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ABSTRACT OF THE DISCLOSURE 
In accordance with certain of its aspects, this invention 

relates to a process for the preparation of an electrode 
posit which contains at least one metal selected from the 

2 
It may often occur through mistake or otherwise when 

plating nickel, cobalt, or nickel-cobalt alloy plate that 
excessive replenishing amounts of primary brighteners are 
inadvertently used. Because primary brighteners are ordi 

O 

group consisting of nickel and cobalt which comprises 15 
passing current from an anode to a cathode through an 
aqueous plating solution containing a member selected 
from the group consisting of cobalt compounds and nickel 
compounds providing cobalt or nickel ions for electrode 
positing cobalt or nickel and containing in combination 
an effective amount of: 

(1) At least one member selected from the group of 
cooperating additives consisting of: 
(a) primary brightener 
(b) secondary brightener 
(c) secondary auxiliary brightener 
(d) anti-pitting agent; and 

(2) An organic hydroxy-sulfonate compound of the 
formula: 

OH 

R- -SO 

h k 

wherein M is a cation having a valence of 1-2; k is an 
integer 1-2 corresponding to the valence of M; and R is 
hydrogen or a monovalent aliphatic group of 1-16 car 
bon atoms; for a time period sufficient to form a sound 
metal electroplate upon said cathode surface. 

This invention relates to improved processes and com 
positions for the electrodeposition of nickel, cobalt, and 
alloys thereof. More particularly, this invention relates to 
the use of new additives to improve the tolerance of 
nickel, cobalt, and alloy plating baths containing nickel 
and/or cobalt to the adverse effects of both metallic im 
purities and relatively high concentrations of primary 
brighteners. 

It has been found that the presence of metallic im 
purities (particularly zinc) tends to produce plating de 
fects during the electrodeposition of nickel-containing, 
cobalt-containing, and nickel-cobalt-containing electro 
plates using bath compositions containing primary and 
secondary brighteners. When zinc is the metallic contami 
nant, the problem may become especially acute during 
plating when the secondary brightener is saccharin. In 
this case, inadequate basis metal coverage may occur in 
low current density areas; unsightly striated (ribbed) 
deposits may occur; and dark, thin, non-metallic appear 
ing deposits may be produced which not only detract from 
the final appearance of the article being plated, but may 
also interfere with the receptivity, appearance, luster, etc. 
of subsequent deposits such as chromium plate. These 
detrimental metallic contaminants may be introduced as 
impurities into the plating bath composition in various 
ways. The impurities may be introduced when commer 
cial grade salts are used to prepare the bath composition, 
or the metallic impurities may occur as a result of dis 
solution of parts which may fall into the plating bath 
composition during the plating process. 
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narily used in relatively low concentrations, the analytical 
determination and control of the amounts of these pri 
mary brighteners which must be added to replenish the 
bath composition may be required much more frequently 
than other types of bath additives. Yet, when excessive 
amounts of primary brighteners are inadvertently added, 
the electrodeposit obtained may be as defective as that 
obtained when large amounts of metallic impurities are 
present. 

Various additives including sodium bisulfite and sodium 
thiosulfate have been used in nickel plating bath com 
positions in order to attempt to improve the tolerance of 
the bath composition to metallic impurities (particularly 
zinc), but for various reasons prior art additives have 
given only temporary improvement and have often pro 
duced additional problems as serious as the problem 
sought to be alleviated. 

It is an object of this invention to produce sound elec 
trodeposits of semi-bright or bright-nickel, cobalt, and 
alloys of nickel and cobalt. A special object of this inven 
tion is to provide processes and compositions for the pro 
duction of sound electrodeposits containing nickel and/or 
cobalt over a wide range of concentrations of primary 
brighteners and/or metallic impurities. Other objects of 
the invention will be apparent from the following detailed 
description of the invention. 

In accordance with certain of its aspects, this invention 
relates to a process for the preparation of an electrode 
posit which contains at least one metal selected from the 
group consisting of nickel and cobalt which comprises 
passing current from an anode to a cathode through an 
aqueous plating solution containing a member selected 
from the group consisting of cobalt compounds and nickel 
compounds providing cobalt or nickel ions for electrode 
positing cobalt or nickel and containing in combination 
an effective amount of: 

(1) At least one member selected from the group of 
cooperating additives consisting of: 

(a) primary brightener 
(b) secondary brightener 
(c) secondary auxiliary brightener 
(d) anti-pitting agent; and 

(2) An organic hydroxy-sulfonate compound of the 
formula: 

O 

-o- h 
wherein M is a cation having a valence of 1-2; k is an in 
teger 1-2 corresponding to the valence of M, and R is 
hydrogen or a monovalent aliphatic group of 1-16 carbon 
atoms; for a time period sufficient to form a sound metal 
electroplate upon said cathode surface. 
The substrates on which the nickel-containing, cobalt 

containing, or nickel-cobalt-containing electrodeposits of 
this invention may be applied may be metal or metal al 
loys such as are commonly electrodeposited and used in 
the art of electroplating such as nickel, cobalt, nickel 
cobalt, copper, tin, brass, etc. Basis metal substrates may 
have a variety of surface finishes depending on the final 
appearance desired, which in turn depends on such factors 
as luster, brilliance, leveling, thickness, etc. of the cobalt 
or nickel containing electroplate applied on such sub 
strates. Typical substrate basis metals include ferrous 
metals such as steel; copper; tin; alloys of copper such 
as brass, bronze, etc.; zinc, particularly in the form of 
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zinc-base die castings which may bear plates of other 
metals, such as copper, etc. 
The term "primary brightener” as used herein is meant 

to include plating additive compounds such as N-hetero 
cyclics, acetylenics, active sulfur compounds, dyestuffs, 
etc. Specific examples of such plating additives are: 
(1) N-1,2-dichloropropenyl pyridinium chloride 
(2) 2,4,6-trimethyl N-propargyl pyridinium bromide 
(3) N-allyl quinaldinium bromide 
(4) 2-butyne-1,4-diol 
(5) bis-(3-hydroxyethyl ether of 2-butyne-1,4-diol 
(6) propargyl alcohol 
(7) 2-methyl-3-butyn-2-ol 
(8) thiodipropionitrile 

CCHCN 
/ 

S 

YCHCHCN 

(10) phenosafrainin 
(11) fuchsin. 
When used alone or in combination, a primary brighte 

ner may produce. no visual effect on the electrodeposit, 
or may produce semi-lustrous, fine-grained deposits. How 
ever, best results are obtained when primary brighteners 
are used with either a secondary brightener, a secondary 
auxiliary brightener, or both in order to provide optimum 
deposit luster, rate of brightening, leveling, bright plate 
current density range, low current density coverage, etc. 
The term "secondary brightener' as used herein is 

meant to include aromatic sulfonates, sulfonamides, sulfo 
nimides, sulfinates, etc. Specific examples of such plating 
additives are: 

(9) thiourea 

(1) saccharin 
(2), trisodium 1,3,6-naphthalene trisulfonate 
(3) sodium benzene monosulfonate 
(4) dibenzene sulfonimide 
(5), sodium benzene monosulfinate. 
Such plating additive compounds, which may be used 
singly or in suitable combinations, have one or more of 
the following functions: 

(1) To obtain semi-lustrous deposits or to produce 
substantial grain-refinement over the usual dull, matte, 
grainy, non-reflective deposits from additive free baths. 

(2) To act as ductilizing agents when used in combina 
tion with other additives such as primary brighteners. 

(3) To control internal stress of deposits, generally 
by making the stress desirably compressive. 

(4) To introduce controlled sulfur contents into the 
electrodeposits to desirably affect chemical reactivity, po 
tential differences in composite coating systems, etc. there 
by decreasing corrosion, better protecting the basis metal 
from corrosion, etc. 
The term "secondary auxiliary brightener” as used here 

in is meant to include aliphatic or aromatic-aliphatic ole 
finically or acetylenically unsaturated sulfonates, sulfon 
amides, or sulfonimides, etc. Specific examples of Such 
plating additives are: 
(1) sodium allyl sulfonate 
(2) sodium-3-chloro-2-butene-1-sulfonate 
(3) sodium b-styrene sulfonate 
(4) sodium propargyl sulfonate 
(5) monoallyl sulfamide 

(HN-SO-NH-CH-CH=CH2) 

(6) dially sulfamide 
NH-Allyl 

M 
O s 

NH-Allyl 

O 
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4 
(7) ally sulfonamide. 
Such compounds, which may be used singly (usual) or in 
combination have all of the functions given for the sec 
ondary brighteners and in addition may have one or 
more of the following functions: 

(1) They may act to prevent or minimize pitting (prob 
ably acting as hydrogen acceptors). 

(2) They may cooperate with one or more secondary 
brighteners and one or more primary brighteners to give 
much better rates of brightening and leveling than would 
be possible to attain with any one or any two compounds 
selected from all three of the classes: 
(1) primary brightener; 
(2) secondary brightener; and 
(3) secondary auxiliary brightener 
used either alone or in combination. 

(3) They may condition the cathode surface by cat 
alytic poisoning, etc. so that the rates of consumption of 
cooperating additives (usually of the primary brightener 
type) may be substantially reduced, making for better 
economy of operation and control. 
Among the secondary auxiliary brighteners one may 

also include ions or compounds of certain metals and 
metalloids such as zinc, cadmium, selenium, etc. which, 
although they are not generally used at present, have been 
used to augment deposit luster, etc. When Zinc is used as 
a secondary auxiliary brightener in baths which have a 
high degree of zinc. tolerance, the compositions of the 
invention may be especially effective to counteract the 
effects of excessive primary brighteners. 
The term "anti-pitting agent' as used herein is meant 

to include a material (different from and in addition to 
the secondary auxiliary brightener) which functions to 
prevent or minimize gas pitting. An anti-pitting agent may 
also function to make the baths more compatible with 
contaminants such as oil, grease, etc. by their emulsify 
ing, dispersing, solubilizing, etc. action on Such contami 
nants and thereby promote attaining of sounder deposits. 
Anti-pitting agents are optional additives which may or 
may not be used in combination with one or more mem 
bers selected from the group consisting of a primary 
brightener, a secondary brightener, and a secondary aux 
iliary brightener. 
The hydroxy-sulfonate additive compounds of the in 

vention may be prepared according to the following gen 
eral reaction: 

O O 
2 

R-cy -- MHSOak - R--so M 
H H k 

wherein M is a cation having a valence of 1-2; preferably 
M is an alkali metal or alkaline earth metal cation or 
ammonium; k is an integer 1-2 corresponding to the 
valence of M; and R is hydrogen or a monovalent aliphatic 
group of 1-16 carbon atoms. In the compounds of the 
above general reaction, R may be an aliphatic radical 
preferably selected from the group consisting of alkyl, 
alkenyl, alkynyl, cycloalkyl, including such radicals when 
inertly substituted. When R is alkyl, it may typically be 
straight chain alkyl or branched alkyl, including methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert 
butyl, n-amyl, neopentyl, isoamyl, n-hexyl, isohexyl, 
heptyls, octyls, decyls, dodecyls, tetradecyl, octadecyl, etc. 
Preferred alkyl includes lower alkyl i.e. having less than 
about 8 carbon atoms i.e. octyls and lower. When R is 
alkenyl, it may typically be vinyl, allyl, 1-propenyl, meth 
allyl, buten-1-yl, buten-2-yl, buten-3-yl, penten-1-yl, 
hexenyl, heptenyl, octenyl, decenyl, dodecenyl, tetradec 
enyl, octadecenyl, etc. When R is alkynyl, it may typically 
be acetylenyl, 2-propynyl, 3-butynyl, etc. When R is cy 
cloalkyl, it may typically be cyclobutyl, cyclopentyl, cy 
clohexyl, cycloheptyl, cyclooctyl, etc. R may be inertly 
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substituted e.g. may bear a non-reactive substituent such 
as alkyl, cycloalkyl, alkenyl, ether, halogen, ester, 

o 
-C , -COOM 
Yi 

(wherein M is as previously defined), carboxyl 
(-COOH), hydroxyl, sulfonate, hydroxy-sulfonate 
(SOM such as -SOH, SONa, SOK, etc.), or other in 
ert or bath-compatible groups, etc. Typical substituted 
alkyls include 3-hydroxypropyl, 3-chloropropyl, 2-ethoxy 
ethyl, carboethoxymethyl, etc. Substituted alkenyls in 
clude 4-hydroxy, 4-chlorobutenyl, y-phenylpropenyl, 
chloroallyl, etc. Substituted alkynyls include 4-hydroxy-3- 
butynyl, propargyl, amine, etc. Substituted cycloalkyls in 
clude 4-methylcyclohexyl, 4-chlorocyclohexyl, etc. 
The reaction is generally carried out in aqueous media 

and the reaction products may be left in the form of 
aqueous stock solutions or the Salts may be separated out 
in crystalline form by evaporation and crystallization or 
by using organic solvents. 

Typical examples of this method of preparing the hy 
droxy-sulfonate additives of the invention herein include 
the following: 
(a) O gh 

H-5 -- NaHSO3 - H--s O3Na. 
h H 

(b) | II HC-d-: + NaHSO - H2C=C-C-SO3Na 
H 

Naiso, 
gh 

Hit-CH--so:Na do.Na H 
(c) OH 

NaOOC-C -- NaHSOs - Naooc--soNa 
H 

(d) g OH 
CHCH-C - KHSO3 -) CHCH-i-solk 
Öh H di (H 

O (e) 2 
C pH 
Yi H--soli LiSO --> 
O -- 2Li 3 H-soil 2 

2 OH 

YH. 
O O 

(f) 2 2 
C N 
Yn. O 

(CH) -- NaHSO3 --> (CH2)2 

O H--soNa 2 
l? U 
YH. 

H O E OH 
(g) d 2 H2O d 
2H-C-C-C -- Ca(HSO3)2 - H-C=C- -SO3 Ca 

YH. &H, H 

Nailso 
oNa H OH 

H- (-)-so Ca 
CHs H. E. 

5 

O 
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(h) o gh 
2 

NaOO c–c. -- NHHSO3 - NaOO c--sonii, 
H H 

The hydroxy-sulfonate additives of the invention may 
be used in aqueous nickel, cobalt, and nickel-cobalt elec 
troplating bath compositions in combination with one or 
more other additives as disclosed herein over fairly wide 
concentration ranges, typically 0.1-5 g/l. or higher. Pref 
erably, when used with the additives described herein the 
concentration is about 0.5–2 g/l. While concentrations up 
to saturation may be used, there is no special advantage 
obtained thereby and the use of excess amounts generally 
adds to the operating costs of the bath composition. The 
hydroxy-sulfonate additives of the invention may be added 
either as solids or in the form of aqueous stock solutions. It 
has been found that the advantageous results in improved 
tolerance to metallic impurities (especially zinc) which 
are obtained using the additives of the invention are un 
expectedly persistent even at moderate or low concentra 
tions of hydroxy-sulfonate additive of less than about 
1.0 g./l. At concentrations of no more than about 1.0 g/l. 
it has been found that improved zinc tolerance in cobalt, 
nickel, and nickel-cobalt bath compositions may be ob 
tained for time periods of up to several (4 or 5) days and 
that even bath compositions heavily contaminated with 
metallic ions show improved tolerance to such ions for 
at least one day using about 1.0 g/l. of hydroxy-sulfonate 
additive. 

Typical nickel-containing, cobalt-containing, and nickel 
cobalt-containing bath compositions which may be used 
in combination with effective amounts of about 0.5-5 g/l. 
of the hydroxy-sulfonate additive compounds and effective 
amounts of about 0.005–0.2 g/l. of the primary bright 
eners, with about 1.0-30 g/l. of the secondary brightener, 
with about 0.5-10 g/l. of the secondary auxiliary bright 
ener, and with about 0.05-1 g/l. of anti-pitting agent, 
described herein are summarized below. 

Typical aqueous nickel-containing electroplating baths 
(which may be used in combination with effective 
amounts of the hydroxy-sulfonate and cooperating addi 
tives) include the following wherein all concentrations 
are in grams per liter (g/l.) unless otherwise indicated: 

TABLE 
Aqueous nickel-containing electroplating baths 

Component Minimum Maximum Preferred 

Nickel sulfate- 200 500 300 
Nickel chloride- 30 80 45 
Boric acid-------- 35 55 45 
pH (electrometric).---------. 3. 5 4. 

A typical sulfamate-type nickel plating bath which may 
be used in practice of this invention may include the 
following components: 

TABLE II 

Component Minimum Maximum Preferred 

Nickel sulfamate------------- 330 400 375 
Nickel chloride- 15 60 45 
Boric acid -------- 35 55 45 
pH (electrometric) ----------- 3 5 4 

A typical fluoborate-type nickel plating bath which may 
be used in the practice of the invention may include the 
following components: 

TABLE III 

Component Minimum Maximum Preferred 

Nickel fluoborat 250 400 300 
Nickel chloride- 45 60 50 
Boric acid ------ 15 30 20 
pH (electrometric) -- 2 4. 3.   
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A typical chloride-free sulfate-type. nickel plating bath 
which may be used in practice of this invention may in 
clude the following components: 

ABLE IV 

Components Minimum . Maximum Preferred 

Nickel sulfate----- 30 500 400 
Boric acid.--------- - ar. 35 45. 
pH (electrometric) ----------- 3 5 4. 

A typical chloride-free sulfamate-type nickel. plating 
bath which may be used in practice of this invention may 
include the following components: 

TABLEW 

Component Minimum Maximum Preferred 

Nickel sulfanate--- 300 400 350 
Boric acid --------- 35 55 45 
pH Celectrometric) 3. 5 4. 

It will be apparent that the above baths may contain 
compounds in amounts falling outside the preferred mini 
mum and maximum set forth, but most satisfactory and 
economical operation may normally be effected when the 
compounds are present, in the baths in the amounts in 
dicated. A particular advantage of the chloride-free baths 
of Tables IV and V, supra, is that the deposits obtained 
may be substantially free of tensile stress and may permit 
high speed plating involving the use of high speed anodes. 
The following are aqueous cobalt-containing and co 

balt-nickel-containing electroplating baths in which the 
combination of effective amounts of one or more hydroxy 
sulfonates and cooperating additives according to this 
invention will result in improving the tolerance of the 
bath to metallicions such as zinc ions even when used 
jointly with other additives, such as iodides. When an 
ionic iodide additive is employed, an iodide ion concen 
tration of 0.5-5 g/l. may be used. 

AQUEOUS COBALTICONTAINING AND COBALTNICKEL 
CONTAININGELECTROPLATING BATHIS 
All concentrations in g.f. unless otherwise noted 

Maxi-. Mini- Pre 
ferred 

W. Cobalt bath: 
CoSO4.7HO------------------------ 400 200 300 
CoCh 6H2O.------------------------- 75 60 
HBO3------------------------------- 50 37 45 

W. Cobat bath: 
CoSOHO 500 300 400 
NaCl---------- w 50 5 3. 
HBO3--------------- 50 3. 45 

VIII. High chloride cobalt bath: 
CoSO47H2O.------------------------- 350 50 225 
CoCl2.6BO-------------------------- 350 50 225 
HaBO3------------------------------- 50 37 45 

X. Cobalt-nickel alloy bath 
NiSO47HO-------------------------- 400 200 300 
CoSO.7HO. 225 5 80 
NiCl6H.O.---...-- 75 15 60 
HBOs ------------- 50 37 45 

X. All-chloride cobalt bath: 
CoCl4.6H2O.-------------------------- 500 200 300 
HBOs ------------------------------- 50 37 45 

XI. Sulfamate cobaltba 
Co(O3SNH). ------------------------ 400 200 290 
CoCl6HO- 5 15 60 
HaBO3---------- 50 37 45 

Preferred cobalt-containing bath compositions may 
contain at least about 30 g/l. of CoCl26H2O, and typi 
cally 20-50 g/l. of CoCl6H2O. Other compounds which 
have a bath compatible cation (i.e. a cation which does 
not interfere with the operation of the bath) which will 
provide at least 7.5 g/l. of chloride ion, Cl (and pref 
erably a minimum of about 9 g/l of Cl) may also be 
used. 
The pH of all of the foregoing illustrative aqueous 

nickel-containing, cobalt-containing, and nickel-cobalt 
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8 
containing compositions may be maintained during plat 
ing at pH values of 2.5 to 5.0, and preferably from about 
3.5 to 4.5. During bath operation, the pH may normally 
tend to rise and may be adjusted with acids such as hy 
drochloric acid or sulfuric acid, etc. Other buffering com 
ponents in addition to or in place of boric acid (such as 
formates, citrates, etc.) may also be used for buffering 
if necessary or desirable. 
The following examples are submitted for the purpose 

of illustration only and are not to be construed as limit 
ing the scope of the invention in any way. 

EXAMPLE 1 
A nickel electroplating bath composition was prepared 

by combining in water the following ingredients to pro 
vide the indicated concentrations (in g/l. unless indi 
cated otherwise). 

Concentration (g/l.) 
NiSO47H2O ------------------------------- 300 
NiCi' 6HO a sm ww.am to m am as to mo me wo.m ma m me w was me mo Pia was - is an amps widow we 60 

HaBOs ------------------------------------ 45 
St. saccharinate (0.6 mole HO) ----------- 3.8 
odium di-n-hexyl sulfosuccinate -------------- 0.125 
pH (electrometric) -------------------------- 3.8 

A polished brass panel was cleaned and plated in 
a 267 ml. Hull Cell at 2 amperes cell current for 10 
minutes at a temperature of 50° C. and using magnetic 
stirring. The resulting deposit was uniformly fine-grained, 
glossy in appearance, with excellent ductility and a uni 
form milky haze. On adding to the solution the equiva 
lent of 0.08 g/l. (80 p.p.m.) of Znt, as a solution of 
Zinc sulfate and repeating the plating test, the low cur 
rent density end of the range from about 0 to 1.6 a.s.d. 
(amperes per square decimeter) was badly striated and 
dark in color with scattered areas which were very thin 
in thickness and dark, i.e. where the deposit thickness was 
substantially lower than on adjacent elevated thicker 
deposits. 
To the zinc-contaminated solution an amount of so 

dium hydroxymethyl sulfonate additive sufficient to pro 
vide a concentration of 1 g/l. was added, and the plat 
ing test then repeated. An excellent deposit was then 
again obtained with total elimination of low current den 
sity deposit striation, thinness, and darkness of color, 
showing that the bath had been effectively regenerated. 

EXAMPLE 2. 

Example 1 was repeated using 1 g/l. additive of di 
sodium - 1 - hydroxy - 1,3 - propane disulfonate in place 
of additive sodium hydroxymethyl sulfonate with sub 
stantially identical beneficial effects attained, the bath 
being again rendered zinc-tolerant after contamination 
with zinc ions had previously rendered the bath unsatis 
factory for further plating, 

EXAMPLE 3 

Example 1 was repeated using 1 g/l. of disodium-a- 
Sulfo-glycolate additive in place of additive sodium hy 
droxymethyl sulfonate with substantially identical benefi 
cial effects attained. The regenerated bath composition 
was rendered zinc-tolerant after addition of 1 g/l. of di 
sodium-or-sulfo-glycolate and the bath rendered capable 
of substantially increased bath life. 

EXAMPLE 4 

Example 1 was repeated using 1 g/l. of sodium 1 
glycerol sulfonate in place of additive sodium hydroxy 
methyl sulfonate with substantially identical beneficial 
results attained. The regenerated bath composition was 
rendered zinc-tolerant after addition of 1 g/l. of sodium 
1-glycerol sulfonate. 
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EXAMPLE 5 

A nickel electroplating bath composition was prepared 
by combining in water the following ingredients to pro 
vide the indicated concentrations (in g/l. unless other 
wise indicated). 
Ingredient: Concentration 

NiSO 7HO - - - as a to a w us - - - - 4 was a 4- a was awaii was wo 300 

NiCl •6HO 60 
HBO a a aas a a a- a a a-- a-- a-- a -- a--a as a 45 

Sodium saccharinate (0.6 mole HO) ------ 3.8 
Sodium allyl sulfonate ------------------- 2.3 
2-butyne-1,4-diol (mg/l.) ---------------- 50 
Bis-g-hydroxy ethyl ether of 2-butyne-1,4-diol 

(mg/l.) ----------------------------- 25 
N-1,2-dichloropropenylpyridinium chloride 

(mg/l.) ----------------------------- 10 
Sodium di-n-hexylsulfosuccinate ----------- 0.125 
pH (electrometric) --------------------- 3.8 

A polished brass panel was cleaned and plated in a 
267 ml. Hull Cell at 2 amperes cell current for 10 min 
utes at a temperature of 50° C. using magnetic stirring. 
The resulting nickel electrodeposit was brilliant, highly 
leveled, with excellent ductility and low current density 
coverage (as evidenced by the extent of the nickel elec 
trodeposit coverage on the back of the panel away from 
the nickel anode). 
To the above nickel electroplating bath composition 

was added an amount of zinc sulfate solution to produce 
a concentration of 0.08 g/l. of Znt. The plating test 
was then repeated using an identical clean, polished, 
brass panel and employing the same plating conditions 
used prior to contamination of the nickel electroplating 
bath with zinc ions. The resulting nickel electroplated 
panel had a dark, thin, and badly striated electrodeposit 
on the low current density areas of the panel and it was 
apparent that the low current density coverage had been 
drastically reduced due to the presence of zinc ion as 
contaminant. 
To portions of the zinc-contaminated nickel electro 

plating bath composition were added amounts of sodium 
hydroxymethyl sulfonate, disodium 1-hydroxy-1,3-pro 
pane disulfonate, disodium-2-sulfo-glycolate, and sodium 
1-glycerol sulfonate to provide concentrations of 1 g/l. 
of each additive and the electroplating carried out using 
the same conditions as were initially employed. In each 
case, the excellent plating characteristics of the original 
bath composition were restored. 
The restored plating bath compositions were heated at 

50 for an average of eight hours per day with con 
tinuous stirring for a time period of five days. Frequent 
plating tests using the same conditions and identical 
panels were carried out with the contaminated restored 
plating baths to determine the operational characteristics 
of each restored bath composition. All of the additives 
showed excellent restoration for at least two days and 
Sodium hydroxymethyl sulfonate was still effective at the 
end of the five day period with the restored bath com 
position still showing excellent zinc tolerance. 

Addition of 1 g/l. NaHSO gives dull unacceptable 
electrodeposits and this shows that this amount of bi 
sulfite is excessive. 

In another comparison using the zinc-contaminated 
bath of this example, an amount of sodium bisulfite suffi 
cient to produce a concentration of 0.04 g/l. was added 
to the contaminated bath composition in place of the 
organic hydroxy-sulfonate additives of the invention. The 
zinc-tolerance was greatly improved as shown by repeti 
tion of the plating test using an identical clean brass 
panel and the same plating conditions as employed with 
the original uncontaminated bath composition. However, 
after stirring the restored bath composition at 50 C. for 
about two hours, poor plating characteristics were again 
observed, thus demonstrating the unexpected Superiority 
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10 
of the length of the restoration period for the contami 
nated bath which is restored using the organic hydroxy 
sulfonate additives of this invention. 

In another comparison using the zinc contaminated 
bath of this example an amount of sodium bisulfite suffi 
cient to produce a concentration of 0.775 g/l. was added 
to the contaminated bath composition in place of the 
organic hydroxy-sulfonate additives of the invention. On 
repeating the plating test the deposit had practically no 
leveling, was hazy in the range of 0 to about 0.8 a.s.d., 
had scattered hazy spots in the range of about 0.8 to 12 
a.s.d. and the portion of the deposit receiving the maxi 
mum degree of agitation during plating i.e. in a band 
extending about 1 cm. from the bottom of the panel, was 
badly spontaneously cracked with the higher current 
density portion microcracked and the lower current 
density portion macrocracked. The deposit also had a 
dark brownish cast. Therefore, although the zinc con 
tamination was counteracted by eliminating the extensive 
low current density striations and deposit thinness and 
darkness the deposit was otherwise unacceptable for 
bright nickel plating purposes. The test was repeated using 
0.04 g/l. of sodium hydroxymethyl sulfonate in place of 
the sodium bisulfite and an acceptable deposit was ob 
tained i.e. low current density effects were almost com 
pletely eliminated except for a slight darkness and thin 
ness of deposit in the range of 0 to 0.2 a.s.d. 
In a similar comparison of the organic hydroxy-sul 

fonate additives of the invention herein using the same 
contaminated bath composition but with a 1 g/l. con 
centration of sodium benzene monosulfinate instead of 
the organic hydroxy-sulfonate compounds of the inven 
tion herein, it was found that the sodium benzene mono 
sulfinate provided improved zinc tolerance for the con 
taminated bath composition, but the leveling character 
istics (as evidenced by the degree to which the electro 
deposit filled a standard scratch placed on the brass panel 
prior to plating with 4/0 grit emery paper) were com 
pletely lost. 

EXAMPLE 6 

A nickel electroplating bath composition was prepared 
by combining in water the following ingredients to pro 
vide the indicated concentrations (in g/l. unless other 
wise indicated). 

Ingredient: Concentration 
NiSO47HO -------------------------- 300 
NiCl6HO em's or wroom mum r 4 em as aw as a wiss as a w w w us 60 

BOs -------------------------------- 45 
Sodium saccharinate (0.6 mole HO) ------- 3.8 
Sodium allyl sulfonate ------------------- 2.3 
2-methyl-3-butyn-2-ol (mg/l.) ------------ 10 
N-1,2-dichloropropenyl pyridinium chloride 
(mg/l) ---------------------------- 10 

Sodium di-n-hexylsulfosuccinate ----------- 0.125 

Using the plating conditions set forth in Example 1, a 
brilliant, well-leveled ductile deposit was obtained, but 
an area in the low current density end of the panel (cor 
responding to a current density of from about 0 to 0.8 
asid) was generally thin, dark, non-uniform, and par 
tially striated. 
To samples of the foregoing bath composition were 

added amounts of sodium hydroxymethyl sulfonate, di 
Sodium 1-hydroxy-1,3-propane disulfonate, disodium-c- 
Sulfo-glycolate, and sodium 1-glycerol sulfonate, to pro 
vide concentrations of about 1 g/l. of each additive in 
each sample. New clean identical brass panels were then 
electroplated using each bath sample under the same 
conditions as employed in Example 1 to produce nickel 
plated panels with excellent luster, coverage, color and 
uniformity in the previously defective low current density 
end of the panels with the complete absence of any in 
dication of thin, dark, or striated areas on the panels. 
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EXAMPLE 6 
To the original uncontaminated: bath of Example 1 

there were added the following additional organic addi 
tives: 

Sodium allyl sulfonate (g./1.) ------------------- 2.3 
Bis - g - hydroxyethylether of 2 - butyne - 14 - diol 

(mg/l.) ---------------------------------- 75 
2-butyne-1,4-diol (mg/l.) ----- or a lar as urn- or 'vpon n w was my 9 

Propargyl alcohol (mg/l.) --------------------- 9 

5 

O 

The amounts of the last three primary brightener-type 
additives used were about a 50% excess over optimum for 
each ingredient in this particular primary brightener com 
bination. 
On running a plating test as described in Example 1, 

the low current density characteristics of the deposit were 
about the same, as described in Example 5; that is, the 
portion of the panel corresponding to a current density 
of 0-0.8 a.s.d. had a thin, dark, non-uniform and striated 
deposit. The addition of 1 g/l. of additive, sodium hy 
droxymethyl sulfonate, disodium 1-hydroxy-1,3-propane 
disulfonate, disodium-ox-sulfoglycolate, or sodium 1-glyc 
erol sulfonate, resulted in an excellent deposit in the low 
current density end of the range characterized by excellent 
luster, coverage, color and uniformity of deposit with the 
complete absence of thin, dark, striated areas. 

EXAMPLE 7 
A cobalt electroplating bath composition was prepared 

by combining in water the following ingredients to pro 
vide the indicated concentrations (in g/l. unless indicated 
otherwise). 
Ingredient: Concentration 

CoSO u 7HO - - room wrism an a -a -u- up an am - was a -n - - mo as a 300 

CoCl2 s 6HO - - on my an a sad mino n - am - a a arm won a - as a a 60 

HBOs -------------------------------- 45 
Sodium saccharinate (0.6 mole H2O) ------- 3.8 
Bis - B - hydroxyethyl ether of 2 - butyne - 1,4- 

diol (mg/l.) ------------------------ 50 
Sodium allyl Sulfonate ------------------- 2.3 
Sodium di-n-hexyl sulfosuccinate ---------- 0.025 

On running a plating test as described in Example 6, 
the deposit was non-uniformly dull with a pronounced 
brownish cast. On adding the equivalent of 1 g/l. sodium 
hydroxymethyl sulfonate, disodium 1-hydroxy-1,3-pro 
pane disulfonate, disodium-O-sulfo-glycolate, or sodium 1 
glycerol sulfonate additive, a brilliant, well-leveled cobalt 
electrodeposit was obtained in each case wtih the excep 
tion of a small dull iridescent brownish area adjacent to 
the high current density edge of the panel and about 1 
square cm. in total area. This high current density dull 
area was eliminated by adding 0.1 g./I. NaI. Without the 
organic hydroxy-sulfonate additives of the invention here 
in, at least about 0.75 g./I. of NaI would have been re 
quired to obtain equivalent good results. 

EXAMPLE 8 
A nickel-cobalt alloy electroplating bath was prepared 

by combining in water the following ingredients to pro 
vide the indicated concentrations. 
Ingredient: Concentration (g./1.) 

NiSO47H2O -------------------------- 300 
NiCl26H2O --------------------------- 60 
CoSO47H2O -------------------------- 60 
HisBOs -------------------------------- 40 
Sodium benzene monosulfonate.------------ 7.5 
Sodium allyl sulfonate ------------------- 2.3 
2-methyl-3-butyn-2-ol ------------------- 0.01 
N-1,2-dichloropropenyl pyridinium chloride - 0.01 
Sodium di-n-hexyl sulfosuccinate ----------- 0.025 
pH (electrometric) ---------------------- 3.8 

On plating a brass panel in a Hull Cell in this solution 
under the same conditions as in Example 1, the deposit 
was very non-uniformly milky to dull and only partial 
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2 
low current density coverage was obtained. On adding 1 
g./l. of sodium hydroxymethyl sulfonate, disodium 1-hy 
droxy-1,3-propane disulfonate, disodium-a-sulfo-gly 
colate, or sodium 1-glycerol sufonate additive to the Hull 
Cell solution for three different samples of the same bath 
composition and repeating the Hull Cell test, a brilliant, 
well-leveled, quite ductile deposit was obtained which 
had excellent low current density coverage. The anode 
used in this test was nickel. 
As can be seen from the foregoing examples and the 

remainder of the specification herein, the use of a com 
pound which contains a carbon atom having both a hy 
droxyl group and a sulfonate group attached to the same 
carbon atom provides uniquely unexpected improvements 
in the nickel, cobalt, and nickel-cobalt plating art. 
Although this invention has been illustrated by refer 

ence to specific embodiments, modifications thereof which 
are clearly within the scope of the invention will be ap 
parent to those skilled in the art. 
What is claimed is: 
1. In a process for the preparation of an electrodeposit 

which contains at least one metal selected from the group 
consisting of nickel and cobalt which comprises passing 
current from an anode to a cathode through an aqueous 
acidic plating solution containing a member selected from 
the group consisting of cobalt compounds and nickel 
compounds providing cobalt or nickel ions for electro 
depositing cobalt or nickel and containing an effective 
amount of at least one additive; the improvement compris 
ing the presence of 0.1 gram per liter to 5 grams per liter 
of an organic hydroxy-sulfonate compound of the for 
mula: 

O 

o H k 

wherein M is a cation having a valence of 1-2; k is an 
integer 1-2 corresponding to the valence of M; and R is 
hydrogen or a monovalent aliphatic group of 1-16 carbon 
atoms; for a time period sufficient to form a metal elec 
troplate upon said cathode surface. 

2. The process as claimed in claim 1 wherein M is am 
monium. 

3. The process as claimed in claim 1 wherein M is 
an alkali metal or alkaline earth metal cation. 

4. The process as claimed in claim 1 wherein the organic 
hydroxy-sulfonate compound is selected from the group 
consisting of sodium hydroxymethyl sulfonate, disodium 
1-hydroxy-1,3-propane disulfonate, disodium-a-sulfo-gly 
colate, and sodium 1-glycerol sulfonate. 

5. A process for regenerating an aqueous electroplating 
bath containing at least one member selected from the 
group consisting of cobalt compounds and nickel com 
pounds providing cobalt or nickel ions for electrodeposit 
ing cobalt or nickel which comprises adding an organic 
hydroxy-sulfonate compound of the formula: 

pH 
it O 

k 

wherein M is a cation having a valence of 1-2; k is an 
integer 1-2 corresponding to the valence of M; and R is 
hydrogen or a monovalent aliphatic group of 1-16 carbon 
atoms; in an amount to regenerate said aqueous electro 
plating bath. 

6. In an aqueous plating acidic solution containing a 
member selected from the group consisting of cobalt com 
pounds and nickel compounds providing cobalt or nickel. 
ions for electrodepositing cobalt or nickel and containing 
an effective amount of at least one additive; the improve 
ment comprising the presence of 0.1 gram per liter to 5 
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grams per liter of an organic hydroxy-sulfonate compound 12. The composition as claimed in claim 6 wherein the 
of the formula: organic hydroxy-sulfonate is a compound of the formula: 

gh 
o 5 so.N. ph 

H k H-C-CH-C-SOs Ca 
wherein M is a cation having a valence of 1-2, k is an in- &H, h 
teger 1-2 corresponding to the valence of M; and R is 
hydrogen or a monovalent aliphatic group of 1-16 carbon 

2 

atomS. l0 13. A regenerated plating bath composition containing 
7. The composition as claimed in claim 6 wherein M is at least one member selected from the group consisting 

ammonium. of cobalt compounds and nickel compounds providing co 
8. The composition as claimed in claim 6 wherein M is balt or nickel ions for electrodepositing cobalt or nickel 

an alkali metal or alkaline earth metal cation. which contains an organic hydroxy-sulfonate compound of 
9. The composition as claimed in claim 6 wherein the 5 the formula: 

organic hydroxy-sulfonate compound is selected from the 
group consisting of sodium hydroxymethyl sulfonate, di- OH 
sodium 1-hydroxy-1,3-propane disulfonate, disodium-or 
sulfo-glycolate, and sodium 1-glycerol sulfonate. R- -SO3 

10. The composition as claimed in claim 6 wherein the 20 H 
organic hydroxy-sulfonate is a compound of the formula: 

k 

H wherein M is a cation having a valence of 1-2; k is an 
CHCHé-so:M integer 1-2 corresponding to the valence of M; and R is 
&H ÖH. dh 25 hydrogen or a monovalent aliphatic group of 1-16 carbon 

wherein M is an alkali metal or ammonium. atoms. o 
11. The composition as claimed in claim 6 wherein the References Cited 

organic hydroxy-sulfonate is a compound of the formula: UNITED STATES PATENTS 
H 30 3,506,548 4/1970 Duchene ------------ 204-49 

t GERALD L. KAPLAN, Primary Examiner 
O-C-SOM 

U.S. C. X.R. 

wherein M is an alkali metal or ammonium. 35 204-48, 49, Dig. 2; 260-513 R 


