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This invention relates to electrodeposition of nickel
and more especially to the provision of a novel process
and solution for electrodeposition of nickel principally
characterized in that a novel combination of addition
agents is employed for production of bright and ductile
deposits, the same being fully bright as taken from the
electroplating - solution without buffing or other. treat-
ment for bringing up the brightness. )

I have now discovered that by the use of polyethylene
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glycols of high molecular weight in combination with an

auxiliary brightener of the aromatic sulfonate type, very
excellent, smooth, bright and ductile deposits of nickel
are cbtained.

So far as I am aware, it has never been realized prior

to my inventiod that polyethylene glycols of high molec--

ular weight are useful as brightening addition agents in
nickel plating. These compounds, being known as wet-
ting agents were tested as anti-pit agents in acid nickel
plating and found to be effective to prevent pitting only
at such high concentrations as to produce excessive
brittleness. I have discovered, however, that when these
compounds are used in lower concentrations suitable for
producing bright and ductile nickel deposits in coopera-
tion with compounds of the aromatic sulfonate type, and
anti-pit agents of the alcohol sulfate type are employed,
the deposits are superior in both brightness and freedom
from pitting.

The class of addition agents above referred to as aro-
matic sulfonate type compounds may be defined as com-
pounds of the form ArSOz—, where Ar represents an
aromatic radical having not less than 6 nor more than 10
carbon atoms in the arcmatic nucleus, such compound
being soluble in the plating solution to the extent of at
least 0.2 gram per liter. The free valence may be satis-
fied by various groups, for example OH, and NH—, or
OM where M can be for example sodium, potassium,
nickel, iron, or cobalt. The NH— group may be NHjz
or NHSOzAr, Ar having the same significance as before,
The aromatic radicals represented by Ar in the above
formula may be benzene or naphthalene radicals unsub-
stituted, or part of the hydrogen may be replaced by sub-
stituents such as chlorine, bromine; methyl, and ethyl
radicals, etc. ) ) .

Specific examples are set forth in Table 1.

TABLE I

1. Naphthalene 1,5-disulfonic acid

2. Naphthalene 2,7-disulfonic acid

3. Diphenyl sulfone disulfonic acids

4. Benzaldehyde monosulfonic acids

5. Benzene monosulfonic acids

6. Toluene monocsulfonamide

7. Ortho benzosulfimide, sodium salt

8. Nickel naphthalene disulfonic acids

9. Dibenzene sulfonamide (PhSo2NHSOz2Ph)
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11. CsHsSO2NHSO2CeHCsH4SOsNHSO2CeHs (double
dibenzene sulfonamide) . »

12. CeHsSO2NHSO2CeHOCsHSO2NHSO2CeH; (diben-
zene sulfonamide ether)

The class of compounds referred to above as the high
molecular weight polyethylene glycols may be defined
as polymeric compounds predominantly composed of the
group CHaCH20, preferably compounds of the form
R(CH2CH20)»H, where n'is an integer from 10 to 100
and R is a radical selected from the class consisting of
radicals of the form R’O and R'NH, where R’ is selected
from the class consisting of hydrogen, alkyl radicals hav-
ing from 1 to 20 carbon atoms, and aryl radicals having
irom 1 to 20 carbon atoms. In these compounds, re-
placeable hydrogen may be replaced by alkyl groups hav-
ing from 1-5 carbon atoms, to the extent of 20% or less
of the number of replaceable hydrogens.  Such com-
pounds must be soluble in the bath to the extent of at
least .001 gram per liter and preferably are of molecular
weight from 1000 to 6000. From 1% to 50% of the
CHaCH20 groups. may be replaced by CH2CH:CH:0
groups.

Examples are set forth in Table II:

. "TABLE Il

Polyethylene glycol,’ molecular weight 1000
Polyethylene glycol, molecuiar weight 500
PhO(CH2CH20)xH, n being an integer from 10 to 100
PhNH(CH2CH20)xH, n being an integer from 10 to 100

Compounds like the foregoing examples where from 1

10°50% of the CH2CH20 groups are replaced by
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0. CsHsSO2NHSO:2CsH4S02NHSO2CsH; «(bi: dibenzene 70

sulfonamide)

CH>CH2CH:0

groups.

The addition agents referred to above as alcohol sul-
fates may be defined as the normal, primary, aliphatic,.al-
cohol sulfates having from 8 to 18 carbon atoms in the
molecules, for example:

1. Sodium lauryl sulfate. :

2. A ‘mixture of normal, primary, aliphatic, ‘alcohol
sulfates derived from cocoanut oil and containing ap-
proximately 45% sodium lauryl sulfate, the balance sub-
stantially the sodium alcohol sulfates of higher and lower
aliphatic alcohols having from 8 to. 18 carbon atoms.

The ‘above: described -addition agents may be used in
nickel plating solutions of -the nickel sulfate, nickel
chloride, and mixed nickel sulfate-nickel chloride types.
The basic solutions, according to the present invention,
are as follows: ‘ ’

- All sulfate

NiSO#7Hz20: 100 to 400 gms., preferably 200 to 300
gms. N . : - .

Boric acid: 0 to 6 gms., preferably 10 to 40 gms.

Wetting agent of ‘the lauryl sulfate type: 0 to. 0.5 gm.,
preferably 0,05 to 0.2 gm. L

Brightener of the aromatic sulfonate type: 0.2 gm. to
saturation, preferably 0.5 to 15 gms, L

Brightening agent of the polyethylene glycol type:. .001
to .05 gm., preferably 0.002 to .03 gm,

H20 to make 1000 cc T

- All chloride -

NiClz.6H20: 50 to 250 gms., preferably 100 to 200 gms.
Boric acid: 0 to 60 gms., preferably 16 to 40 gms.
Wetting agent of the lauryl sulfate type: 0 to 0.5 gm.,

preferably 0.05 to 0.2, gm. R ’
Brightener of the aromatic sulfonate type: 0.2 gm. to

saturation, preferably 0.5 t0 15 gms. :
Brightener' of the polyéthylene glycol type: .001 to .05

gm., preferably 0:002 to 0.03 gm. ’ R
H20 to make 1000 cc.
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Sulfate-chloride (Watts type) said solution also containing cooperating addition agents

. capable of imparting brightness to the deposit, one of said
NiSO47H20: 100 to 400 gms., preferably 200 to 300 addition agents being a compound of the form ArSOz—,

gms. « where Ar represents an aromatic radical containing not
NiCla,6H:20: 10 to 60 gms., preferably 25 to 40 gms. 5 less than 6 nor more than 10 carbon atoms in the aro-
Boric acid: 0 to 50 gms., preferably 15 to 40 gms. matic nucleus, such compound being dissolved in said
Wetting agent of the lam"yl sulfate type: 0 to 0.5 gm.,, solution to the extent of from 0.2 to 15 grams per liter
preferably 0.05 to 0.2 gm. and the other of said addition agents being a compound
Brightener of .the aromatic sulfonate type: 0.2 gm. to - of the form RO(CH2CH20)x:H, where n is an interger
saturation, preferably 0.5 to 15 gms. 10 from 10 to 100 and R is an alkyl radical having from
Brightener of the polyethylene glycol type: .001 to .05 1 to 20 carbon atoms, said last mentioned addition agent
gm., preferably 0.002 to 0.003 gm. being dissolved in said solution to the extent of from
Hz0 to make 1000 cc. 0.001 to 0.05 gram per liter.
The following table indicates specific. compositions 4. A method of electrodepositing nickel in the form of
suitable for use in the practice of the invention: 15 a deposit which is bright as taken from the plating solu-

Nickel sulfate heptahydrate. ... 250 | 250 | 250 | 2501 250 | 250 | 250 250
Nickel chloride hexahydrate 40 40 40 40 40 40 40 40
Boricaeld. ... ... 40 40 40 40 40 40 40 40
Sodium Iauryl sulfate..._.__... 01} 01 01} 61] 01} 0.1 0.1 0.1
Naphthalene 1,5-disulfonic acid..oo_| 1.0 |ooaojomcoo]omams 4 70 PR U
Saccharine, P T LA SR 0.5 focmee]oacm oo 10 foooofeiancn
Dibenzene sulfonamide ..o oo fiaemaaiacaaan 1.0 |eccaacommmmnfemmemn 1.5 |eumoee
Bi-dibenzene sulfonamide -
HO(CHsCHaO)aoH ..

PhO(CH:CHz0O)20H

HO(CHCH20)a0H -

PANH(CH:CH20)20H. .-

tion without further treatment, which method comprises
electrolyzing an aqueous acid solution of a nickel electro-

Having thus described the invention, what is claimed is:
1. A method of electredepositing nickel in the form of

a deposit which is bright as taken from the plating solu- lyte of the class consisting of nickel sulfate, nickel chlo-
tion without further treatment, which method comprises ride, and mixtures of nickel sulfate with nickel chioride,
electrolyzing an aqueous acid solution of a nickel electro- “said solution also containing cocperating addition agents

Iyte of the class consisting of nickel sulfate, nickel chlo- capable of imparting brightness to the deposit, one of

ride, and mixtures of nickel sulfate with nickel chloride, 35 said addition agents being a compound of the form
said solution also containing cooperating addition agents ArSO2—, where Ar represents an aromatic radical con-
capable of imparting brightness to the deposit, one of said taining not less than 6 nor more than 10 carbon atoms
addition agents being a compound of the form ArSOz—, in the aromatic nucleus, such compound being dissolved

where Ar represents an aromatic radical containing not
less than 6 nor more than 10 carbon atoms in the aromatic

in said solution to the extent of from 0.2 to 15 grams

40 per liter and the other of said addition agents being a

nucleus, such compound being dissolved in said solution compound of the form RO(CH2CH:20)sH, where n is
to the extent of at least 0.2 gram per liter and the other an integer from 10 to 100 and R is an aryl radical having
of said agents being a compound of the form from 1 to 20 carbon atoms, said last mentioned agent

R(CHzCHzO)nH where »n is an integer from 10 to 100 being dissolved in said solution to the extent of from
and R is a radical selected from the class con31st1ng of 45 0.001 to 0.05 gram per liter.

radicals of the form RO and R’NH where R’ is selected . 3. A method of electrodepositing nickel in the form
from the class consisting of hydrogen, alkyl radicals of a deposit which is bright as taken from the plating
having ‘from 1 to 20 carbon atoms, and aryl radicals solution without further treatment, which method com-
having from 1 to 20 carbon atoms, said last mentioned - prises electrolyzing an aqueous acid solution of a nickel
addition agent being dissolved in said solution to the 50 electrolyte of the class comsisting of nickel sulfate, nickel
extent of from 0.001 to 0.05 gram per liter. chloride, and mixtures of nickel sulfate with nickel

2. A method of electrodepositing nickel in the form of chloride, said solution also containing cooperating addi-
a deposit which is bright as taken from the plating solu- tion agents capable of imparting brightness to the deposit,
tion without further treatment, which method comprises one of said addition agents being a compound of the
electrolyzing an aqueous acid solution of a nickel electro- 55 form ArS8Oz—, where Ar represents an aromatic radical
iyte of the class consisting of nickel sulfate, nickel containing not less than 6 nor more than 10 carbon atoms
chloride, and mixture of nickel sulfate with nickel chlo- in the aromatic nucleus, such compound being dissolved
ride, said solution also containing cooperating addition in said solution to the extent of from 0.2 to 15 grams per
agents capable of imparting brightness- to the deposit, . liter and the other of said addition agents being a com-
one of said addition agents being a compound of the form 60 pound of the form R{CHaCH:20):H, where n is an
ArSO2—, where Ar represents an aromatic radical con- integer from 10 fo 100 and R is R’NH, R’ being an alkyl
taxmng not less than 6 nor more than 10 carbon atoms radical having from 1 to 20 carbon atoms, said last men-
in the aromatic nucleus, such compound being dissolved tioned addition agent being dissolved in said solution to
in said solution to the extent of from 0.2 to 15 grams  the extent of from 0.001 to 0.05 gram per liter.

per liter and the other of said addition agents being a 65 6. A method of electrodepositing nickel in the form
compound of the form RO(CHzCHzO)nH where 7 is of a deposit which is bright as taken from the plating

an integer from 10 o 100 and R is hydrogen, said last solution without further treatment, which method com-
mentioned addition agent being dissolved in said solution prises electrolyzing an aqueous acid solution of a nickel
to the extent of from 0.001 to 0.05 gram per liter. electrolyte of the class consisting of nickel sulfate, nickel

3. A method of electrodepositing nickel in the form of 70 chloride, and mixtures of nickel sulfate with nickel
a deposit which is bright as taken from the plating solu- chloride, said solution also containing cooperating addi-
tion without further treatment, which method comprises tion agents capable of imparting brightoess to the de-
electrolyzing an aqueous acid solution of a nickel electro- posit, one of said addition agents being a compound of
1yte of the class consisting of nickel sulfate, nickel chlo- the form ArSOz—, where Ar represents an aromatic

ride, and mixtures of nickel sulfate with nickel chlonde, 75 radical containing not less than 6 nor more than 10
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carbon atoms in the aromatic nucleus, such compound
being dissolved in said solution to the extent of from 0.2
to 15 grams per liter and the other of said addition agents
being a compound of the form R(CHzCH20)+H, where n
is an integer from 10 to 100 and R is R’NH, R’ being an
aryl radical having from 1 to 20 carbon atoms, said last
mentioned addition agent being dissolved in said solution
to the extent of from 0.001 to 0.05 gram per liter.
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