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This invention relates to bright nickel plating, and this 
application is a continuation in part of our copending 
application Serial No. 241,894, filed August 14, 1951 
(now abandoned). The invention is based on the discov 
ery that water-soluble acetylenic compounds, when incor 
porated as addition agents in a nickel electroplating bath 
in combination with various sulfo-oxygen compounds of 
the sulfonic acid type, are remarkably effective for pro 
moting the formation of bright and ductile nickei elec 
trodeposits from such bath. We have found that all 
water-solubie acetylenic compounds are effective bright- : 
eners when used in combination with a sulfo-oxygen 
compound; and we have found that in all instances the 
use of the sulfo-oxygen compound in combination with 
the acetylenic compound leads to improved results as com 
pared with use of the acetylenic compound alone. None 
theless it is possible to obtain commercially acceptable 
bright nickel deposits when using certain water-soluble 
acetylenic compounds alone as the brightening agents in 
corporated in the bath, and the invention therefore con 
templates the use of such compounds alone. 
A preferred process according to this invention for pre 

ducing bright nickel deposits comprises electrodeposit 
ing nickel from an aqueous acidic solution of at least 
one nickel salt, in which there is dissolved from about 
0.02 to 3 grams per liter of a water-soluble acetylenic 
compound, together with about 4 to about 80 grams per 
liter of a water-soluble sulfo-oxygen compound of the 
group consisting of unsaturated aliphatic sulfonic acids, 
Inononuclear and binuclear aromatic sulfonic acids, 
heterocyclic suifonic acids, mononuclear aromatic Sul 
finic acids, alkali metal, ammonium, magnesium and 
nickel salts of said acids, and inononuclear aromatic sul 
fonamides and imides. 
While any water-soluble acetylenic compound can be 

employed with success in the above-defined process for 
i producing bright nickel deposits, we have had particular 
success, particularly as regards production of ductile 
bright electrodeposits, when using an acetylenic com 
pound selected from the group consisting of 2-butyne 
1,4-diol, 4-methoxy-2-butyn-1-ol, 
diethylamino-2-butyn-1-ol, 4-(N-morpholinyl)-2-butyn-1- 
ol, 3-pentyn-i-ol, 2,4-hexadiyne-1,6-diol, and 1-diethyl 
amino-2-propyne. Compounds from among this group 
which have been found to be very satisfactory are those 
which have the formula 

in which R1 is a hydroxyl, hydroxymethyl or hydroxy 
ethyl radical, R2 is a hydrogen or methyl radical, and 
R3 is selected from the group consisting of methyl, 
hydroxymethyl, hydroxyethyl, methoxymethyl, diethyl 
aminomethyl, morpholinomethyl, and hydroxypropyne 
radicals. Compounds having this general formula, and 
other compounds in the group particularly specified 
above, are effective brighteners in nickel electropiating 

3-hexyne-2,5-diol, 4- : 
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baths and lead to the formation of bright nickel deposits 
of adequate ductility for many purposes, even when used 
alone (i. e. when no sulfo-oxygen compound is used 
in combination with thern), when dissolved in the bath 
in an amount ranging from about 0.2 to about 3 grams 
per liter. 
When any of these compounds is thus used alone as 

brighteners in the electropiating bath, the nickel deposit 
produced from such bath is brilliant, but at a thickness 
of about 0.001 inch (0.025 mm.), it is likely to be rather 
brittle, as indicated by slight cracking of the deposits 
and noise production when the article on which the de 
posit is formed is bent. When, however, the acetylenic 
compound is used in the electroplating bath in combina 
tion with a Sulfo-cxygen compound of the character 
described, the concentration of the acetylenic compound 
can be very considerably reduced (e. g. to one-tenth to 
one-fifth of the concentration required to give a brilliant 
nickel deposit in the absence of the sulfo-oxygen com 
pound) without loss of brilliancy, and in general with a 
substantial increase in ductility of the electrodeposit. 
As described in our aforementioned copending appli 

cation Serial No. 241,394, not all water-soluble acetylenic 
compounds are suitable when used alone as nickel bright 
eners in nickel electroplating baths. However, all water 
soluble acetylenic compounds which we have been 
able to test yield smooth bright electrodeposits when 
used in conjunction with one or more of the sulfo-oxygen 
compounds, and it is evident from our work that all 
water-Soluble acetylenic compounds can be used success 
fully in such combination. Thus, use of the sulfo-oxygen 
compound considerably extends the range of acetylenic 
compounds that can be employed with success. 

Brightener additions according to this invention have 
of course been used successfully in the standard Watts 
nickel electroplating bath. However, these brightener 
additions are also effective in all other acid nickel electro 
plating baths, and the invention therefore is applicable 
to any nickel electrodeposition operation from an aque 
ous acidic solution of one or more nickel salts. 

Examples of acetylenic compounds which we have used 
Successfully in embodiments of this invention are listed 
in Table below under the heading "Group A” com 
pounds; and similarly, examples of Suifo-oxygen com 
pounds which have been employed successfully in accord 
ance with the invention are listed below under the head 
ing "Group B' compounds. 

TABLE 

Group A compounds 

Acetylene, HC=CH 
2-propyn-1-ol (Propargyl alcohol), HC=CCH2OH 
3-butyn-1-ol, HC=CCH2CH2OH 
2-methyl-3-butyn-2-ol, HC=CC(OH)(CH3)2 
1-pentyn-3-ol, HC=CCH(OH) CH2CH3 
3-methyl-1-pentyn-3-ol, 

C=CC(CH3) (OH)CH2CH3 
3,5-dimethyl-1-hexyn-3-ol, 

HC=CC(CH3)(OH) CH2CH(CH3)2 
3-ethyl-1-heptyn-3-ol, - 

HC=CC(C2H5)(OH)CH2CH2CH2CH3 
1-ethynylcyclohexanol, HC=CC(OH) C5H10 

C=CCH2N (C2H5)2 
2-butyne-1,4-diol, HOCH2C=CCH2OH 
4-methoxy-2-butyn-1-ol, HOCH2C=CCH2OCH3 
1,4-dimethoxy-2-butyne, CH3OCH2C=CCH2OCH3 
3-hexyne-2,5-diol, CH3CH(OH) C=CCH(OH) CH3 
4-octyne-3,6-diol, 

CH3CH2CH(OH)C=CCH(OH)CH2CH3 
2,5-dimethyl-3-hexyne-2,5-diol, 

(CH3)2C(OH) C=CC(OH) (CH3)2 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

(7) 

(8) 

(9) 
(10) 1-diethylamino-2-propyne, 
(11) 
(12) 
(13) 
(14) 
(15) 

(16) 
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(17). 3,6-dimethyl-4-octyne-3,6-diol, 
CH3CHC(CH3)(OH) C=CC(C; i3) (OH) CH3CH3 

(18) 4-diethylamino-2-butyn-1-ol, 
HOCH2C=CCH3N (C2H5)2 (19) 4-(N-Morpholinyi)-2-butyn-1-ol, 
HOCH2C=CCH2N (C2H4)2C 

(20) 3-pentyn-1-ol, CH3C=CCH2CH2OH 
(21) 2,4-hexadiyne-1,6-diol, - 

HOCH2C=CC=CCH3(CH 
(22) Acetylene dicarboxylic acid, HOOCC=CCOOH 
When Group A compounds were used alone in a nickel 

plating bath containing 330 grams per liter nickel Sulfate, 
45 grams per liter nickel chloride, 37.5 grams per liter 
boric acid at pH=3.5, 50° C., 40 amperes per Square foot 
and with agitation, the results were as follows: 
Compounds 10, 11, 12, 14, 18, 19, 20, 21 gave smooth, 

brilliant electrodeposits, but deposits which at thicknesses 
above 0.0005'' were somewhat brittle. Optimu in con 
centrations required to produce brilliant nickel deposits 
were approximately: 
0.6 gram per liter of F10 
0.8 gram per liter of #11 
1.5 grams per liter of it 12 or F14 
0.4 gram per liter of #18 or if 19 or F20 
0.2 gram per liter of #21 (brilliant Smooth nickel deposits 

in the higher current density range; patterned streaky 
deposits in the lower current density range). 
Compounds 2, 3, 4, 5, 6, 7, 8, 9, 13, 15 gave at con 

centrations of the same order as above (0.2-0.8 gram per 
liter) patterned, streaky, wavy, flaky deposits, and it was 
difficult to obtain smooth bright deposits at still lower 
concentrations over a reasonably wide range of current 
densities. The disturbing influence of these addition 
agents on cathodic crystal growth is apparently too strong. 
Compound 16 was ineffective at 3.5 grams per liter 

and compound 17 gave at 0.6 gram per liter a dull deposit 
with some black streaks in the low current density area. 
Compound 1 (acetylene) gave bright and duil patches 

when bubbled (after purification by passage through 
water) over the test panel. 
Compound 22 (acetylene dicarboxylic acid) was only 

moderately effective as a brightener. 
All compounds (except compound 10) which gave 

smooth brilliant nickel deposits had the Structure 

-c=c- 
All compounds which had too strong a disturbing in 
fluence on cathodic crystal growth contained a HC=C- 
group. Only if, besides this group, they contained also an 
amino group (compound 10) did they give Smooth, bril 
liant deposits over a reasonably wide current density 
range. 
The ineffective compounds 16 and 17 contain the fol 

lowing group: 

which probably exerts steric hindrance of the approach 
to the cathode. 
The brightening effect of Group (acetylenic) com 

pounds 10, 11, 12, 14, 18, 19, 20, 21 when used alone 
was not restricted to sulfate-chloride-boric acid nickel plat 
ing baths, but appeared also in all-suifate, Sulfate-boric 
acid, Suifate-chioride, sulfate-fluoride, all-chloride, chio 
ride-boric acid, fiuoborate, fluoborate-boric acid, fluo 
borate-chloride-boric acid, sulfamate-boric acid, Sul 
famate-chloride-boric acid, sulfate-chloride-formate, and 
sulfate-chloride-formate-boric acid mickei piating baths. 
When a Group A compound was used in combination 

with a representative Group B compound (2 grams per 
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4. 
liter of naphthalene trisulfonic acid sodium salt) in a bath 
containing 330 grains per liter nickel Sulfate, 45 grams per 
liter nickel chloride, and 37.5 grams per liter boric acid, 
at a pH=3.5, 50° C., 40 amperes per square foot average 
current density, on bent cathodes, and with air agitation, 
the minimum concentrations of the Group A compounds 
required to produce brilliant electrodeposits are approxi 
mately as shown in Table . 

TABLE II 

Millinoles 
Per Liter. 

Granas Per Group A. Compound No. Liter 

p 

4. 

6 

: 2 

Deposit obtained at this concentration was not of the highest bril liancy obtainable. 
Brilliant and grey areas were formed on the bent cathode. 
Nickei deposits (8.031 inch thick) obtained with the 

amino compounds 0, 8, 19 and also with compounds 
16 and 17 were somewhat brittie. The brightening action 
of compound 1 (acetylene) was difficuit to control. How 
ever, bubbling acetylene (which had been washed with 
water in a gas washing flask) through a standard (Watts) 
nickel bath containing 2 grams per liter of naphthalene 
trisulfonic acid for three minutes before piating led to the 
formation of nickel deposits which were brilliant over 
considerable areas, though somewhat pitted and brittle. 
The compounds listed in Table H are examples of 

sulfo-oxygen compounds which, when used in combi 
nation with a water-soluble acetylenic (Group A) com 
pCund, promote formation of brilliant and adequately 
ductile nickel deposits. The concentration vaiues set 
opposite each compound in Table II were found to give 
good results when that compound was used in combina 
tion with 0.1 gram per liter of butynediol in a bath con 
taining 330 grams per liter nickel sulfate, 45 grams per 
liter nickel chloride, and 37.5 grams per liter boric acid 
at a pH of 3.5, at 50° C., and 40 amperes per square 
foot average current density, using bent cathodes and 
with air agitation. 

TABLE 
Group B compounds 

(1) Unsaturated aliphatic sulfonic acids, and alkali metal, ammonium, 
magnesium, and nickel salts thereof: 

Sodium vinyl sulfonate, H2C = CHSO3Na.-----...------ 2 and 4g.f. 
Sodiurnallyl sulfonate, HC = CHCH2SO3Na.---------. 2 and 4g.f. 
vlononuclear aromatic sulfonic acids, and alkalik metal, ammonium, Imagnesium and nickel salts thereof: 
Benzene monosulfonic acid, CH5SO3H----------------- 2 and 4g.f. 
Sodium benzene monosulfonate, CFssO3Na. 2 and 4g.f. 
Nickelbenzene unionosulfonate, (CssSO3)2HsNi-------- 2 and 4g.I. 
Sodium para-toluene monosulfonate, CH3CH3SO3Na--- 2 and 4g.I. 
fara-chlorobenzene sulfonic acid, ClC6H4SC3H--------- 2 and 4g.f. 
Sodit. In para-chlorobenzene sulfonate, ClC6H4SO3Na--- 2 and 4g.il. . . . 
Sodium para-bromobenzene sulfonate, BrCs4SO3Na--- 2 and 4g.fi. 
1, 2 dichlorobenzene sulfonic acid, Cl2C6H3SO3H-----... 2 and 4g.fi. 
1, 2, or 25 dichlorobenzene sulfonate sodium salt, 
ClC6H3S03 Na.-------------------------------------. 2 and 4g.I. 

Sodium phenylethylene sulfonate, C6H5CH=CHSO3 Na. 1. g.fl. 
Meta, benzene disulfonic acid, Csis (SOE)----- - 2 to 40 g.I. 
Sodium meta-benzene disulfonate, C5H4(SO3Na) 2 to 40 g.f. 
Nickelmeta-benzene disulfonate, C5H4(SOs);N - 2 to 40 g.fi. 
Ortho-sulfobenzoic acid monoamnilo 
EOCOCsISO3NH--------------- - - - 2g.f. . 

1-aimino-2,5-benzene disulfonic acid, Hs(SO3H) 2 and 4g.fl. 
Ortho-attainobenzene sulfonic acid, NCsh;SO3H-----. 2 and 4g.I. 

(3) Iononuclear aromatic sulfinic acids, and alkali metal, ammonium, magnesium and nickel saits thereof: 
Sodium benzene sulfinate, C6H5SO2Na-------------------- 0.4 g.fl. 
Sodiurn para-toluene sulfinate, C3CsBASO2Na------------- 0.4g-f. 

  



2,?i 2,522 
5 

(4) Mononuclear aromatic sulfonamides and imides: 
Benzene sulfonamide, Csh5SO2NH2------ 
Para-toluene sulfonamide, CECHSO2N 
Ortho-benzoic sulfimide, C5H4CONHSO2)-- 

l 

g 
g 
g 

Benzylsulfonamide, CHsCH2SO2NH2--------------------- 
g 

g 

Benzene sulfhydroxamic acid, CssSO;NHOH------------- 
N,N dinnethyl para-toluene sulfonami die, 
CH3C5H4SO2N(CH3)2------------------------------------- 2g.fl. 

N,N dicarboxyethyl benzene sulfonanidie, 
CohsSO2N(CHCOOH)2--------------------------------- 2 g/l. 

Binuclear aromatic sufonic acids and alkali metal, ammonium 
magnesium, and nickel salts thereof: 

2-naphthalene Inonosulfonic acid, C10HSO3H--------- 1.5 g.fl. 
1,5 or 2,7-naphthalene disulfonic acid, C10Hs (SO3H)2 - 1.5 and 3 g.fi. 
1,5 or 2,7-naphthalene disulfonic acid nickel salt, 
Co6(SO3)Ni. 1.5 and 3 g.fl. 

Naphthalene trisulfonic acid, C10Hs (SO3H)3---------- 1 to 40 g.fl. 
CoEs(SO3Na)3-------------------------------------- to 40 g.. 

(5) 

Naphthalene trisulfonic acid triso diurn salt, 

Diphenylpps disulfonic acid, HSO3CH-CH4SO3H.- Up to satu ration (less 
than 2 g.f.) 

2-naphthol-3,6-disulfonic acid, HOC10Hs (SO3H)2----- 4 g.fl. 
2-naphth ol-3,6-disulfonic acid sodium salt, 
HOC10Hs (SONa)2--------------------------------- 4 g.fl. 

1-naphthylamine 3,6,8, trisulfonic acid, 
H2N C10H (SO3H)3--------------------------------- 4 g/l. 

(6) Heterocyclic sulfonic acids and alkalimetal, ammonium, magnesium 
and nickel salts thereof: 

Thiophene sulfonic acid, CB3S-SO3H---------------- 1 g-fl. 
Sodiurn thiophene Sulfonate, CAB3S-SO3Na---------- ig.il 2-(4-pyridyl)ethylsulfonic acid,Cs H.N. CH2CH2SO3H 2 Eff. 

The concentrations given in Table II above are those 
at which brilliant nickel deposits were obtained but do 
not necessarily indicate optimum or maximum concen 
trations. In all cases the free sulfonic acids and their 
alkali metal, ammonium, magnesium, and nickei Salts are 
the full equivalents of each other for purposes of this 
invention. 
The following Table IV shows the results obtained on 

a bent cathode in a standard Watts sulfate-chloride-boric 
acid nickel plating bath under varying operating condi 
tions at a pH of 3.5 and with air agitation: 

TABLE IV 

j,3,6-Naphthalene Trisulfonic 
Acid Sodium Salt in g.fl. 

Temp...in o C. Pensity, Byello! Milky De 
p l Fl in g/l. Not Uniform posit 

S.G. it. Fully Bril. Especially 
Brilliant Dep. in Low 

c. d. Area 

13 0. 2 4 
40 0. 2 to 6 ------------ 
13 0. 1 to 2 
13 0.2 1 to 80 - 
40 0. 1 to 40 - 
40 0.2 1 to 80 - 
60 0.1 2 to 4 - 
60 0.1 1 to 2 
60 0.1 1. 

At low current density and/or high temperature the con 
centration of the naphthalene trisulfonic acid (or other 
Group B compound) should be kept rather low in order 
to avoid milkiness of the deposit in the low current den 
sity areas, especially if the butynediol (or other Group 
A compound) concentration is very low (say only 0. 
g/l.). At 0.2 g/l. of butynediol, the concentration lim 
its for naphthalene trisulfonate are extremely wide. In 
the same nickel sulfate-chloride-boric acid bath at a pH 
of 3.5, at 50 C., and at 40 amps. per sq. ft., in the pres 
ence of 0.15 g/l. 3-pentyn-1-ol, 8 to 12 g/l. of benzene 
sodium sulfonate gave slightly brighter nickel deposits 
than did 4 g/l.; and 4 to 12 g./I. of meta-benzene diso 
dium sulfonate gave slightly brighter nickel deposits than 
did 2 g./1. With each of these sulfonates 16 g/l. was 
beyond the optimum, but still satisfactory. 
When a Group B compound is used alone (i. e. not 

in combination with an acetylenic compound), only dull 
or whitish semibright to almost bright nickel deposits are 
obtained. Only when used in combination with an acet 
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ylenic (Group A) compound do the sulfo-oxygen (Group 
B) compounds produce really brilliant nickel deposits. 
Also a leveling (smoothing) action is produced only in 
presence of a Group A (acetylenic) compound. In the 
standard sulfate-chloride-boric acid bath at 50 C. and 
40 amperes per square foot, with air agitation, the rough 
ness values (root mean square values in microinches) 
shown in Table V were obtained with a brush surface 
analyzer on roughened panels before and after plating 
0.001 inch of nickel. 

TABLE V 

Naphthal R. M. S. Walties Napnthalene 

File:SEPTAliol in g.fi. Before After 
Plating Plating 

- - - - - - - - - - - - - - - - - - - 23 28 

4.0 -------- 28 27 
- - - - - - - - - - 0.6 25 6-7 

- - - - - - - - - - 1.2 22 6 

2.0 0. 28 10 
2.0 0.2 28 S 
4.0 0.2 26 6 

If maximum ductility of the nickel deposits is required 
the concentration of Group A compounds should be kept 
at the minimum required to produce the desired degree 
of brilliancy, which is approximately the value given in 
Table I?. For rapid buildup of brightness of relatively 
thin deposits (0.0001 to 0.0005 inch) higher concentrations 
of Group A brighteners (up to e. g. 0.4 or even up to a 
maximum of 1.0 grams per liter) may be used with advan 
tage. 
As mentioned above, the concentration range of Group 

B addition agents is rather wide. There is a certain mini 
mum Group B compound concentration, depending on the 
concentration of the Group A compound, the bath compo 
sition, and operating conditions, below which maximum 
brilliancy is not obtained. Increase in the concentration 
of Group B compound beyond this minimum frequently 
produces more ductile nickel deposits. 
The bath composition itself has some influence on the 

brightening effect of the Group A and Group B addition 
agents. Standard Watts baths containing 330 grams per 
liter sulfate, 45 grams per liter chloride, 37.5 grams per 
liter boric acid and operated at a pH of 3.5, 50° C., and 
40 amperes per Square foot, with air agitation, in which 
25% to 100% of the nickel was replaced by cobalt, showed 
rather increased sensitivity to butynediol, when this Group 
A compound was used alone, but almost no sensitivity 
to naphthalene trisulfonic acid when this Group B com 
pound was used alone or in combination with butynediol. 
Baths high in chloride ion concentration behayed simi 
larly. A bath containing 240 grams per liter of nickel 
chloride and 30 grams per liter of boric acid gave brilliant 
nickel deposits with only 0.4 gram per liter of butynediol. 
Neither sodium naphthalene trisulfonate (2 grams per 
liter) nor para-toluene Sulfonamide (2 grams per liter) 
showed very strong cooperative effects when added to 
such high-chloride bath containing 0.1 to 0.4 gram per 
liter butynediol; but in a bath containing 255 grams per 
liter of nickel sulfate, 90 grams per liter of nickel chloride 
and 37.5 grams per liter boric acid, normal cooperation 
of 2 to 4 grams per liter of naphthalene trisulfonate and 
0.1 gram per liter butynediol, to yield brilliant ductile 
nickel deposits, was observed. 

Brilliant nickel electrodeposits were obtained, in ac 
cordance with the invention, from the baths listed in 
Table VI, which were operated at a pH of 3.5 and at 40 
amperes per square foot, with air agitation. The baths 
of Table VI are merely examples of the ranges of bath 
compositions that have been used successfully, and do 
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not indicate any limit of bath composition which can be comprises electrodepositing nickel from an aqueous acidic 
employed in accordance with the invention: solution of at least one nickel salt in which there is dissolved 

TABLE VI 

Bath concentrations in grams per liter 

Bath 1 Bath 2 I Bath 3 Bath 4 Bath 5 Bath 6 Bath 7 

Nickel sulfate, NiSO4.7H2O.------------------ 240-330 330 330 880 -------------------- 240 
Nickel chloride, NiCl2.62O-...------- 30-45 - 0-37.5 0-87.5 30 
Nickel formate, Ni(OOCH)2.2B2O--------------------------------------------------- -------------------- 45 
Nickel fluoborate, Ni(BFI)2---------------------------------------------------------- !---------- 210 ---------- 
Nickel sulfamate, Ni(O3SNH).-- - 
Sodium chloride, NaCl 
Sodium broInide, NaBr 
Boric acid, HBC 2-Butyne-1,4-diol--- 
1,3,6-Naphthalene trisulfonate 
Temp., C----------------------------------- 

When using a standard Watts bath containing 0.1 from about 0.02 to about 1 gram per liter of a water 
gram per liter of butynediol and 2.0 grams per liter of 2') soluble acetylenic compound selected from the group con 
1,3,6-naphthalene trisulfonate, operated at 50° C. and 40 sisting of acetylene, 2-propyn-1-ol, 3-butyn-1-ol, 2-methyl 
amperes per square foot, the optimum pH value is in the 3-butyn-2-oi, 1-pentyn-3-ol, 3-methyl-1-pentyn-3-ol, 3,5- 
range from 3.0 to 5.0. At a pH of 2.5 the butynediol dimethyl-1-hexyn-3-ol, 3-ethyl-1-heptyn-3-ol, 1-ethynyl 
concentration must be increased (say, to 0.2 to 0.3 gram cyclohexanol, 1-diethylamino-2-propyne, 2-butyne-1,4- 
per liter) in order to produce a deposit of full brightness. 25 diol, 4-methoxy-2-butyn-1-ol, 1,4-dimethoxy-2-butyne, 

in order to obtain pit-free nickel deposits, it is advan- 3-hexyne - 2,5-diol, 4-octyne -3,6-diol, 2,5-dimethyl-3- 
tageous to employ strong air agitation of well-filtered hexyne-2,5-diol, 3,6-dimethyl-4-octyne-3,6-diol, 4-diethyl 
solutions, or alternatively to use iess strong agitation of a amino - 2 - butyl-1-ol, 4 - (N-morpholinyl)-2-butyn-1-ol, 
bath containing a suitable wetting agent, such as up to 3-pentyn-1-ol, 2,4-hexadiyne-1,6-diol, and acetylene di 
0.25 gram per liter of sodium laurylsulfate. 39 carboxylic acid together with about 1 to about 40 grams 

... We claim: per liter of a water-soiube sulfo-oxygen compound se 
1. A process for producing bright nickel deposits lected from the group consisting of sodium vinyl sulfonate, 

which comprises electrodepositing nickel from an aqueous sodium ally sulfonate, benzene monosulfonic acid, sodium 
acidic solution of at least one nickel salt in which there benzene monosulfonate, nickel benzene monosulfonate, 
is dissolved from about 0.2 to about 3 grams per liter of 25 scdium para-toluene monosulfonate, para-chlorobenzene 
an acetylenic compound selected from the group consist- Sulfonic acid, Sodium para-chlorobenzene Sulfonate, So 
ing of 2-butyne-1,4-diol, 4-methoxy-2-butyn-1-ol, 3- diurn para-bromobenzene sulfonate, 1,2-dichiorobenzene 
hexyne-2,5-diol, 4-diethylamino-2-butyn-1-ol, 4-(N-mor- sulfonic acid, 1,2-dichlorobenzene sulfonate sodium salt, 
pholinyl)-2-butyn-1-cl, 3-pentyn-1-ol, 2,4-hexadiyne-1,6- 2,5-dichlorobenzene sulfonate sodium salt, sodium phenyl 
diol, and 1-diethylamino-2-propyne. 40 ethylene sulfonate, neta benzene disulfonic acid, sodium 

2. A process for producing bright nickel deposits meta-banzene disulfonate, nickel meta-benzene disulfo 
which comprises electrodepositing nickel from an aqueous nate, ortho-sulfobenzoic acid monoammenium salt, 
acidic solution of at least one nickel salt in which there 1-amino-2,5-benzene disulfonic acid, ortho-aminobenzene 
is dissolved from about 0.2 to about 3 grams per liter of a suifonic acid, sodium benzene sulfinate, sodium para 
water-soluble acetylenic hydroxy compound having the iofuene Suifinate, benzene sulfonamide, para-toluene sul 
formula - . fonamide, ortho-benzoic sulfimide, benzyl Sulfonamide, 

benzene sulfhydroxamic acid, N,N-dimethyl para-toluene R 
- sulfonamide, N,N dicarboxyethyi benzene sulfonamide, 

CH-C=C-R. 2-naphthalene monosulfonic acid, 1,5-naphthalene disul 
F2 - - fonic acid, 2,7-naphthalene disulfonic acid, 1,5-naphtha 

, 

in which R1 is selected from the group consisting of 
hydroxyl, hydroxymethyl, and hydroxyethyl radicals, R2 
is selected from the group consisting of hydrogen and 
methyl radicals, and R3 is selected from the group con 
sisting of methyl, hydroxymethyl, hydroxyethyl, methoxy- i, , 
methyl, diethyiaminomethyl, morpholinomethyl, and hy 
droxypropyne radicals. 

3. A process for producing bright nickel deposits 
which comprises eiectrodepositing nickel from an aqueous 
acidic solution of at least one nickel salt and containing 
as an addition agent from about 0.3 to about 1.5 grams 
per liter of 2-butyne-1,4-diol. 

4. A process for producing bright nickel deposits which 
comprises electrodepositing nickel from an aqueous acidic 
solution of at ieast one nickel salt in which there is dis 
solved from about 0.02 to 1 gram per liter of a Water 
soluble acetylenic coinpound and from about 4 to about 
80 grains per liter of a water-soluble sulfo-oxygen com 
pound of the group consisting of unsaturated aliphatic 
sulfonic acids, monoinuclear and binuclear aromatic sul 
fonic acids, heterocyclic sulfonic acids, mononuclear aro 
natic sulfinic acids, alkali metal, ammonium, magnesium 
and nickel salts of said acids, and mononuclear aromatic 
sulfonamides and imides. 

5. A process for producing bright nickel deposits which 

lene disulfonic acid rickel salt, 2,7-naphthalene disul 
fonic acid nickel salt, naphthalene trisulfonic acid, naph 
thalene trisulfonic acid trisodium salt, diphenyl pp' di 
Sifonic acid, 2-naphthol-3,6-disulfonic acid, 2-naphthol 
3,6-disulfonic acid sodium salt, 1-naphthylamine 3,6,8- 
trisulfonic acid, thiophene sulfonic acid, sodium thiophene 
sulfonate, and 2-(4-pyridyl) ethyl sulfonic acid. 

6. A process for producing bright nickel deposits which 
comprises electrodepositing nickel fronn an aqueous acidic 
solution of at least one nickel salt in which there is dis 
solved from about 0.1 to about 1 gram per liter of 
2-butyne-1,4-diol and from about 1 to about 40 grams per 
liter of a water-soiuble aromatic sulfonic acid. - 

7. A process for producing bright nickel deposits which 
comprises electrodepositing nickel from an aqueous acidic 
solution of at least one nickel salt in which there is dis 
solved from about 0.1 to about 1 grain per liter of 
2-butyne-1,4-diol and from about 1 to about 40 grams per 
liter of a water-soluble salt selected from the group con 
sisting of alkali metal, ammoniurn, magnesium and nickel 
salts of an aromatic sulfonic acid. 
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