B S

_mechanical solution agitation,

United States Patent Office

2,800,442
Patented July 23, 1957

1

2,800,442
ELECTRODEPOSITION OF NICKEL

Henry Brown, Huntington Woods, Mich,, assignor to The
Udylite Research Corporation, Detroit, Mich., a corpe-
ration of Michigan

No Drawing. Application December 19, 1955,
Serial No. 553,716

16 Claims. (CL 204-—49)

This invention relates to the electrodeposition of fine-
grained Iustrous nickel plate from aqueous acidic nickel
plating baths. More particularly it relates to the use of
certain unsaturated sulfonic acids or their sulfonates in
aqueous acidic nickel baths of the Watts type or its modi-
fications, to obtain fine-grained, lustrous, bright nickel
plate.

We have found that certain unsaturated sulfonic acids
of the class of aryl alkyne and aryl alkynoxy sulfonic acids
(or their sulfonates) as exemplified in Table I, when dis-
solved in the Watts type mickel bath or modifications
thereof, make possible fine-grained plate of very good
luster. These aryl alkyne and aryl alkynoxy sulfonic
compounds can be used with increased effectiveness from
the standpoint of cloud-free brightness, when used in
conjunction with certain other organic sulfon- compounds
as exemplified in Table II, especially in combinations
such as allyl sulfonic acid (2-propene-1-sulfonic acid) or
a butene sulfonic acid together with at least one of the
benzene sulfonic acids, sulfonamides and sulfonimides,
such as benzene mono-, di-, and tri- sulfonic acids, and
the fluoro-, chloro, bromo, iodo-, methyl and aldehydo
(formyl) benzene sulfonic acids, and naphthalene sul-
fonic acids, benzene sulfonamide, toluene sulfonamides,
di-benzene sulfonamides, di-toluene sulfonamides, o-ben-
zoyl sulfimide, etc. These combinations of organic sul-
fon-compounds yield very bright ductile plate, and have
a minimum of sensitivity to harmful effect (poor ad-
hesion, excessive brittleness, cloudiness and mis-plating)
from excess quantities-of these compounds being acci-
dentally added to the baths. Of the compounds set forth
in Table II a preferred group coumsists of the benzene
sulfonic acids, benzene sulfonamides and sulfonimides
(o-benzoyl sulfimide), and di-benzene sulfonamides and
sulfonimides and the halogen, methyl, aldehydo (formyl)
derivatives thereof and beta unsaturated alkene sulfonic
acids having 4-2 carbon atoms.

To prevent pitting from the adhesion ‘of hydrogen gas
bubbles to the cathode during plating, certain suitable

_surface-active agents such as sodium lauryl glycol ether

sulfate, or sodium lauryl sulfate can be used, or air or
‘When ‘air agitation is
employed, the use of about 0.3 to 1.5 gram per liter of
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allyl sulfonic acid for prevention of hydrogen gas pitting
of the cathode, without the use of a surface-active agent,
is very advantageous, niot only from the standpoint of ifs
de-polarizing action but also because it greatly improves
the brilliance of the plate, with air agitation. As an
added safe-guard when air agitation is used for the pre-
vention of hydrogen gas pitting of the cathode or gas
pitting resulting from dissolved air depositing or sticking
to the cathode in fine bubbles, a shorter chain (about
6-8 carbon atoms) anionic surface-active agent may be
used such as sodium 2-ethyl hexyl sulfate (“Tergitol 08”)
or sodium n-heptyl or n-octyl sulfonic acid (or mix-
tures). These shorter chain anionic surface-active agents
do not cause over-foaming with air agitation. The con-
centrations may be from 0.1 to 3 grams per liter. The
faster the agitation of the solution or of the cathode,
the less the concentration of the compounds of Table I
that need to be employed to obtain high brilliance, also
the brighter the plate at a given ductility. At the higher
temperatures of the bath, the less the concentration of
the compounds of Table I that need to be used to obtain
bright plate at rapid rates of solution agitation.

With the use of the aryl alkyne and aryl alkynoxy sul-
fonic acids of this invention in concentrations of about
0.005 to about 0.6 gram per liter with or without allyl
sulfonic acid (sodium or nickel salt) 0.5 to 1 gram/liter
and 0.1 to 1 gram/liter of o-benzoyl sulfimide in the
Waits type mickel bath, a minimom of pitting is en-
countered without the use of surface-active agents and
without the use of strong stirring or agitation of the
solution, which is very unlike the acetylenic alcohols and
glycols, such as 1,4 butyne diol which causes pitting with-
out the use of surface-active agents or strong air agita-
tion. In these baths all the organic addition agents be-
ing sulfonic acids aré strongly anionic, also they are not
of an oily nature and the tendency for pitting is, there-
fore, minimized, the tendency for poor adhesion is mini-
mized, the tendency for brittleness is minimized, and the
tendency for cloudy plate from break-down products is
minimized. The aryl alkyne and aryl alkynoxy sulfonic
acids of this invention can be removed from the baths
with activated carbon. If the aryl group is linked to the
aliphatic carbon chain by a nitrogen linkage, for example,

H
HCEC—OHQNQSO:;H

then thé compound has little value as a brightener in the
nickel baths.

In Table I and Table II below there are listed various
examples to illustrate preferred addition agents (all or-
ganic sulfon-compounds) to give bright ductile nickel
plate .over .a wide cathode current density range, when
used in combinations selected from both Tables T and
IL. The lower concentrations of addition agents are suit-
able to be used with the more rapid solution agitation and
the higher bath temperatures.

TABLE I

Useful

Conc.,
grams/liter
(o HC‘:‘C—CHzOQSOsH 0.01-0, 15
@) HOsS-@—O cm—czd—cmo@sozﬁ 0.01-1
@) Ho—cm—-osc—cmonoaH 0.01-0.7
@ HO=C—0 (CHs)zOQSOsH 0.01-0. 15
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HO=C—-CH—-O0 CZHASOBH

TABLE I—Continued
Useful
Conc.,

grams/liter

- <:>—C—-—C—CH:SOaE 0.1-4.0

O~ C>—c—=-c—cmo C:ES04H 0.03-1.2

?sz
() HCEC—(ID—O<:>—SOaH 0.01-0.2
CHg
®)—mm- Q 0.005-0.2
HC=C—CH—0CH:;S0:H

©)ereee O 0.005-0.2
HC=C—CH—O0C:HSOsH

a0 —. O 0.005-0.2

HC=C—CH—0 C3sH,0 C:H;S0:H
an_.. Q 0.005-0.2
HC=C—CH—-0C;H:80:H
a2). .. Q 0.005-0.2
(HC=C—CH—0)—~CiH:S0:H

3 Q 0.005-0.2
HC=C—CH—0CH:S0:H

a9 Q 0.005-0.3
HC=C—CH—0C:HSO:H

a5 Q 0.005-0.2
H-O CanS OxH

8)—.] O 0.005-0.2

- HC=C—-CH-0 C;Hi80:H =
. OCH;
Qan--- 0,005-0,2

t v
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TABLH I—Continued
Useful
Cone.,
grams/liter
(18).-.... 0.005-0.2
HC=C—C—00H:80;:H
JH;
(19) ... 0.005-0. 2
HOH:C—C=C~CH~0CHSO:H
(20)..-- 0,01-0.8
HC=
21).... 0. 005-0. 2
HC=C—C—0C;H80:H
(22).. 0.005-0,2
HCEC—-(IJ—O CiH;80sH
Cl
(23).._. Q 0.005-0. 2
HCEC—?—O C2H480:H
CH;
Br
24).... Q 0.005-0. 2
HC=C~C—0C;H,80;H
]
CH;
@5)..... Q 0.01-0.4
HO—CH-—C=C—CH—0C;H:80:H
(26)..... 0.01-0.8
HO:8—CiH(0—CH—C=C—CH—0 C;H80sH
[0:2rp N ‘0, 005-0. 2
HC=C~CH30 iS0H -7
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TABLE I—Continued

- T owid
Cong.,
grams/liter
(€8) HCEC-CH;O-OQ—SO:H 0.005-0.2
(20)-.- -0.005-0.2
HC=C—CH—0C;H;80:H
(80)—-- 0.005-0.2
HC=0—C—0C:HEB0:H
CH;y
@1).-.... 0,01-0.4
HO— ' —0=0—¢ —0C:H80:H
CHs CH;
(32)—~-- 0.01-0.6
H0:8~-C:Hi0—C—C= —("J—-O C.H80:H
: éH, CH;
39— O Q 0.01-0.4
Ho—c—csc—clr—o C:HSOH
(30— Q Q 0.010.6
HO;8—CH/0— | —0=C—C—0C;Hi80sH
(35) - HC=C—CH10 CH,—@—S 0:H 0.005-0, 16
(30)-v HO=0—CH;:0 c,m—@—soa 0.005-0.15
CH;
@n-.. Hcsc—tl:—o ca,-@—sogn 0.006-0.2
éHs o
(38) ... HO—CH;—C=C—CH:0 CH,—C>—SO;H 0.005-0,4
(39) e 0.01-0,8

HO0:8—C:H(0C:Hi0—C—C= —é;—OCﬂiAOC:HASOAH -

bay

. i
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TABLE I--Continted
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Useful
Conc.,
grams/liter
(40)..... 0. 01-0,4
HO— —'CEC—(IJ—oczH4o'czH4soaH
‘CH;
@n).... ] 0.01-2
SO0:H 80:H
HO—C——CZ0—(0—0H
éHa éHa
42).... 0.01-2
SOsH
Hcsc—i—OH
“3)... HOzS—'D—O—CéE;OCHﬂ'—-‘\CEC'-C‘HzOCiH;—O@—S"OéH 0.01-0.8

TABLE 11

. s . |Optimum

Sulfur-Containing Brighteners Cone.,

‘ grams/

liter

Benzene sulfonamide_...._.___.___________ 0.1-3
Toluene sulfonamides (o- and j - 0.1-2
o-Benzoyl sulfimide_____.____._ p 0.1-2
-| N-Benzoyl benzene sulfonimide. N 0.1-1
p-Toluene sulforichloramide_ ... ... - 0.1-1
D-Brom benzene sulfonamide - 0.1-1
6-Chlor o-benzoyl sulfimide. . 0.1-1
m-Aldehydo benzene sulfonam: 0.1-1
Sulfornethyl benzene sulfonamide. 0.1-6
Benzene sulfonamide m-carboxylic amide. . 0.1-3
7-Aldehydo o-benzoyl sulfimide. . _.__.__ 0.1-3
N-acetyl benzene sulfonimide_ ____ - 0.1-2
Methoxy benzene sulfonamides.____ - 0.1-1
Hydroxymethyl-benzene sulfonamide. - 0.1-2

Allyl sulfonamide.._____...______._____.-"7"""
Benzene sulfonicacids (ruono-, di-, and tri-) ..
D-Brom benzene sulfonicacid.___________ . -
Benzaldehyde sulfonie acids (0,m,p) .
Diphenyl sulfone sulfonic acid ——
Naphthalene sulfonie acids (mono-,di-, and tri-)_ ...
Benzene sulfohydroxamic acid
p-Chlor benzerie sulfonic acid._ . _
Diphenyl sulfonic acid___
m-Diphenyl benzene sulfonic acid_
2-Chloro-5-sulfobenzaldehyde...._
m-Benzene disulfonamide. ...
Allyl sulfonie acid -
Dichlorobenzene sulfonic acids. ___
-Di-benzene sulfonimide._.___-__
Di-toluene sulfonimide.. -
2-Butyne-1,4-disulfonic acid_...-._
4-Hydroxy-2-butyne-1-sulfonic acid__
2-Butyne-1-sulfonic acid - 0.
3-Chloro-2:propyne-1-sulfonic acid_--_.__ ... Cmdeniian
2-Butene-1,4-disulfonic acid... iz

2-Chloro butene-4-sulfonic acid_ -~ ... .-
2-Chloro propene sulfonic acid : :
Cinnamyl sulfonic acid .
3-Phenyl-2-propyne-1:sulfonic acid - ..
1-(2-sulfophenyl) 2-propym i-ol.. ...

The exaniples given below illustrate typical bath ‘com-
positions and conditions of operation 'to accomplish the
objectives ‘of this invention, but ‘are ‘not intended to limit
the invention to the specific materials, the quantities there-
of or the conditions set forth therein,

The cathode current densities to be used ‘average from
about ‘10 to 200 ‘amps./sq. ft. -depending ‘mainly “on the

35 temperature, degree of solution agitation, and the com-
position of the bath. Higher temperature and higher

agitation permits higher current densities to be wused
‘satisfactorily.
: - -Example 1 ]

40 - Grams/liter
NISO46HE0 A« v ezt oo -150=300
NiClz2.6H20 ——— : 30-60
H3BO3 S e : 30-40
Phenyl propynoxy ethane sulfonic acid (Bxam-

45 ple9, TableI).__.... e dua e wan e C0,008-0.2
-Allyl‘sulfonic-acide . onerps common I Y I |
o-Benzoyl sulfimide.. - 012
pH—2.5 to 4.5.

Temperature, 45° C. to 75°C.
50 ‘Example 2
Grams/liter
_______________________________ 25-300
______________________________ 20030
v "‘—___--"————"_"‘_—_,_"——"__"_"— ————————— 30—40
3-phenyl-2-propyne-1-sulfonic-acid
C—CH2S0:H) ... 0.1-3
N-Allyl quinaldinium bromide-.______..______ 0-0.03
PH—2.5 to 4.5,
Temperature, 45° C. to 80° C. (113°~176° F.)
Example 3
-Grams/liter
NiSO2.6H20: oo — 50-300
NiCl2.6H20= - —— 200-30
HsBOs.__ . . . 30-50
NaBFs_.__... —w 0-3
Phenyl butynoxy ethane sulfonic scid (Exam-

70 ple 21, Table I)-_ ~ 0.005-0.2
Allyl sulfonic-acid (CHs>=CH---CH2S03H) __ 0.3-1
-0-Benzoyl sulfimide 0.7-3
-Benzene sulfonic -acid 2-8

PH~2.5 to-4.8.

76 ‘Temperature;45° C, to 75° C.
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Example 4
Grams/liter
NiS0:.6H20_ 25-300
NiCl2.6H20- - _— S 225-30
H3BO: — 30-45
2-butynoxy-1,4-di(phenyl sulfonic) acid (Exam-

ple 2, Table I) e e .03-0.3
Allyl sulfonic acid-_ 0.3-1
o-Benzoyl sulfimide 0.7-3
pH—2.5 to 4.8.

Temperature, 45° C. to 75° C.
Example 5
Grams/liter
NiSO4.6H20_ 150~300
NiClz.6H20 30-60
H3;BOs 30-40
Propynoxy phenyl sulfonic acid (Example 1,

Table I) _— 0.005-0.15
Allyl sulfonic acid 0.1-1
Benzene sulfonic acid —— 4-6
o-Benzoyl sulfimide__ 0.05-0.3
pH—2.5 to 4.5. )

Temperature, 45° C. to 80° C.
Example 6
Grams/liter
NiSO:.6H20 150-300
NiClz.6H20 30-80
H3BO3 30-40
3,6-di-phenyl hexyn-1,6-di-oxyethane sulfonic

acid (Example 32, Table I) ccec o 0.01-0.6
Allyl sulfonic acid 0.4-1.5
o-Benzoyl sulfimide 0.1-0.5
pH—2.5to 4.8. ,

“Temperature, 45° C. to 80° C.
Example 7 o
.- Grams/liter
NiSO4.6H20 25-300
NiCl2.6H20 225-30
H3BOs 30-45
Propynoxy methyl phenyl sulfonic acid (Ex- =~
ample 35, Table I) .0.005-0.15
Allyl sulfonic acid 0.1-1
o-Sulfobenzaldehyde (Formyl benzenme sul- . °

fonic acid) . 0.05-5
o-Benzoyl sulfimide 0.8-3
pH-—2.5 to 4.8.

Temperature, 45° C. to 80° C.
Example 8
Grams/liter
NiSOs.6H20 200-300
NiCl2.6H20 30-80
H3BO3 oo ! - 3045
2-sulfophenyl propyinol (Example 42, Table I) - 0.1-2
_Allyl sulfonic acid 0-1
o-Benzoyl sulfimide N 0-2
pH—2.5 to 4.8. -
Temperature, 45° C. to 80° C.
Example 9 v
S Grams/liter
-NiSQs.6H20 150-300
NiCla.6H20 30-60
H3BOs3 _—. _— e 3040
Propynoxy phenyl sulfonic acid (Example 1, S
Table I)_—-- . e 0.005-0.15
‘ cor . R
-Propynoxy phenyl disulfonic acid (Example - :
© -2, Table I) . ~ 0.01-0.4
Allyl quinaldinium bromide ~— 0.005-0.02
- Allyl sulfonic acid e 011
o-Benzoyl sulfimide - 03-3
Benzene sulfonamide -, 033

Instead - of -nickel. baths made up predominantly of
npickel sulfate and nickel chloride or mixtures of these
salts, nickel fluoborate and nickel sulfamate may be used
in whole or in part. Instead of boric acid, other buffers
such as nickel formate, succinate, citrate, etc., may be
used, though in general boric acid is the preferred buffer
as it allows the best leveling action. The best pH values
for the baths are about 2.5 to 5.0, though pH values from
26 at least, may be used. The bath temperatures may
be from room to boiling, though in general the most
convenient temperatures of operation are from about
120° F. to 170° F. Ammonium ions make the plate less
ductile, but sodium, lithium, potassium or magnesium
jons are not nearly as critical. The bromide ion may be
present in high concentrations, but not the iodide ion as
the latter in excessive concentration may cause a loss of
cathode efficiency (from the free iodine formed by anodic
oxidation of the iodide ion). Ferrous salts or cobalt
salts or mixtures up to at least a concentration of forty
grams per liter as sulphates, chlorides or fluoborates may
be present in the nickel bath, and vield nickel alloy plates
containing as low as about sixty percent nickel and still
the plate obtained is bright and ductile.

The sulfonic acid compounds may be added to the nick-
el baths as such or as the sulfonate salts, such as the nickel,
cobalt, sodium, potassium, magnesium, ferrous, etc., salts.
In the baths they are present predominantly as ionized
nickel salts and acids.

The preferred aryl alkyne and aryl alkynoxy sulfonic
acids of this invention are those with one or two phenyl
groups from the standpoint of efficacy in the nickel baths.
In the case of the compounds with alkane sulfonic groups,
if the alkane radical of the alkame sulfonic group is
larger than —CeHiz—, then weak surface-active proper-
ties (anionic surface-active agent) start to manifest them-
selves, and the compounds are not quite as effective as
brightening agents as with the smaller chain members.
Thus, the preferred number of aliphatic carbon atoms are
from 3 to 14 carbon atoms inclusive.

Certain of the aryl alkyne sulfonic acids of this in-

vention can be used alonme as illustrated in Example 2,

in the acidic nickel plating baths such as the Watts type
to give full bright nickel plate. This is not only true for
3-phenyl-2-propyne-1-sulfonic acid (or its sodium, nickel,
etc. salt), but also true of 1-(2-sulfophenyl)-2-propyn-
1-0l, and 2-(6-sulfophenyl) butyn-2-ol

S01H
(HO=C— I —OH)
CH:

Additionally the aryl alkyne and aryl alkynoxy sulfonic
acids of this invention can be used satisfactorily in con-
junction with small concentrations of not only allyl quin-
aldinium bromide but other examples of auxiliary bright-
eners disclosed in my Patents Numbers 2,647,866 and
2,648,628.

This is a continuation-in-part of application Serial No.
538,527, filed October 4, 1955.

What is claimed is: .

1.. A bath for electrodepositing lustrous fine-grained
nickel comprising an aqueous acidic solution of at least
one nickel salt selected from the group consisting of nickel
sulfate, nickel chloride, nickel fluoborate and nickel sul-
famate, said bath also containing dissolved therein an un-
saturated sulfonic acid having 3-14 aliphatic carbon atoms
inclusive selected from the class consisting of aryl alkyne
sulfonic acids-and alkyne aryl sulfonic acids containing
one to two aryl groups selected from the class consisting

.of phenyl, biphenyl, and naphthy] groups, the aryl alkyne

radical of said sulfonic acid consisting of atoms selected

from the group consisting of carbon, hydrogen, oxygen,
chlorine and bromine and said aryl alkyne radical being
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-alkanoxy alkynes,

13 :
selected from the group of radicals consisting of unsub-
stituted aryl alkynes, alkanoxy-aryl alkynes, chlorine sub-
stituted aryl alkanoxy -alkynes, -bromine substituted aryl
alkanoxy alkynes, methoxy substituted aryl alkanoxy
alkynes, and alkanoxy aryl hydroxy substituted alkynes,
said sulfonic acid compounds being dissolved in the baths
in a concentration of about .005 to about 4 grams/liter.

2. A bath for electrodepositing lustrous fine-grained
nickel comprising an aqueous acidic solution of at least
one nickel salt selected from the group consisting of nickel
sulfate, nickel chloride, nickel fluoborate and nickel sul-
famate, said bath also containing dissolved therein an un-
saturated sulfonic acid'having 3—14aliphatic carbon atoms
inclusive selected from the class consisting of ‘aryl alkyne
sulfonic acids and alkyne ‘aiyl sulfonic acids containing
one to two aryl groups selected from the class consisting
of phenyl, biphenyl, and: naphthyl ‘groups, the aryl alkyne
radical of said sulfonic acid consisting of atoms selected

from the group-consisting ‘of carbon, hydrogen, ‘oxygen,

chlorine ‘and ‘bromine- and said aryl alkyne radical being
selected from the group of radicals consisting of unsub-
stituted aryl alkynes, alkanoxy aryl-alkynes, chlorine sub-
stituted aryl alkanoxy alkynes, bromiine substituted aryl
methoxy substituted aryl -alkanoxy
alkynes, -and “dlkanoxy aryl hydroxy substituted alkynes,
said sulfonic acid compounds being dissolved in the baths
in a concentration of about 0.005 gram/liter to 0.8
gram/liter, and about 0.1 gram/liter to saturation of at
Ieast one organic sulfon-compound selected from the class

consisting of benzene, diphenyl and naphthalene sulfonic 3

acids, benzene sulfonamides and sulfonimides and di-
benzene sulfonamides and sulfonimides and the halogen,
methyl, aldehydo derivatives of said sulfonic acids, sul-
fonamides and sulfonimides, and beta unsaturated alkene
sulfonic acids having 4 to 2 carbon atoms.

3. A bath in accordance with claim 1 wherein said
unsaturated sulfonic acid is phenyl propynoxy ethane
sulfonic acid

(HO=C—CH—0 C:HiS0;H)

and is present in said bath in a concentration of about
0.005 to 0.2 gram/liter.

4. A bath in accordance with claim 1 wherein said
unsaturated sulfonic acid is propynoxy pheny! sulfonic

acid
(HC=C—CH;0¢ }SOaH)

and said acid is present in a concentration of about 0.005
to 0.3 gram/liter,

5. A bath in accordance with claim 1 wherein said 5

unsaturated sulfonic acid is 2-butyn-1,4,di(oxyphenyl sul-
fonic) acid

(HOaSQO CH2~OEC—OH20®-SO.~,H)

and said acid is present in said bath in a concentration of
about 0.005 to 0.4 gram/liter.

6. A bath in accordance with claim 2 wherein said
unsaturated sulfonic acid is phenyl butynoxy sulfonijc acid

(HCEC-(,}—O C:H(50,H)
' CHz

and said acid is present in an amount of about 0.005
to 0.2 gram/liter.
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7. A bath in accordance with claim 2 wherein said un-
saturated sulfonic acid is 2-sulfopheny! butynol

——80sH

(HO=0~ , —OH)
CH;

and said acid is present in an amount of about 0.01 to
0.8 gram/liter.

8. A method for electrodepositing lustrous fine-grained
nickel ‘which - comprises electrolyzing an aqueous acidic
-solution comprising at least one nickel salt selected from
the group consisting of nickel sulfate, nickel chloride,
nickel fluoborate and nickel sulfamate, said bath also
containing dissolved therein an unsaturated sulfonic acid
having 3-14 aliphatic carbon atoms inclusive selected
from the class consisting of aryl alkyne sulfonic acids
and alkyne aryl sulfonic acids containing 1 to 2 aryl
groups selected from the class consisting of phenyl, bi-
phenyl and naphthyl groups, the aryl alkyne radical of
said sulfonic acid consisting of atoms selected from the
group consisting of carbon, hydrogen, oxygen, chlorine
and bromine and said aryl alkyre radical being selected
from the group of radicals consisting of unsubstituted
aryl alkynes, alkanoxy aryl alkynes, chlorine substituted
aryl alkanoxy alkynes, bromine substituted aryl alkanoxy
alkynes, methoxy substituted aryl alkanoxy alkynes, and
alkanoxy aryl hydroxy substituted alkynes, said sulfonic
acid compounds being dissolved in the baths in 2 con-
centration of about 0.005 gram/liter tc about 4 grams/
liter.

S. A method for electrodepositing fine-grained nickel
which comprises electrolyzing an aqueous acidic solution
comprising at least one nickel salt selected from the
group consisting of nickel sulfate, nickel chloride, nickel
fluoborate, and nickel sulfamate, said bath also containing
dissolved therein an unmsaturated sulfonic acid having
3-14 aliphatic carbon atoms inclusive selected from the
class consisting of aryl alkyne sulfonic acids and alkyne
aryl sulfonic acids containing 1 to 2 aryl groups selected
from the class consisting of phenyl, biphenyl and naphthyl
groups, the aryl alkyne radical of said suifenic acid con-
sisting of atoms selected from the group consisting
of carbon, hydrogen, oxygen, chlorine and bromine and
said aryl alkyne radical being selected from the group of
radicals consisting of unsubstituted aryl alkynes, alkanoxy
aryl alkynes, chlorine substituted aryl alkanoxy alkynes,
bromine substituted aryl alkanoxy alkynes, methoxy sub-
stituted aryl alkanoxy alkynes, and alkanoxy aryl hydroxy
substituted alkynes, said sulfonic acid compounds being
dissclved in the baths in a concentration of about 0.005
gram/liter to 0.8 gram/liter and about 0.1 gram/liter to
saturation of at least one organic sulfon-compound selected
from the class cousisting of benzene, diphenyl and naph-
thalene sulfonic acids, benzene sulfonamides and sulfoni-
mides and dibenzene sulfonamides and sulfonimides and
the halogen, methyl, aldehydo derivatives of said sul-
fonic acids, sulfonamides, and sulfonimides, and beta un-
saturated alkene sulfonic acids having 4 to 2 carbon
atoms.

10. A method in accordance with claim 8 wherein said
unsaturated sulfonic acid is phenyl propynoxy ethane
sulfonic acid

(HC=C—CH—~0C:HS 0;H)

and said acid is present in a concentration of about 0.005
to 0.2 gram/liter.

11. A method in accordance with claim 8 wherein



2,800,442

15

said. unsaturated sulfonic .acid is
fonic acid S .

(HCEC——CH:O@-SO;H)

and said acid is present in a concentration of about
0.005-0.3 gram/liter.

12. A method in accordance with claim 8 wherein
said unsaturated sulfonic acid is 2-butyn-14, di(oxy-
phenyl sulfonic) acid

] (HOaSQO cm—c:o—omo@-sogm

and said acid is present in said bath in a concentration of
about 0.005 to 0.4 gram/liter.

13. A method in accordance with claim 9 wherein
said unsaturated sulfonic acid is phenyl butynoxy sulfonic
acid. ‘

propynoxy phenyl sul-

(HC=0—C—0 CsHSOsH)
H;

@

10

25

16
and said acid is present in a concentration of 0.005 to
0.2 gram/liter,
14, A method in accordance with claim 9 wherein said
unsaturated sulfonic acid is 2-sulfophenyl butynol

U ——80:H

(HC=C—C—O0H)

|
CH;s

and said acid is present in an amount of about 0.01 to
0.8 gram/liter. -

15. A bath in accordance with claim 1 containing dis-
solved therein an anionic surface-active agent having 6-8

saturated aliphatic carbon atoms and selected from the 1
group consisting of sulfates and-sulfonates. !
16. A .method in accordance with claim 8 wherein air
agitation is. employed during the electrodeposition. P
1 .
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