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This invention relates. as indicated to electro 
deposltlon of metals and ‘more specifically, to a 
process of and materials for use in the process of 
electrodepositing nickel characterized in that the 
resultant nickel plate, as deposited, is both bright 
and ductile. More particularly, the present in 
vention has to do with new addition agents for 

" producing the above-named desirable character 
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istics in the nickel plate and which may be used 
with acid nickel baths of usual composition 
crating under usual conditions. 
In order to properly evaluate the present in 

vention, it is necessary to define brightness and 
ductility or brittleness, terms used in the old art, - 
but used loosely to describe all degrees of bright— 
nessor brittleness. 

Brightness 
It is obvious that an extremely thin deposit of 

nickel over'a highly buifed surface will appear 
bright. Bright plates of this type have been 
made for years and are well recognized .in the 
art. Their limitations are that if the plated ar 
ticle is exposed to the atmosphere or to wear, 
the plate soon disappears or wears off. A plate 
thin enough so that it will retain substantially 
the full brightness of the polished base metal is 
impractical for use even as a base for the electro 
deposition thereover of a protective coating of 
other metals such as chromium. If a heavier 
deposit is plated out. the brightness of the highly 
buffed surface diminishes and a gray or white 
dull deposit is obtained. 
A nickel plate which is thick enough to be 

practical for use and which is bright without 
buffing is not only desirable per se, but it is par 
ticularly advantageous where it is destined for 
use as the base for an electrolytically deposited 
chromium plate, since, if the nickel plate does 
not require to be polished and buffed, a relatively 
thin plate gives the same protection as the neces- 
sarily heavier gray plate, some of which must be 
taken off in the polishing to secure the desired 
brightness. Furthermore, a very considerable 
saving in time and in cost on the production of 
plated articles becomes possible, whether with 
nickel plate per se or with additional chromium 
?nish. . 

Various so-called addition agents have been 
proposed from time to time for inclusion in nickel 
plating baths in order to control or affect the 
character of the electrolytically deposited metal. 
One principal objective in such modi?cation of 
the plating bath has been to increase the bright 
ness or luster of the deposited metal. 
Many of these previous nickel plating addition 

agents have allowed a much heavier-deposit of 
nickel to be built up before the brightness of the 
base metal was materially diminished. When 
polished articles are plated in such baths, the 
deposit is not truly bright but merely, at best, 

OD- I 

(Cl. 204—14) I , . 

has the same character as the base metal. The 
brightness produced by such addition agents may, 
therefore, be characterized as “brightness dimin 
ishing with increased thickness 'of plate on a 
polished surfacey \, _‘ r . 

Others of these previous nickel plating addi 
tion agents have produced a plate which would 
maintain the brightness of the vpolished base 
surface, even though the plate was built up to a 
substantial thickness. They would not build up 
any substantial brightness on an unpolished sur 
~face and, at best, would only very slowly build 
up brightness on an unpolished surface when 
plates of extreme thickness were made. The 
brightness produced by such addition agents may, 
therefore, be characterized as “brightness main 
taining itself with increased thickness of plate 
on a polished surface.” 

‘ The addition agents of the present invention 
produce a plate that not only maintains the 
brightness of the most highly polished base met 
al, irrespective of the thickness of the plate with 
in practical limits, but also increases in bright 
ness with increase in thickness of the plate on 
an unpolished surface. .The brightness produced 
by such addition agents may, therefore, be char 
acterized as “brightness increasing with thick 
ness of plate on an unpolished surface.” 

' 1 ' Dwctility _ 

The question of ductility is one of vital concern 
to the plater. In general, all bright plates are 
harder and, therefore, more brittle than ordinary 
dull nickel. _When enough of many of the pre 
viously employed addition agents was added to a 
bath to produce a bright plate. the plate was 
often too brittle for commercial use and yet if 
‘less addition agent was used, the plate would not 
be fully bright. - 
A test for ductility‘ may be made by plating on 

a non-adherent surface and stripping off the foil 
and‘ bending it double on itself. A plate .001" 
thick which will pass this test without breaking 
is considered to have good ductility. A plate 
.0005" thick which will just pass this test is 
considered to have passable ductility. A plate 
.0002" thick which will not pass this test without 
breaking is considered to have poor ductility. 
The addition agents of the vpresent invention 

not only produce plates with the highest order 
, of brightness, but also with a high order of duc 
tility as de?ned by the above scale. This is de 
sirable and essential to the practical use of bright 
nickel plating. 
- The principal object of the present invention, 
therefore, broadly stated, is to provide ‘an im 
proved process of and materials for use in the 
process of electrodepositing nickel which will not 
only render the nickel plate desirably bright but 
which will also preserve or render the plate de 
sirably ductile. 
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2 
Other objects of our invention will appear as 

the description proceeds. ‘ 
To the accomplishment of the foregoing and 

related ends, said invention, then, consists of the 
means hereinafter more particularly pointed out 
in the claims, the following‘ description setting 
forth in detail certain approved modes of opera 
tion of our process and combination of ingredi 
ents embodying our invention, such disclosure 
constituting, however, but certain of ‘various 
forms in which the principles of our invention 
may be used. 
Broadly stated, our invention comprises the. 

discovery that by the use in acid nickel electro 
lytes of a plurality of addition agents respectively 
selected from certain different classes of com 
pounds, we are able to produce deposits which 
are superior to those,:obtainable by the use of 
addition agents‘ from either one of such classes 
alone. We ?nd that the addition ‘agents: from 
one of said classes, although characterized by an 
embrittling tendency, are productive of extreme 
brightness when used in combination with addi 
tion agents from the other class and that addi 
tion agents from said other class not only co 
operate in the production of brightness but also 
exert a ductilizing effect in the combination. 
The use of one addition agent from each class 
is preferable but a plurality from each class can 
be used successfully. Our cooperating addition 
agents are suitable for use in a wide variety of 
nickel electroplating solutions. We have found 
them to be very effective in aqueous acid nickel 
sulfate solutions and aqueous acid nickel chloride 
solutions. Among the nickel sulfate solutions in 
which they are effective are aqueous acid solu 
tions of nickel sulfate, .nickel sulfate and nickel 
chloride, nickel sulfate and sodium chloride, 
nickel sulfate and hydrochloric acid, nickel sul 
fate and ammonium chloride, nickel sulfate and. 
alkali metal chlorides other than sodium chlo 
ride, the chlorides serving to produce good anode 
corrosion. Our addition agents are effective in 
nickel chloride solutions with and without nickel 
sulfate. In each of said solutions it is desirable, 
although not necessary, to employ boric acid or 
another suitable buffering agent. We may em 
ploy soluble or insoluble anodes. We prefer to 
employ a bath containing nickel sulfate together 
with a suitable chloride, preferably nickel chlo 
ride and a suitable bu?er, preferably boric acid. 
We prefer to employ one or more addition agents 
from one of said classes in quantity to producev 
the desired brightness and one or more from the 
other class in quantity to overcome to a substan 
tial extent the resulting embrittling tendency. 
As representative of separate classes of com 

pounds which, when used in combination as 
above stated, produce improved results, are those 
classes of compounds which may be respectively 
identi?ed as (1) the amino poly aryl methanes 
in which at least one amino group is connected 
to an aryl group; and (2) the naphthalene sul 
fonates. Since these classes of compounds are 
in themselves distinct, it is believed advisable to 
deal with them separately in more speci?cally 
identifying them and in pointing out speci?c 
examples which will be found to be particularly 
suitable for use. 

Amino compounds 
While this class of compounds has been identi 

?ed above as the amino aryl methanes, never 
theless, our invention contemplates for use as 
this group of addition agents compounds char 

2,198,267 
acterized by the presence of the primary, sec 
ondary or tertiary amino group; a large cyclic 
molecule and the dominance of the amino group 
or groups over other antagonistic groups. 
A representative class of the above identi?ed 

amino compounds are the amino substituted poly 
aryl methanes. The various substitution prod 
ucts of the poly aryl methanes which are within 
the contemplation of the invention may be classi 
?ed as follows, vi'z.: 
1. Amino compounds with at least one alkyl sub 

stituent group. . 

2. Amino compounds with at least one aryl sub 
stituent group on one _of said aryl groups. 

3. Amino compounds with at least one alkyl and 
at least one aryl substituent group on one 
of said aryl groups. ‘ 

4. Amino compounds with at least one hydroxyl 
group. 

5. Amino compounds with at least one sulphonlc 
group. 

The alkyl groups which may be present in cer 
tain of the above classes of compounds include 
methyl, ‘ethyl, etc. The additional aryl groups 
which may characterize certain of the above 
mentioned sub-classes of compounds are the 
benzyl, phenyl, tolyl, etc. 
The salts of the above referred to types of 

compounds, such as chloride, hydrochloride, 
acetate and sulfate, are preferable to the referred 
to type of compounds themselves because of their 
greater solubility. Thevreductlon products and 
carbitols of such compounds are also suitable 
and, in some cases; somewhat superior to the 
compounds themselves. 

Speci?c examples which have been found to 
give good results are as follows, the common 
name and the chemical name from “Farbstoif 
Tabelen” by Gustav Schulz, 7th'edition, vol. 1 
(1931), being given, where possible, as more spe 
ci?c, the particular salt employed being indicated 
in the following table: 

TABLE I _ 

Triphenylmethane derivatives 

1. pp’ - Diamin'o - m - methyl fuchsonimonium 

chloride (Fuchsin). 
2. Triaminotolyl diphenyl methane hydrochlo 

ride (reduction product of Fuchsin). 
3. Triaminotolyl phenyl carbitol hydrochloride 

(carbitol product of Fuchsin) . 
4. Mixture of reduction products and carbitol 

of Fuchsin prepared as hereinafter ex 
plained. 

5. Symmetric tetramethyl-p-aminofuchsonimo 
nium chloride (Malachite Green). 

6.‘ Symmetric diethyl - di - p —- sulfobenzyl - p - 

aminofuchsonimonium sulfonate (sodium 
salt of internal sulfonate, Pontacyl 
Green 13). - . ' 

7. Pentamethyltriaminotriphenyl methane ace 
tate (reduction product of Methyl Violet). 

8. Pentamethyl - p.p’ - diaminofuchsonimonium 
chloride ‘ (Gentian violet) . 

9. Hexamethyl - p. p’ - .diaminofuchsonimonium 
chloride (Crystal Violet). 

Diphertylmethane derivatives 
2.2',4.4’—tetramino - 5.5’ - dimethyl 

methane-sulphate. 
Tetramethyldiaminobenzo p h e n o n 1 mi u m 

chlorhydrate (Auramine O) . ' 

Tetramethyl diamino diphenyl methane hy 
drochloride. 

10. diphenyl 
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It will be observed that all of the speci?c ex 

amples of triphenylmethane derivatives given 
above are fuchsonimonium compounds, thus more 
speci?cally identifying a class of compounds which 
has been found to produce remarkably improved 
plates when employed as a constituent in the bath 
comprising our invention. 
We have found it most practical to prepare 

speci?c Example 4 given above in the following 
way: Fifty parts of the dye, 1,000 parts of water, 
100 parts of granular nickel and 100 parts of 
hydrochloric acid are heated and mechanically 
stirred until the magenta color of fuchsin has 
practically disappeared. The mixture is then 
stirred with a small amount of activated carbon 
and ?ltered. The ?ltrate is made up to one liter 
and. contains the equivalent of ?ve grams of the 
original iuchsin per 100 cc. 
While the quantity of these substances em 

ployed is not sharply critical, they are used in 
small amounts, that is, amounts on the order of 
2 to 100 milligrams per liter of theloath, the upper 
limit being determined by their embrittllng. eifect 
and in some cases, their solubility. 
Most of‘ the speci?c examples given in Table I 

are commercial products. There are many other 
members of the same groups, mostly not 0011111181" 
cial products or not obtainable in pure form, 
which we believe would, if available and su?i~ 
ciently pure, have the same effect. In general, 
impurities are undesirable Fuchsin and its 
carbitol and reduction products, prepared as above 

‘ indicated, and 2.2’,¢i.4'-tetramino 5.5'-dimethyl 
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diphenyl methane produce plate of outstanding 
quality as compared with any of the other com 
pounds listed. ’.l'he presence of the primary, sec 
ondary or tertiary amino group, the large cyclic 
molecule and the dominance of the amino group 
or groups over any antagonistic groups are be“ 
lieved to be the signi?cant factors which account 
for the improved results. 

The naphthalene sulfa/notes 
The second class of materials, representative 

speci?c examples of which are employed in com 
bination with one or more speci?c examples of 
the first class of compounds above identi?ed, i. e., 
the amino compounds, may be, as indicated, iden 
ti?ed as the naphthalene sulionates. Speci?c 
examples of this second class of addition agents 
are as iollowszw _ 

TABLE 11 

l. itlphaunaphthalene mono-sulfonate 
it. theta-naphthalene mono-sulfonate 
it. Naphthalene disulfonates 
ll. Naphthalene trisulfonates 
ii. Sulionated naphthalene 

Specific Example 5 of Table II above is such 
as may be produced by reacting 2 parts of 20% 
oleum on one part of naphthalene at 160° C. for 
two hours, neutralizing the resulting mixture with 
nickel carbonate, ?ltering and diluting to 26° Be. 
Where quantities of “sulionated naphthalene” 
are referred to hereinafter, it is to be understood 
that the quantity speci?ed represents roughly the 
nickel-naphthalene-mixed-sulfonate content of ‘ 
the mixture. Five cc. of the nickel neutralized 
reaction mixtureis taken as equivalent to one 
gram of nickel-naphthalene-mlxed sulfonates. 
Except for solubility limitations or other purely 
physical considerations, it appears to be imma- ‘ 
terial whether the named sulfon‘ates are added to 
the bath as free acids or salts. It is usually pref- ' 
erable to add the nickel salts to avoid introducing 

3 
foreign alkali into the bath. It is to be under; 
stood that the addition agents of this second 
class, as well as the ?rst, must haye adequate 
solubility in the nickel bath. They need not. 
however, be highly soluble therein since small 
quantities only are used as indicated in particular 
examples given below, In the selection of a sul 
phonic acid suitable for this use it seems best to 
choose those which are as free as possible from 
colloidal organic material present as impurities 
formed during the sulphonation, which has a 
brightening and embrittling e?fect on the depos 
ited nickel. These sulfonates may be used in 
Various quantities upwards from 1/2 gram per 
liter, however, 5 grams per liter or less is usually 
a sufficient concentration for best results. Larger 
quantities, within the limits of solubility, do no 
harm. I 

A conventional acid nickel bath in which the 
combined. use of the two classes of addition agents 
will be found to give improved results, as above 
indicated, consists of; 

NlSOt?I-IsOM _______ _. lac-sac grams per liter. 
NiC12.6HzO*“‘ ________ _. lit-"l5 grams per liter. 
H3803 _______________ _-l l?a‘grams per liter to 

saturation. 
Sodium lauryl sulfate”- il-ZLO gram per liter. 
Current density ______ _. Up to 60 amperes per 

sq. it. 
pH _________________ __ 1.5-4.5. 

Temperature ________ -_ Room-170° it‘. 

rWhoi-e this compound is referred to, the material solo 
under the trade name of “Duponol M. E. Dry” is to be 
understood. It is sold as the technical compound. Other 
equivalent surface tension reducing agents ma be used 
instead of Duponol. Preparations known as ' ergitol 4.“ 
and Tcrgitol 08, sold by Carbide (in Carbon Chemicals Co. 
and said to be sodium secondary alcohol sulfates, may 
be used instead of Duponol. The quantities required are 
of the some order. 
MSome hcptahydrate is usually present. Where nickel 

sulfate is used herein in speci?c'exampleo, this mixture i 
of hydrates is to be understood. 

lin the above table giving the composition of a 
conventional bath, sodium lauryl sulfate is added. 
for the purpose of reducing the surface tension 
of the bath to below 50 dynes per cm. inorder to 
prevent pitting of the plate. Our invention con 
templates the use of any surface tension-reducing 
agent effective to reduce the surface tension of 
the bath to below 50 dynes per cm. The sulfates 
or normal primary aliphatic alcohols, having at 
least six‘ carbon atoms, are a class of compounds 
suitable for use for this purpose. 

PARTICULAR EXAMPLES 

Example N0. 1 

Nickel sulfate ________ __grams per liter__ 240 
-Nickel chloride ____ __-‘ _________ _;__do-___ 37.5 

Boric acid _____________________ __do__-_ 37.5 
Sodium lauryl sulfate.; ________ _..do____ .25 
Reduced Fuchsin__. _____________ __do____ “0.005 
“Sulfonated naphthalene” 

(nickel salt) _________________ __do____ 4.0 
pH ___________ ._, ______________________ __ 3.5 

Temperature _______________ __‘_____° C__ i545 
Current density __________ __amp./sq.ft__ 20 

*That is, the reduction product of .005 g. of the un 
reduced dye. 

Example No. 2 

Nickel sulfate _________ “grams per liter__ 240 
Nickel chloride _________________ __do____ 37.5 
Boric acid ______ -i _____________ "do..." 37.5 

vSodium lauryl sulfate __________ __do____ .25 
\. Pontacyl Green B ______________ -_do_...._ 0.1 
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"Sulfonated naphthalene" _' 
4.0 ‘(nickel salt)____..__grams per liter____ 

pH _______ _: ____ _J- ____________________ __ 4.0 

Temperature _____________________ _-° C__ 50-80 
Current density __________ __amp./sq. ft__ 40 

Example No. 3 _ 

Nickel sulfate ______ _..‘._grams per Men. 240 
Nickel chloride___-_.__; _________ _-do____. 37.5 
Boric acid ______________________ __do__.._ 37.5 
Sodium lauryl sulfate __________ __do____ .25 
Reduced Fuchsin _______________ __do_..__ ‘0.005 
Beta-naphthalene mono 'sulfon'ate 

(sodium salt)_________'_ _______ __do..__'_ 2.0 
pH ________________________ __,____' ____ __ 3.0 

Temperature _____________ _,_\_____-__°C__ 55-65 
Current density __________ __amp./sq. ft__ 40 

‘That is, the reduction product of 0.005 g. of the 
unreduced dye. _ 

Example No. 4 

Nickel sulfate_______,__._grams per liter__ 240 
Nickel chloride _________ __,__' ____ __do____. 37.5 

Boric acid ________ -s ___________ -_do____ 3:7.5 
"Sulfonated naphthalene” , 

(nickel salt) _________________ v_do_.__ 4.0 I 
2.2’, 4.4'-tetramino-5.5’-dimethyldiphen-, 
ylmethane sulfate_____grams per liter__ .010 

Temperature _____ ___, ____________ __° C__ 45-47 

Current density _____ __a____amp./sq.ft__ 36 
pH ___________________________ _T _____ “3.5-4.5 

‘ Example No. 5 

Nickel sulfate _________ __grams per Men. 240 
Nickel chloride _________ __. ______ __do____ 37.5 

Boric acid _____________________ _..do-___ 37.5 
Sodium lauryl sulfate __________ __do____ .25 
Reduced Fuchsin _______________ __do____ ‘.002 
Mixture of alpha and beta 
naphthalene monosulfonates 
(free acid) ________________ __-___do____ 2.0 

pH ________________ s. ______ __. ________ __ 3.0 

Temperature ______ -; _____________ __° C__ 55-65 
Current density __________ __amp./sq.ft__ 40 

‘That is, the reduction product of .002 g. of the un 
reduced dye. 

Emample No. 6 - 

Nickel sulfate ________ __grams per liter“ 240 
Nickel chloride _________ __- ______ __do____, 37.5 

Boric acid _____________________ __do____ 37.5 
Sodium lauryl sulfate ___________ __do____ .25 
Reduced Fuchsin _______________ __do____ .010 
“Sulfonated naphthalene" 

(nickel salt) ___________________ ._do____ 4.0 
pH ________________________ ___ ________ __ \ 2.0 

Temperature ____________________ __° C__ 55-65 
Current density __________ __amp./sq.ft__ 40 

This application is a continuation-in-part of 
Lind et al., application Ser. No. 200,120, ?led 
April 5, 1938, which is now abandoned. 
Having thus described our invention, what we 

claim is: ' 

1. An electroplating solution comprising an 
aqueous, acid solution of a nickel electrolyte of 
the class consisting of nickel sulfate and nickel 
chloride, said solution having the capability of 
producing bright and ductile deposits of nickel, 
such capability having been imparted thereto by 
the inclusion therein of cooperating addition 
agents, one of said addition agents being an 
amino poly aryl methane compound in which at 
least one amino group is attached to an aryl 
group and the other of said addition agents being 
a naphthalene sulfonate. 

2. An electroplating solution comprising an 

2, 198,267 
aqueous, acid nickel sulfate solution having the 
capability of producing bright and ductile .de 
posits of nickel, such capability having been im 
parted thereto by the inclusion therein of cooper 
ating addition agents, one of said addition agents 
being an amino poly aryl methane compound in 
which at least one amino group is attached to an 
aryl group and the other of said addition agents 
being a naphthalene sulfonate. 

.3. An electroplating solution as de?ned in 
claim 2, such solution also having the capability 
of producing good anode corrosion, this latter ca‘ 
pability having been imparted thereto by the in 
clusion therein of one or more substances of the 
class consisting of nickel chloride, ammonium 
choride, hydrochloric acid and alkali metal chlo 
rides. 

4. An electroplating solution as de?ned in 
claim 2, such solution also having the capability 
of producing good anode corrosion, this latter 
capability having been imparted thereto by the 
inclusion therein of one or more substances of 
the class consisting of nickel chloride, ammonium 
chloride, hydrochloric acid and alkali metal ch10 
rides, said solution also containing boric acid. 

5. ‘An electrodeposition bath comprising an 
aqueous acid solution of nickel sulfate and nickel 
chloride and cooperating addition agents, one of 
said addition agents being an amino poly aryl 
methane in which at least one amino group is 
connected to an aryl group and another being a 
naphthalene sulfonate. 

6. An electrodeposition bath as recited in claim 
5 further‘characterized in that there is added a 
quantity of an alkyl sulfate containing more than 
6 carbon atoms sumcient to reduce the surface 
tension to below 50 dynes per centimeter. 

7. The method of electro-depositing nickel 
which comprises electrolyzing a solution contain 
ing nickel sulfate, nickel chloride and boric acid 
and to which has been added both a substance of 
the group consisting of carbitol of fuchsin, fuch 
sin and reduced fuchsin, 2.2’, 4.4’-tetramino 5.5’ 
dimethyl-diphenyl methane, and chlorides, hy 
drochlorides, acetates and sulfates thereof, and a 
substance of the group consisting of naphthalene 
mono - sulfonates, naphthalene disulfonates, 
naphthalene trisulfonates and mixtures thereof, 
said solution also containing a minor amount of 
a sulfate of a normal primary aliphatic alcohol 
having at least six carbon atoms. 

8. ‘An electrodeposition bath comprising: 

NlSO4.6HzO ____________ __ 120-450 grams per 

‘ liter 

N1C12.6H2O _____________ __ 15-75 grams per liter 
H3303 ___________ -‘. ____ __ 15 grams per liter to 

' saturation } 

Amino poly aryl methane_ 2-100 milligrams per 
' , liter 

gram per liter to 
saturation 

said amino poly aryl methane being a substance 
of the group ccmsisting of carbitol of fuchsin, 
fuchsin, reduced fuchsin, 2.2’, 4.4'-tetramino 
5.5’-dimethyl-diphenyl methane, and chlorides, 
hydrochlorides, acetates and sulfates thereof, and 
said naphthalene sulfonate being a substance of 
the group consisting of mono-, di- and tri-sulfo 
nates and mixtures thereof. - 

9. An electrodeposition bath as recited in claim 
8, further characterized in that it-contains an 
aliphatic alcohol sulfate of at least six carbon 
atoms in quantity to reduce the surface tension 
below 50 dynes. 

Naphthalene sulfonate____ 1/2 
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10. A method of electrodepositing nickel com 

prising eiectrolyzing an aqueous acid solution 
containing nickel sulfate, nickel ‘chloride and 
boric acid as the principal constituents and co 
operating .addition agents, soluble in the bath, of 
each of two classes, one of said classes of addi 
tion agents consisting of carbitol ‘of fuchsin, 
fuchsin, reduced fuchsin, 2.2'-, 4.4'-tetramino 
5.5'-dimethyl-diphenyl methane and chlorides, 
hydrochloride-s, acetates and sulfates thereof, the 
other of said classes of addition agents consisting 
of naphthalene mono—, di- and tri-sulfcnates and 
mixtures thereof. 

11. A method as recited in claim 10 wherein 
the addition agent of the ?rst defined class is 
maintained in the solution in quantity, not ex 
ceeding 100 mg. per liter, to produce enhanced 
brightness and the addition agent of the second 
de?ned class is maintained in the solution in 
quantity sufficient to'render the deposit ductile. 

12. A method as recited in claim 10 wherein 
the addition agent of the ?rst de?ned class is 

. maintained in the solution in quantity from 2 to 
10 mg. per liter, sufficient to produce enhanced 
brightness and the addition agent of the second 
de?ned class is maintained in the solution in 
quantity, not exceeding ,5 grams per liter, suffi 
cient to render the deposit ductile. 

13. An electrodeposition bath for the produc 
tion of mirror bright and ductile deposits of 
nickel, the same containing per liter, approxi 
mately, nickel sulfate corresponding in quantity 
to from 120 to 450 grams of N1SO4'6H20, nickel 
chloride corresponding in quantity to from 15 to 
75 grams NiClz-GHaO, and cooperating addition 
agents as follows: (1) one or more compounds of 
the class consisting of carbitol of fuchsin, 
fuchsin, reduced fuchsin, 2.2’-, 4.4'-tetramino 
5.5'-dimethyl-diphenyl methane and chlorides, 
hydrochlorides, acetates and sulfates thereof in 
quantity from 2 to 100 milligrams, and (2) one 
or more compounds of the class consisting of 
naphthalene mono-, di- and tri-sulfonates in 
quantity from V; gram to saturation. 

14. An electrodeposition bath for the produc 
tion of mirror bright and ductile deposits of 
nickel, the same containing per liter. approxi 
matoly, nickel sulfate corresponding in quantity , 

5 
to from 120 to 450 grams of NIBOrGHzO, nickel 
chloride corresponding in quantity to from 15 to ' 
75 grams NiCla‘BHaO, and cooperating addition 
agents as follows: (1) reduced fuchsin in quan 
tity from 2 to 100 milligrams, and (2) ‘one or 5 
more compounds of the class consisting of naph 
thalene mono-, di- and tri-sulfonates in quantity 
from l/g gram to saturation. 

15. An electrodeposition bath for the produc 
tion of mirror bright and ductile deposits of i0 
nickel, the same containing per liter, approxi 
mately, nickel sulfate corresponding in quantity 
to from 120 to 450 grams of NiSOrGI-IsO, nickel 
chloride corresponding in quantity to from 15 to 
75 grams NiCl2-6H2O, and cooperating addition 15 
agents as follows: (1) fuchsin in quantity from 
2 to 100 milligrams, and (,2) one or more com 
pounds of the class consisting of naphthalene 
mono-, di- and tri-sulfonates in quantity from 
‘A; gram to saturation. . 

16. An electrodeposition bath for the produc 
tion of mirror bright. and ductile deposits of 
nickel, the same containing per liter, approxi 
mately, nickel sulfate corresponding in quantity 
to from 120 to 450 grams of NiSOrGHzO,‘ nickel 25 
chloride corresponding-in quantity to from 15 to 
75 grams’ NiClz-8Ha0, and cooperating addition 
agents as follows; (1) carbitol of fuchsin in 
quantity from 2 to 100 milligrams, and (2) one 
or more compounds of the class consisting of so 
naphthalene mono-, di- and tri-sulfonates in 
quantity from 1/2 gram to saturation. 

17. A method of electrodepositing nickel com 
prising electrolyzing an aqueous acid solution 
containing nickel sulfate and nickel chloride as 
the principal constituents and cooperating‘ addi 
tion agents, soluble in the bath, of each of two 
classes, one of said classes of addition agents 
consisting of carbitol of fuchsin, fuchsin, reduced 
fuchsin, 2.2"- g1.4'-tetramino 5.5'-dimethyl-di 
phenyl methane and chlorides, hydrochlorides, 
acetates and sulfates thereof,‘the other of said 
classes of addition agents consisting of naphtha 
lene mono-, di- and tri-suifonates andmixtures 
thereof. 
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