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This invention relates to electroplating and, more par 

ticularly, to electrodepositing nickel from an aqueous 
acidic nickel plating bath. The invention is based on the 
discovery that the monoadduct bisulfite addition products 
of acetylenic compounds, when incorporated in a nickel 
electroplating bath which also contains one or more water 
soluble acetylenic brightening compounds, are remarkably 
effective for promoting the formation of very bright and 
ductile electrodeposits of nickel over a wide current den 
sity range and, moreover, exert a pronounced leveling ef 
fect on the electroplate formed during the plating opera 
tion. The current density range over which bright deposits 
are formed, and the quality of the deposit may be further 
improved by incorporating one or more sulfo-oxygen 
"carrier' brightener compounds in the bath in conjunction 
with the bisulfite addition product and the water-soluble acetylenic brightener. 

Theoretically, there are at least two possible bisulfite 
addition products which may be formed from a given acet 
ylenic compound. Disregarding the numerous optical 
and geometrical enantiomorphs which chemical theory 
predicts may be formed, the addition of a bisulfite to an 
acetylenic bond proceeds in two successive stages, the 
first of which results in the formation of an initial bisul 
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fite addition product which in turn reacts, in the second 
stage, to form a second bisulfite adduct. The extent of 
the reaction is dependent upon and therefore controlled 
by the molar proportions of bisulfite present in the re 
action mixture. Although the proof of structure of each 
of the two adducts is far from conclusive, the initial bi 
sulfite addition product of an acetylenic compound ap 
pears to be an ox.(3-unsaturated Sulfonic acid (or sul 
fonate), which is capable of undergoing further addition 
in the presence of excess bisulfite to form the second ad 
duct. The apparent structure of this second bisulfite ad 
dition product is that of a saturated disulfonic acid (or 
sulfonate), in which the sulfonic acid (or sulfonate) 
groups are vicinal. 

Because almost any acetylenic compound can be made 
to undergo bisulfite addition, that is can be made to react 
with a compound capable of forming a chain-carrying 
sulfite radical to form one or more bisulfite addition prod 
ucts, no single common structural feature can be advanced 
to unequivocally characterize all of these adducts. At 
the present time, the only convenient characterization of 
the adducts is based on designating the proportionate 
amount of bisulfite (or of any compound capable of form 
ing a chain-carrying sulfite radical) used in the reaction 
mixture. For example, the addition of a single equivalent 
of bisulfite to an acetylenic bond yields a compound which 
may be termed a "monoadduct,” while further addition 
of a second equivalent of bisulfite to this compound re 
sults in the formation of a second adduct which, for con 
venience, is designated as a “biadduct," both adducts probably containing impurities. 

Using a bisulfite addition product prepared by reacting 
a water-soluble acetylenic compound together with N times 
an equivalent weight of a compound capable of forming 
a chain-carrying sulfite radical, where N is equal to the 
number of acetylenic bonds per molecule of the acetylenic 
compound, we have found that it is possible to promote 
the formation of bright and even brilliant electrodeposits 
of nickel over very wide current density ranges when the 
bisulfite adduct is incorporated in an aqueous acidic nickel 
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2 
plating bath containing one or more water-soluble acetyl 
enic brightener compounds. When the bisulfite adduct is 
incorporated in an aqueous acidic nickel plating bath 
which also contains one or more sulfo-oxygen “carrier" 
brightener compounds in conjunction with the acetylenic 
brightener, the current density range over which bright 
deposits are formed is extended still further, for the com 
bined use of the bisulfite addition product, the water 
soluble acetylenic brightener, and the sulfo-oxygen com 
pound has been found to exert a synergistic effect on the 
brightening capacity of the bath as compared with the 
use of either of these additives by themselves. 
Only very small quantities of these bisulfite addition 

products are required in the plating bath for, in general, 
concentrations as low as 0.1 millimol per liter have been 
found to be effective. In many cases, however, at least 1 
millimol per liter of the bisulfite addition products should 
be employed to secure the full benefit of their presence 
in the bath. There appears to be no critical upper limit 
on the concentration of these bisulfite addition products 
save solubility, but there is generally no advantage in 
employing more than 300 millimols per liter, and in most 
plating baths substantially the full benefit of its presence 
is achieved with 50 millimols per liter, or even less. 
Any bisulfite addition product prepared by reacting a 

Water-Soluble acetylenic compound with N times an equiv 
alent weight of a compound capable of forming a chain 
carrying sulfite radical, where N is equal to the number 
of acetylenic bonds per molecule of the acetylenic com 
pound, may be selected for inclusion in the plating solu 
tion. Particularly Satisfactory results have been obtained 
by using the bisulfite addition products prepared from c 
Substituted or a,c'-disubstituted acetylenic compounds, 
both of which contain a functional group on a carbon 
atom vicinal to the acetylenic bond. It is of course neces 
sary that the particular ox-substituted or a,c'-disubstituted 
acetylenic compound used to prepare the bisulfite adduct 
contains at least one acetylenic bond which is neither 
sterically nor electronically hindered from undergoing 
reaction with a chain-carrying sulfite radical, and that 
the bisulfite adduct be capable of being dissolved in acid 
without undergoing decomposition. 

Preparation of the bisulfite addition products is gen 
erally accomplished by refluxing an aqueous solution 
containing both the acetylenic compound and an alkali 
metal bisulfite (or sulfite) until most of the bisulfite (or 
sulfite) ions have been consumed. The rate at which bi 
sulfite ion is consumed in the reaction mixture may be 
accelerated by passing gaseous oxygen through the mix 
ture or by adding a trace amount of a free radical initiator 
(i.e., benzoyl peroxide) to the reactants; the rate is sharply 
diminished, on the other hand, by adding trace amounts 
of free radical inhibitors such as hydroquinone and similar 
antioxidants, to the reaction mixture. From these ob 
servations, it may be concluded that bisulfite addition to 
an acetylenic bond occurs primarily by a radical chain 
process, in which the chain-carrying steps may be postu 
lated as proceeding via the following reaction sequence: 

so 
so + -C=C- - --ó- (l 

G so SO3 
a G G 

-CaseC---. ISO3 -C=C- -- SO3. (2) 
The exact nature of the chain-carrying sulfite radical 

is not actually known, since a similar chain involving 
HSO can be written. Both species 

6 
(SO3s and ESO30) 

have been proposed for the autoxidation of bisulfite and 
sulfite ions by oxygen, and hence either may be the transi 
tory intermediate which adds to the acetylenic bond. No 
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matter what the transitory intermediate radical, however, 
any compound which is capable of forming a chain-carry 
ing Sulfite radical may be used to form the bisulfite adduct. 
The term "compound capable of forming a chain-carrying 
Sulfite radical” denotes the alkali metal or metal bisulfites, 
Sulfites, and metabisulfites, as well as sulfurous acid or 
gaseous Sulfur dioxide. All of these compounds may be 
used to form bisulfite adducts of acetylenic compounds 
which, in turn, may be used in nickel plating baths in ac 
cordance with this invention. 

Even though all of the available evidence indicates that 
bisulfite addition to an acetylenic bond is radical in na 
ture, and that consequently the predominant product 
formed when excess bisulfite is used is the corresponding 
vicinal disulfonic acid (or disulfonate), the possibility 
that bisulfite or sulfite ions form charge-transfer complexes 
with acetylenic bonds, or that bisulfite or sulfite ions un 
dergo ionic addition to an acetylenic bond, cannot be com 
pletely dismissed. 

After the bisulfite adduct has been prepared, the re 
action mixture may be added directly (or decolorized and 
then added directly) to the nickel plating bath or, al 
ternatively, the bisulfite addition product may be recovered 
from the reaction mixture (either by crystallization or 
precipitation), and then added to the plating bath, the 
same plating results being obtained in either case. Al 
though the bisulfite addition products may be used in con 
centrations as high as 300 miliimols per liter, or even 
more, there is no particular advantage to be gained from 
the higher concentrations, and the biadducts are pref 
erably used in the range of concentrations from about 1 
to about 50 millimols per liter, or even in the relatively 
narrow range from 1 to 10 millimols per liter. 
Although all water-soluble acetylenic compounds, par 

ticularly those which contain one or more oxygen atoms, 
exert some degree of leveling on nickel plating baths and 
may therefore be used in the bath in combination with 
the bisulfite adduct, our experience has indicated that the 
water-soluble reaction products prepared via a base-cata 
lyzed addition of a hydroxy-substituted acetylenic com 
pound to an epoxide generally exhibit a more pronounced 
leveling effect on the bath during the plating operation 
than do any of the other water-soluble acetylenic bright 
eners. These alkynol-epoxide adducts, when incorporated 
in a nickel plating bath in combination with various bi 
sulfite monoadducts in accordance with the invention, 
give a very high degree of leveling and a very wide bright 
plating range of current densities. Moreover, electro 
plates formed from baths containing the alkynol-epoxide 
adduct and a bisulfite monoadduct exhibit an unusually 
high tolerance to the presence of metallic impurities in 
the bath, such as copper and zinc, and have notably great 
ductility and a remarkably low internal stress. 

Because almost any hydroxy-substituted acetylenic 
compound can be made to react in the presence of a base 
with an epoxide, absent steric hindrance either of the 
hydroxy group or of the oxirane ring, no single common 
structural feature can be advanced to unequivocally char 
acterize all of the reaction products which are prepared 
by a base-induced reaction between an alkynol and an 
epoxide and which may be used in a nickel plating bath 
in accordance with the invention. Structural characteriza 
tions of several of these reaction products, which have 
been used successfully in nickel plating baths, have been 
made on the basis of structural similarities between the 
alkynols used to prepare these reaction products. For 
example, where the reaction product is prepared by a 
base-induced addition of an o-hydroxy acetylenic com 
pound to an epoxide, then the common structural feature 
of all such adducts is the presence of a 6-oxyethoxy group 
on the carbon atom vicinal to the acetylenic bond, as rep 
resented by the following structural formula: 
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4 
Where the reaction product is prepared from an alkynol 
in which one or more hydroxy groups are several car 
bons removed from the acetylenic bond, then this 6-oxy 
ethoxy grouping will be correspondingly removed from 
the acetylenic bond. Only relatively small quantities of these alkynol-epox 
ide reaction products are required in the plating bath, 
when they are used in conjunction with a bisulfite mono 
adduct brightener in accordance with the invention, for 
the presence in the molecule of both an acetylenic bond 
and a 3-oxyethoxy grouping appears to exert a pronounced 
leveling effect on the electroplate formed during the plat 
ing operation. In general, concentrations of the alkynol 
epoxide reaction products as low as 0.1 millimol per liter 
are effective, but in many cases at least 1 millimol per liter 
should be employed to secure the full benefit of their 
presence in the bath. There appears to be no critical 
upper limit on the concentration of these alkynol-epoxide 
adducts save solubility, but there is no advantage general 
ly in employing more than 50 millimols per liter, and in 
most plating baths substantially the full benefit of its 
presence is achieved with 10 millimols per liter or less. Any alkynol-epoxide reaction product prepared via a 
base-induced reaction between a hydroxy-substituted 
acetylenic compound with from N' to xN times an 
equivalent weight of an epoxide, where N' is an integer 
from 1 to 20 and x is equal to the number of hydroxy 
groups per molecule, and which is capable of being dis 
solved in an aqueous solution of either acid or base and 
does not undergo decomposition upon protonation or in 
the presence of a nucleophile may be selected for inclu 
sion in the plating solution together with the bisulfite 
monoadduct. Particularly satisfactory results have been 
obtained by using additives (reaction products) prepared 
from a-hydroxy-substituted acetylenic compounds, the 
only limitations being that the a-hydroxy acetylenic com 
pound used to prepare the additive contain at least one 
hydroxy group on a carbon atom vicinal to the acetylenic 
bond and that this hydroxy group be sufficiently unhin 
dered to form an alkoxide ion and react with an oxirane 
ring. If these two conditions are met, then any o-hydroxy 
acetylenic compound, including whose which are polyols, 
polyacetylenic, or both, or even contain other functional 
groups, may be used to form an adduct which is suitable 
for inclusion in a nickel plating bath containing a bi 
sulfite adduct. 
The epoxides used in preparing these alkynol-epoxide 

reaction products are structurally represented by the 
formula 

in which each of Ra and R are substituents of the group 
consisting of hydrogen, alkyl, alkenyl, mononuclear aryl 
and aralkyl groups, and hydroxy-substituted, alkoxy-Sub 
stituted, and epoxy-substituted alkyl and alkenyl groups, 
and each of R and Rd are substituents of the group con 
sisting of hydrogen, chloromethyl, carboxy, cyano, mono 
nuclear aryl, alkyl, alkenyl, alkoxy, alkenoxy, and hy 
droxy-substituted, alkoxy-substituted, alkenoxy-substi 
tuted, and epoxy-substituted alkyl, alkenyl, alkoxy, and 
alkenoxy groups. To obtain alkynol-epoxide reaction 
products which are readily soluble in aqueous solution, 
the chain length of each of the oxirane substituents (Ra, 
Rb R, and Rd) of the particular epoxide used to prepare 
the reaction product preferably should contain not more 
than from 5 to 7 carbon atoms. However, if these ox 
irane substituents contain a sufficient number of hydro 
philic groups, then the number of carbon atoms in the 
oxirane substituents does not materially affect the water 
solubility of the resultant alkynol-epoxide reaction prod 
lict. 

Preparation of the alkynol-epoxide reaction products 
is generally accomplished by inverse addition of the 
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epoxide to a reaction mixture of the alkynol and a 
catalytic amount of base. Inverse addition of the epoxide 
to the alkynol, rather than the converse, is the most 
frequently used technique since it affords close control 
over the number of recurring polyoxy groups in the end 
product. Other reaction techniques have been used to 
prepare the alkynol-epoxide adducts, including simul 
taneous addition of both reactants to a solution of base 
or initial polymerization of the epoxide followed by re 
action with the alkynol, but in general they are difficult 
to control and do not yield uniform products. 
Although the reaction between an alkynol and an 

epoxide is conveniently termed an "addition,' and al 
though the term “adducts' is used interchangeably in the 
specification with "reaction products,' since no elimina 
tion (or condensation) of water occurs during the reac 
tion and in a sense the end-product is the additive of the 
reactant moieties, the reaction is properly classified as a 
nucleophilic aliphatic substitution which proceeds via the 
formation of an acetylenic alkoxide anion which, in turn, 

5 

20 attacks one of the epoxide carbons and causes nucleo 
philic fission of the oxirane ring. Because the reaction 
is a nucleophilic aliphatic substitution, and is generally 
of second-order kinetics (SN2), certain generalizations 
can be made which will enable prediction of the struc 
ture of the reaction products. For example, the acet 
ylenic alkoxide anion preferentially attacks the primary 
epoxide carbon, if one is present, in a higher epoxide 
rather than secondary or tertiary carbon. Where both 
epoxide carbons and secondary or tertiary, then absent 
steric hindrance the anion will attack that epoxide carbon 
which possesses the highest fractional positive charge 
(669), as shown by the following reaction sequence: 

369 Ca 

9 
(3) 

Virtually any basic catalyst may be used in preparing 
these alkynol-epoxide reaction products, selection of a 
suitable catalyst being dependent upon the particular 
alkynol used in the reaction. Where ox-hydroxy acetylenic 
compounds are used to prepare the additives, then the 
basicity of the catalyst becomes important, since under 
certain conditions the anion of an o-hydroxy acetylenic 
compound is capable of undergoing a reverse-Favorskii 
reaction or cleavage into an acetylide ion and a carbonyl, 
as illustrated by the following reaction: 

(4) 

This side reaction may be prevented by employing mild 
reaction conditions when a strongly basic catalyst is en 
ployed, or by a mild base, such as triethylamine, when 
more vigorous reaction conditions are necessary to com 
plete the reaction. 
Among the most satisfactory acetylenic brightening 

agents are those prepared by reacting either an ox-hydroxy 
or an ox,c'-dihydroxy acetylenic compound with either 
ethylene oxide or epi-chlorohydrin. These adducts read 
ily dissolved in acidic nickel plating baths, and are un 
usually effective in such baths both in promoting the for 
mation of bright and ductile electrodeposits over wide cur 
rent density ranges and in exerting a pronounced leveling 
effect on the bath during the plating operation. Two such 
adducts which are notably effective when used in con 
junction with the carboxylic acid "carrier' additives are 
the ol,0'-di-(polyoxy)-2-butynes obtained upon the reac 
tion of 2-butyne-1,4-diol with ethylene oxide and with 
epichlorohydrin. 

2-butyne-1,4-diol reacts with ethylene oxide in the 
presence of a base to form a 1,4-di-(hydroxypolyethoxy)- 
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6 
2-butyne which is structurally characterized by the for 
mula 

and with epichlorohydrin to form a 1,4-di-hydroxypoly 
(6-chloromethyethoxy)-2-butyne, the structure of which 
is represented by the formula 

(Hol GHol 
H-IO CHCH)n-O-CH-C-C-CH-O-(CH2CHO-H 

n in both formulas being an integer from 1 to 20. The 
leveling effect of both of these reaction products in com 
bination with various bisulfite monoadducts in nickel 
plating baths is especially pronounced. 
The compounds listed in Table are examples of sulfo 

oxygen compounds which, when used in the plating bath 
in conjunction with a water-soluble acetylenic compound 
and the monoadduct bisulfite addition product of the 
same or a different acetylenic compound, extend the cur 
rent density range over which the formation of ductile 
and bright nickel electro-deposits may be obtained. These 
sulfo-oxygen compounds may be used over a very wide 
range of concentrations (4 to 80 grams per liter), but 
preferably are used in an amount in the range from about 
1 to about 20 grams per liter. 

TABLE I 

Organic Sulfo-Oxygen Compounds 
(1) Unsaturated aliphatic sulfonic acids, and alkali metal, 
ammonium, magnesium, and nickel salts thereof: 
Sodium vinyl sulfonate, H2C=CHSONa 
Sodium allyl sulfonate, H2C=CHCHSONa 
2-phenylethylene sulfonic acid, CH3CH=CHSOH 

(2) Mononuclear aromatic sulfonic acids, and alkali 
metal, ammonium, magnesium, and nickel salts thereof: 

Benzene monosulfonic acid, CH5SOH 
Sodium benzene monosulfonate, CH5SONa 
Nickel benzene monosulfonate, (C6H5SO)Ni 
Sodium p-toluene monosulfonate, CHCHSONa 
p-Chlorobenzene sulfonic acid, ClC6H4SOH 
Sodium p-chlorobenzene sulfonate, ClC6H4SONa 
Sodium p-bromobenzene sulfonate, BrCHSONa 
1,2-dichlorobenzene sulfonic acid, ClC6HSOH 
1,2- or 2,5-dichlorobenzene sulfonate sodium salt, 
ClC6HSONa - 

Sodium m-benzene disulfonate, C6H4(SONa) 
m-Benzene disulfonic acid, CH4(SOH)2 
Nickel m-benzene disulfonate, CH4 (SO)Ni 
o-Sulfobenzoic acid monoammonium salt, 
HOOC-CHASONH 

1-amino-2,5-benzene disulfonic acid, 
H2NCH3(SOH)2 

o-Aminobenzene sulfonic acid, HNCHSOH 
(3) Mononuclear aromatic sulfinic acids, and alkali 

metal, ammonium, magnesium, and nickel salts 
thereof: 
Sodium benzene sulfinate, CH5SONa 
Scdium p-toluene sulfinate, CHCHSONa 

(4) Mononuclear aromatic sulfonamides and sulfoni 
mides: 

Benzene sulfonamide, CHSONH 
p-Toluene sulfonamide, CHCHSONH 

o-Sulfobenzoic imide, CH4CONHS O2 

Benzylsulfonamide, CHCHSONH 
Benzene sulfhydroxamic acid, CHSONHOH 
N,N-dimethyl-p-toluene sulfonamide, 
CHCHASON(CH3)2 

N,N-dicarboxyethyl benzene sulfonamide, 
C6H5SON(CHCOOH)2 
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(5) Binuclear aromatic sulfonic acids, and alkali metal, 
ammonium, magnesium, and nickel salts thereof: 

2-naphthalene monosulfonic acid, C10HSO3H 
1,5- or 2,7-naphthalene disulfonic acid, 
C10Hs (SOH)2 

Nickel 1,5- or 2,7-naphthalene disulfonate, 
CoSs (SO3) Ni - 

Sodium naphthalene trisulfonate, C10H5 (SONa)3 
Naphthalene trisulfonic acid, CH5 (SOH)3 
Diphenyl p,p'-disulfonic acid, 
HSOCH-CHSOH 

2-naphthol-3,6-disulfonic acid, HOCH(SOH)2 
Sodium 2-naphthol-3,6-disulfonate, 
HOCHs (SONa) 

1-naphthylamine-3,6,8-trisulfonic acid, 
H.N.CoHA (SOH)3 

(6) Heterocyclic sulfonic acids, and alkali metal, am 
monium, magnesium, and nickel salts thereof: 

Thiophene sulfonic acid, C.H.S.SOH 
Sodium thiophene sulfonate, C.H.S.SONa 
2-(4-pyridyl)ethyl sulfonic acid, CHN.CHSOH 

For the most part only the free sulfonic acids are 
listed in Table I. However, the alkali metal, ammonium, 
magnesium, and nickel salts of these acids are in all cases 
the full equivalent of the corresponding sulfonic acid, 
and may be used in its place in carrying out the process 
of the invention. 
The following examples are illustrative of the effective 

ness with which the monoadduct bisulfite addition prod 
ucts of acetylenic compounds may be used in conjunction 
with water-soluble acetylenic brightener compounds in 
accordance with this invention. In each example, Watts 
nickel plating bath having the following basic composi 
tion was used: 

Grams per liter 
Nickel sulfate, NiSO4.7H2O -------------------- 300 
Nickel chloride, NiCl2.6H2O ------------------- 45 
Boric acid, HsBO3 ---------------------------- 40 

After adjusting the pH of the bath to 4.5 with sul 
furic acid and adding varying quantities of either a 
water-soluble acetylenic brightener, a monoadduct bisul 
fite addition product or an acetylenic compound, a sulfo 
oxygen "carrier' brightening compound, or various com 
binations of these additives, an electrodeposit of nickel 
was formed on a brass cathode in a Hull cell, using air 
agitation, a bath temperature of 60° C., and a total cur 
rent of 2 amperes. 

EXAMPLE I 

Upon the addition of 0.3 gram per liter of 1,4-di-(6- 
hydroxy-ethoxy)-2-butyne to the basic Watts plating solu 
tion described above, a bright nickel electrodeposit was 
formed over only a portion of the brass cathode, the 
deposit exhibiting a striking feather-like pattern in which 
alternate areas of the nickel electroplate possessed vari 
able thickness. 

EXAMPLE II 

The bisulfite addition product of 2-butyne-1,4-diol was 
prepared by refluxing equimolar proportions of 2-butyne 
1,4-diol (in the form of a 36 percent aqueous solution) 
and sodium bisulfite. After refluxing the reaction mix 
ture for about 7% hours, it was diluted with water, 
treated with activated carbon and filtered, yielding a very 
light yellow solution. Titration of an aliquot of the 
filtrate with standard iodine-potassium iodide reagent, 
using starch as an indicator, showed that only 2.6 
mol percent of the original sodium bisulfite had 
remained unreacted. From both the infrared spectrum 
and the chemical properties of the bisulfite addition prod 
uct, it was adduced that the predominant product formed 
during the reaction was sodium 1,4-dihydroxy-2-butene 
2-sulfonate. The bisulfite addition product could be used 
in nickel plating baths without further purification, or 
it could be precipitated or crystallized from solution and 
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8. 
then redissolved in the plating bath, the plating results 
being the same in either case. 
When 0.2 gram per liter of the resulting bisulfite ad 

dition product was incorporated in the standard Watts 
plating solution described above, to which had been added 
0.3 gram per liter of 1,4-di-(6-hydroxyethoxy)-2-butyne, 
the resultant electrodeposit was very bright over a very 
wide current density range and exhibited only a slight 
amount of the freakiness and skip plating which char 
acterized the electroplate produced in Example I. 
The addition of 4 grams per liter of sodium benzene 

sulfonate to this bath increased the current density range 
over which bright deposits are formed, but did not de 
crease the slight degree of skip plating or freakiness ob 
tained. Increasing the concentration of the sodium 1,4- 
dihydroxy-2-butene-2-sulfonate (the monoadduct bisul 
fite addition product of 2-butyne-1,4-diol) to 0.4 gram 
per liter completely eliminated all traces of skip plating 
or freakiness from the electrodeposit. 

EXAMPLE II 

The pronounced leveling effect exerted upon the elec 
troplate formed from a bath which contains both an 
acetylenic brightener and a monoadduct bisulfite addi 
tion product of the same or a different acetylenic com 
pound is illustrated by the four examples set forth in 
Table II below. In each of these examples, an electro 
deposit of nickel was formed on a roughened steel panel 
having a roughness value (root mean square value in 
microinches) of from about 18 to about 24, using a bath 
temperature of 60° C., air agitation, and a current density 
ranging from 3.2 to 6.4 amperes per square decimeter. 

TABLE I 

Leveling Effect Upon Using the Bisulfite Addition Prod 
uct of 2-Butyne-1,4-Diol and 1,4-Di-(g-Hydroxyeth 
oxy)-2-Butyne in Bright Nickel Plating Baths 

Bath No 
-- moa-d 

1. 2 3. 4. 

A. Bath Composition (gll): 
Benzenesulfonamide--------------------- 1. 1. 1. 1. 
Sodium benzenesulfonate---------------- 3 1. 3 
Sodium 1,4-dihydroxy-2-butene - 2 - 
Sulfonate------------------------------- 0, 4 0.4 0.4 0.4 

1,4-Di-(6-hydroxyethoxy)-2-butyne.----------- 0.14 0.14 0.4 

B. Operating Conditions: 
Plating time (minutes).------------------- 20 20 20 20 
Current density (amps.1dm.) 3.2 3.2 6.4 6.4 
pH------------------- 4.5 4.5 4.5 4.5 
emperature (C.). 60 60 59 60 

O. Character of Electrodepo 
Surface roughness before plating (micro 
inches)-------------------------------- 20.6 22.3 8.2 24.2 

Surface roughness after plating (micro 
inches)-------------------------------- 1.2 7.6 4.5 4.5 

Reduction in surface roughess (percent) -- 45.5 66.0 76.0 81.5 

EXAMPLE IW 

When as little as 5 milligrams per liter of copper (in 
the form of a stable, acid soluble copper compound) are 
added to a Watts nickel plating solution containing 4 
grams per liter of sodium benzenesulfonate and 0.15 
gram per liter of 2-butyne-1,4-diol, the resultant electro 
deposit is discolored by a dark area in the low current 
density zone of a Hull cell panel. Similar hazes and 
discolorations are also produced when the bath is con 
taminated with other metallic impurities, such as zinc. 
The addition to the bath of only 0.09 gram per liter of 
sodium 1,4-dihydroxy-2-butene-2-sulfonate (the bisulfite 
adduct described in Example II) completely eliminates 
the discolorations on the test panel produced by the pres 
ence of copper or zinc impurities in the bath, 

EXAMPLE W 

Using a basic Watts nickel plating bath described 
above, to which had been added 8 grams per liter of 
sodium benzenemonosulfonate, 0.1 gram per liter of so 
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dium 1,4-dihydroxy-2-butene-2-sulfonate (the bisulfite 
adduct described in Example II), and 0.1 gram per liter 
of 2-butyne-1,4-diol, a very bright nickel electrodeposit 
was formed over the current density range of from less 
than 1 to more than 9 amperes per square decimeter, 
using a bath temperature of from 40° to 75° C., and a 
bath pH of from 2.8 to 5, with or without agitation. The 
electroplates possessed a smoothness greater than that of 
the basis metal on which it was deposited, low stress and good ductility. 

EXAMPLE WI 

To a dilute aqueous solution of 1,4-di-(6-hydroxyeth 
oxy)-2-butyne was added an equimolar quantity of sodi 
um bisulfite and the reaction mixture refluxed for about 7 
hours. After cooling, the solution was further diluted 
with water, treated with activated carbon, and filtered 
under suction, yielding an almost colorless filtrate. The 
predominant product formed during the reaction was 
sodium 1,4-di-(6-hydroxyethoxy)-2-butene-2-sulfonate. 
An electrodeposit of nickel was formed on a Hull cell 

test panel, using a basic Watts bath having substantially 
the same composition (in nickel sulfate, nickel chloride, 
and boric acid) described previously. The deposit formed 
at a bath temperature of 60° C. and at a pH of 3.1 to 
3.5 was matte and slightly stressed. Upon adding 0.4 
gram per liter of the resulting bisulfite adduct, 0.3 gram 
per liter of 1,4-di-((3-hydroxyethoxy)-2-butyne, 4 grams 
per liter of sodium benzenesulfonate, 0.8 gram per liter 
of benzenesulfonamide, and 0.4 gram per liter of sodium 
saccharin, a bright to brilliant electrodeposit was formed 
under the same plating conditions. 

In the foregoing examples of the invention, the mono 
adduct bisulfite addition products of acetylenic com 
pounds were used successfully in the standard Watts 
nickel electroplating bath, which is prepared by dissolv 
ing nickel sulfate, nickel chloride, and boric acid in 
water. Similar advantages are also attained when the 
bisulfite addition product is dissolved in other types of 
aqueous acidic nickel electroplating baths. For example, 
the bisulfite adducts are beneficial when used in straight 
nickel sulfate baths, in straight nickel chloride baths, and 
in various other nickel plating baths based on using nickel 
formate, nickel sulfamate, or nickel fluoborate as the 
nickel salt which is dissolved in the aqueous acidic sol 
vent. Consequently the invention is applicable to elec 
trodeposition from any aqueous acidic solution of one 
or more nickel salts. 
We claim: 
1. The process for producing a bright nickel deposit 

substantially smoother than the basis metal to which it 
is applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel Salt 
in which there is dissolved (a) from about 0.1 to about 
50 millimols per liter of a water-soluble bisulfite addi 
tion product of a water-soluble acetylenic compound and 
N times an equivalent weight of a compound capable of 
forming a chain-carrying sulfite radical and being Se 
lected from the group consisting of sulfurous acid, sulfur 
dioxide, and the alkali metal and metal bisulfites, sul 
fites, and metabisulfites, where N is equal to the number 
of acetylenic bonds per molecule of the acetylenic com 
pound, and (b) from about 1 to about 50 millimols per 
liter of a water-soluble reaction product of a base-cata 
lyzed reaction of a hydroxy-substituted acetylenic com 
pound with from N' to xN' times an equivalent weight 
of an epoxide, where N' is an integer from 1 to 20 and x 
is equal to the number of hydroxy groups per molecule 
of the hydroxy-substituted acetylenic compound, said 
epoxide having a structure represented by the formula 

Ra /'N Ra Do4 SoC R6 Ro 
in which each of Ra and Rb are substituents of the group 
consisting of hydrogen, alkyl, alkenyl, mononuclear aryl 
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10 
and aralkyl groups, and hydroxy-substituted, alkoxy-sub 
stituted, and epoxy-substituted alkyl and alkenyl groups, 
and each of Re and Rd are substituents of the group 
consisting of hydrogen, chloromethyl, carboxy, cyano, 
mononuclear aryl, alkyl, alkenyl, alkoxy, alkenoxy, and 
hydroxy-Substituted, alkoxy-substituted, alkenoxy-sub 
stituted, and epoxy-substituted alkyl, alkenyl, alkoxy, and 
alkenoxy groups. 

2. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which it 
is applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel salt in 
which there is dissolved (a) from about 0.1 to about 50 
millimols per liter of a water-soluble bisulfite addition 
product of a water-soluble acetylenic compound and N 
times an equivalent weight of a compound capable of 
forming a chain-carrying sulfite radical and being selected 
from the group consisting of sulfurous acid, sulfur di 
oxide, and the alkali metal and metal bisulfites, sulfites, 
and metabisulfites, where N is equal to the number of 
acetylenic bonds per molecule of the acetylenic com 
pound, (b) from about 1 to about 50 millimols per liter 
of a water-soluble reaction product of a base-catalyzed 
reaction of a hydroxy-substituted acetylenic compound 
with from N' to xN' times an equivalent weight of an 
epoxide, where N' is an integer from 1 to 20 and x is 
equal to the number of hydroxy groups per molecule 
of the hydroxy-substituted acetylenic compound, said 
epoxide having a structure represented by the formula 

in which each of Ra and Rb are substituents of the group 
consisting of hydrogen, alkyl, alkenyl, mononuclear aryl 
and aralkyl groups, and hydroxy-substituted, alkoxy 
substituted, and epoxy-substituted alkyl and alkenyl 
groups, and each of Re and Rd are substituents of the 
group consisting of hydrogen, chloromethyl, carboxy, 
cyano, mononuclear aryl, alkyl, alkenyl, alkoxy, alkenoxy, 
and hydroxy-substituted, alkoxy-substituted, alkenoxy 
substituted, and epoxy-substituted alkyl, alkenyl, alkoxy, 
and alkenoxy groups, and (c) from about 4 to about 
80 grams per liter of a water-soluble sulfo-oxygen com 
pound of the group consisting of unsaturated aliphatic 
sulfonic acids, mononuclear and binuclear aromatic sul 
fonic acids, heterocyclic sulfonic acids, mononuclear 
aromatic sulfinic acids, the alkali metal, ammonium, mag 
nesium, and nickel salts of said acids, and mononuclear 
aromatic sulfonamides and sulfonimides. 

3. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which it 
is applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel salt in 
which there is dissolved (a) from about 0.1 to about 50 
millimols per liter of a water-soluble bisulfite addition 
product of a water-soluble acetylenic compound and N 
times an equivalent weight of a compound capable of 
forming a chain-carrying sulfite radical and being selected 
from the group consisting of sulfurous acid, sulfur di 
oxide, and the alkali metal and metal bisulfites, sulfites, 
and metabisulfites, where N is equal to the number of 
acetylenic bonds per molecule of the acetylenic com 
pound, and (b) from about 1 to about 25 millimols per 
liter of 2-butyne-1,4-diol. 

4. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which it 
is applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel salt in 
which there is dissolved (a) from about 0.1 to about 50 
millimols per liter of a water-soluble bisulfite addition 
product of a water-soluble acetylenic compound and N 
times an equivalent weight of a compound capable of 
forming a chain-carrying sulfite radical and being se 
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lected from the group consisting of sulfurous acid, sul 
fur dioxide, and the alkali metal and metal bisulfites, 
sulfites, and metabisulfites, where N is equal to the num 
ber of acetylenic bonds per molecule of the acetylenic 
compound, and (b) from about 1 to about 50 millimols 
per liter of 1,4-di-(3-hydroxyethoxy)-2-butyne. 

5. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which 
it is applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel salt in 
which there is dissolved (a) from about 1 to about 50 
millimols per liter of a compound represented by the 
formula 

in which M is a cation substituent selected from the group 
consisting of hydrogen, alkali metals, ammonium, mag 
nesium, and nickel, and (b) from about 1 to about 50 
millimols per liter of 2-butyne-1,4-diol. 

6. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which it is 
applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel salt in 
which there is dissolved (a) from about 1 to about 100 
millimols per liter of a compound represented by the 
formula 

HO CH-CH= -CI2OH 
SO3M 

in which M is a cation substituent selected from the group 
consisting of hydrogen, alkali metals, ammonium, mag 
nesium, and nickel, and (b) from about 1 to about 50 
millimols per liter of 1,4-di-(3-hydroxyethoxy)-2-butyne. 

7. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which 

12 
it is applied which comprises electrodepositing nickel from 
an aqueous acidic solution of at least one nickel salt in 
which there is dissolved (a) from about 1 to about 50 
millimos per liter of a compound represented by the 

5 structure 
EO CHCH-O-CH=(-CH-O-CHCH-OH 

SO3M 
in which M is a cation substituent selected from the 
group consisting of hydrogen, alkali metals, ammonium, 
magnesium, and nickel, and (b) from about 1 to about 
50 millimols per liter of 2-butyne-1,4-diol. 

8. The process for producing a bright nickel deposit 
substantially smoother than the basis metal to which 

15 it is applied which comprises electrodepositing nickel 
from an aqueous acidic solution of at least one nickel 
salt in which there is dissolved (a) from about 1 to about 
50 millimols per liter of a compound represented by the 
structure 

20 EO CHCH-O-CH= -CH-O-CHCH-OH 
SOM 

O 

in which M is a cation substituent selected from the group 
consisting of hydrogen, alkali metals, ammonium, mag 

25 nesium, and nickel, and (b) from about 1 to about 50 millimols per liter of 1,4-di-((3-hydroxethoxy)-2-butyne. 
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