing as es" 
sential electroplating ingredients vthe anion 
'sOaN'Hzand the cation 'In in an ionizing solvent, 
the pH-of said bath being not greater than 2.0, 
and the concentration of indium being at least 
20 grams per liter and the concentration of sul 
famate radical being at least 167 grams per liter. 

6. The process of electrodepositing indium 
which comprises passing a plating current from 
an indium-containing anode through a bath in 
which indium is the essential active cation, alkali 
metal is present as a secondary cation, and sulfa 
mate is the essential active acid ion, and in which 
are also substantial but smaller‘ amounts of an 
amine which forms heavy complexes with metals 
and maintaining the pH of said bath approxi 

~ mately between 0.75 and 2.0, the concentration of 
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indium at approximately 30 grams per liter, and 
the temperature at approximately room tempera 
ture. 

'7. The process of electrodepositing indium by 
passing a plating current through a cathode and 
an electrolytic bath in which indium is the es 
sential active cation and the essential active 
anion is ~—SO3NH2, while maintaining said bath 
at pH below 3.5 and temperature below 80° C. 

8‘ The process of electrodepositing indium as 
de?ned in claim 7 in which the concentration 
of indium in the bath is maintained between ap 
proximately 20 and 60 grams per liter calculated 
as metallic indium. 

9. The process of electrodepositing indium as 
de?ned in claim 7 in which the bath contains 
lead and indium as the essential active cations 
and sulfamate as the essential active anion. 

J, ROBERT DYER, JR. 
TIMOTHY J. ROWAN. 
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