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"This invention - relates to-electrodeposition  of should: be. mamtained in the solution in. a con-
metals, and more speciﬁcally $6a, process, of, and centration of from 0.2 to 15.0 gm. per liter, prefer-
solutxons for use ina process of. electrodepositmg ably from 1 to-7-gm. per liter.

niekel characterlzed in"that; the resulting nickel Since the two above mentioned classes of addi-

electrodepos1t is bright as it comes from the plat- 5 tion agents are intrinsically and functionally dis-

ing solution. ~More pa tlcularly, .the present in- tinet, *they --will >be . separately ‘described and

vention: has to- do Wwith the discovery of cooper- 1dent1ﬁed '

ating addition agents sititable’ for use;in.an aque- ““The substances of the first addition agent class,

ous acid- nickel" platmg solution. the alkylene amines;-are.-soluble.to the extent of
“I“have now dlscovered that. excellent bright, 10 at least 0.0001 gm. per liter in the plating solution

ductile; -and smooth’ dep051ts of nickel can be pro- (for example in a solution containing 240 gm. per
‘duced over & wIde cathode current density range liter NiSO4.6H20;37.5 gm.-per. liter-of NiCl.6H:0,
by electrolyzmg an aqueous ~acid solution of & and 37.5 gm. periiter of HsBOx, remamder water),

nickel: electrolyte of the class consistmg of mckel and are those-having a-molecular. weight from. 100
sulfate, ~nickel: chloride ‘and’ m1xtures ~of nickel 15 to 1800 or higher, preferably from 600 to 1800.

sulfate withr nickel- chlorzde if such solutlon also The general : formula < for:the unsubstituted
contains: arreﬁectlve amount of each of-two, co- alkylene amine compounds is as follows:
operating- addition- agents, ‘one’of’ such ‘addition ' o

agents being a polyalkylene amine soluble in said HaN[(CH2) mNH12(CHz2) nNHe

solution to the extent: 6f-atleast 0.0001 gram per. 20

liter, and_having a molecular. weight from. 100 to where ‘m is an-integer from 2 to 4 inclusive, and
1800 .orrhigher;.and.the other. of. said .addition 7 is-an integer greater than 2; preferably 12 to 40.
agents being a-cyclic; organic compound.seluble in Not only unsubstituted, alkylene amines but also
the acid nickel solution to the extent..of.at-least alkylene amines having substituents on the nitro-
0.2 gm. per liter, and selected from the group con- 256 gen, replacing hydrogen: thereon, may be utilized
sisting of organic compounds contammg the  within the molecular. weight: hmxtatmns set forth

-group above.

.0 Examples of compounds which may be reacted
A b with the unsubstituted alkylene amines to replace
80 amino hydrogen ; and -inerease :the  molecular

=0 weight of the-alkylene amine.are as follows:

“TABLE'I

* Reactant Mols | .Solvent . |Tgmperature,| Time,

D Fplch]orohydrln ......... B RE o 70
,,(2)(Eplchlorohydnn—}-Phenol B 53 51 12 - C]¢ U \70-90

.-;»,.(3  Benzenesulfonyl Chlonde. 1-2
4) Styrene Oxide......._.... : 11:Toluene
5)Methyl Sulfate._____ 3 1-15 ,‘Hzo 25%'NaOH.
ke 6) Aerylonitrile__....__ i 24-7 |“None,:
(7). Chloroacetic Acid 2 | HaO.

73(8) :Dimethyl Chloroacetate. - 2 | None..:

wherein the carbon:atom.is.nuclear.carbon,.and ‘The ratio of polyalkylene amine (e.’g. _tetraethyl-
in .which- compounds each .of., .the. remalmng £ene pentam,me) o reactant named “gbove .are
: ample only. Other ratms -pro-

consisting -of: hydrogen, methyl, ethyl, chlorine,  duce good results.

.bromine, CHO,.and;pheunyl. . The first. mentioned -From_the, foregoing, it will be seen. that the
.agent.may..be referred.to.as. the. alkylene amine §0 . alkylene ammes ‘of ‘the " 1nd1cated molecular
‘Jorightener and,should-b
ing solut1on JAn concentration from. 0,0001.£0.0.1 type of substituent and size,of the molecule, w1th-

intained:in the plat- ~ .weights are generally, sultable irrespective of the

gm. per liter, preferably from 0.0005 to 0.05. gm. _in the limits. of the. small solublhty required’ to
.make possible the small concentratlons needed to
agent, which I prefer to call _.cmmn or xegulator. 88 .bring.. about, a hlgh order, of bnghtemng accom-
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panied by high ductility and good throwing
power. The alkylene amines lower than tetra-
ethylene pentamine are not very effective unless
substituted so as to bring up the molecular weight.
Numerous compounds can be used, as indicated,
for increasing the molecular weight, and the sub-
stitution products are often somewhat superior
to the forms of lower molecular weight. This is
true even of tetraethylene pentamine, which,
although a good brightener, is improved by in-
creasing the size of the molecule.

The carriers or regulators constituting the sec-
ond addition agent class are soluble in the plating
solution (for example, in a solution consisting of
240 grams of NiSO4-6Hz0, 37.5 grams NiClz- 6H20,
37.5 grams of H3BO3, and water to make a liter)
to the extent of at least 0.2 gram per liter. These
include such materials as benzene and thiophene
sulfonic acids and salts thereof and halogen,
methyl, ethyl, CHO, and phenyl substitution
products of the foregoing, such as for example:

Carriers or regulators

. Benzene mono-sulfonic acid (CeH5SOsH)

. Benzene disulfonic acids (CsH4(SO3H) 2)

. Sodium benzene monocsulfonate (CsH530:Na)

. Nickel benzene monosulfonate [ (CsH5S03) 2Nil
. Monochlor benzene monosulfonic acids

(CICsHsSO3H)

. Benzene monosulfonamide (CsHsSO2NH?2)
. Saccharine, sodium salt (CeH4SO2CONNa)
. Dichloro benzene disulfonic acids

(Cl2CsH2(SO3H) )
9. 2,5-dibromo benzene sulfonic acld
(Br2CsH3SO3H)

10. Toluene sulfonic acids (CH3CsH4SO3H)
11. Benzaldehyde sulfonic acids

(CsH4(CHO) SO3H)

12. Diphenyl sulfonic acids (CsHs5CsH4SO3H)
13. Benzene sulfonyl chloride (CsH5SO02CD)
14. Para chloro benzene sulfonamide

(CICeH4SO:zNEH2)

15. Xylene sulfonamides ((CH3) 2CeH3S02NHz2)

16. Para toluene sulfonamide (CH3CsH4S02NH2)

17. Thiophene sulfonic acids (C4H3S.S03H)

18. Diphenyl sulfone (CsH5502C6H5)

19. Naphthalene-1,5-disu1phonic acid

20. Sulfonated naphthalene. (Mixtures of naph-
thalene sulfonic acids, produced by treating
naphthalene with oleum, preferably 2 parts of
209% oleum on one part of naphthalene at 160°
C. for two hours)

21. Alpha naphthalene monosulfonic acid

292. Beta naphthalene mono sulfonic acid

23. O-toluene sulfonamide

24. Chloro naphthalene disulfonates

Potassium and cobalt salts are useable as well
as the sodium and nickel salts indicated above.

From these examples it becomes clear that
numerous single ring compounds containing the
effective group can be used, whether aromatic,
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such as the benzene sulfonic acids or heterocyclic

with aromatic characteristics, such as thiophene
sulfonic acid. Various substituents on the ring
structure are exemplified.

Tt is to be understood that all statements made

70

herein concerning the capahbilities of the addition .

agents presuppose the use of one or a mixture

76

of two or more from each class. The carrying
agents produce a degree of brightness without
any brightener but not enough to he satisfactory
alone. I prefer the use of the more common
and readily available compounds, and prefer to
employ in each addition agent class only com-
pounds devoid of the group which characterizes
the other addition agent class.

The constituents of the bath according to the
preferred practice of the invention are (1) water,
(2) nickel sulfate, nickel chloride or nickel sul-
fate with nickel chloride, (3) an aromatic sul~
fonyl compound such as an aromatic sulfonic
acid or a nickel, alkali metal, or cobalt salt there-
of, an aromatic sulfonamide, or sulfimide, or a
mixture. of a plurality thereof, (4) a wetting
agent, and (5) a polyalkylene amine or a mix-
ture of polyalkylene amines. An additional in-
gredient of the solution which is desirable is &
buffering agent such as boric acid, formic acid,
ammonium sulfate, or the like.

It will be noted that in respect to major con-
stituents, the solutions are similar to the well
known “all sulfate,” “all chloride,” and “sulfate-
chloride” or Watts type nickel plating solutions.
It will be noted also that as to the aromatic sul-
fonyl type of addition agent or “carrier” as it is
often called, the group of suitable materials are
of the type which is represented by well known
carriers in the bright nickel plating industry.
The essentia] novel feature of the present inven-
tion is the use in such solutions of a small
amount of a polyalkylene amine or a mixture of
polyalkylene amines of molecular weight from
about 100 to about 1800 or even higher.

The preferred basic solutions in connection
;vith which my invention is realized are as fol-
ows:

All sulfate

NiSOLTH2O ceeeeo 100 to 400 gms., preferably 200 to 300 gms.
Boricacld.ocneecaccannans 0 to 60 gms., preferably 10 to 40 gms.
Wetting agent (e. g. so- G to 5 gms., preferably 0.5 to 1 gm.

dium lauryl sulfate).
H,0 to make 1000 ce.

All chloride

NiCla.6H0 ... 50 to 250 gms., preferably 100 to 200 gms.

Borlcaeld ..o ooaeo- 0 to 60 gms., preferably 10 to 40 grus.

Wetting agent (e. g. so- 0 to 5gms., preferably 0.5 to 1.0 gm.
dium lauryl sulfate).

H:0 to make 1000 cc.

Suljate-chloride (Watts type)
N1804.7HO oo 100 to 400 gms., preferably 200 to 300 gms.
NiCl;.6H0_. 10 to 60 gms., preferably 25 to 40 gms%

Boric acid. .........-...-_ 0 to 50 gms., preferably 15 to 40 gms.
Wetting agent (6. g. so- 0.5t00 gm.,’ preferably 0.05 to 0.15 g,
dium lauryl sulfate).

To each of the foregoing basic solutions I add
a guitable quantity of each, or a mixture of two
or more of each, of the two cooperating addition
agents, One of said addition agents or mixtures
is one of the aromatic sulfonyl type and the other
is of the alkylene amine type described above.
The solution should, for best results, contain an
anti-pit agent although the deposits may be suit-
able for some purposes without eliminating the
pitting and, under some conditions, the deposits
may not be objectionably pitted even in the ab-
sence of an addition agent for control of pitting.
Sodium lauryl sulfate may be used as an anti-
pit agent, although, as stated, its use is not es-
sential and other wetting agents or mixtures of
getting agents may be used for control of pit-

ng.

The following specific examples will serve t
illustrate the invention.  -- - .
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~TABLE:-IT
Solution No..___.._.. . cemnad) 01 | m2cifeBu| s | 5| ve | rry| e8] 0] a0
Niekel:'Sulfate 6Hp0. ...ovoooomrenes| o040 {7240 | w240 | 72 w240 |24 |.-240 |- 280
Nickel Chloride THO § 1578 | a3 70 | o ey 242

Boric Acid_..__..___... 37.5 [\31/5
‘Sodium. Lauryl Sulfate.____. et K
‘Tetraethylene . Pentamine Gondensed
“With the following in theMoleculdr-Ra~
“$io-Indieated: :
- Acrylonitrile (1:7)._...
-Methyl Sulfate (1:12)
Epichlorohydrin (1:2).
: Epichlorohydrin and Phenol (1:
Benzene Sulfortyl Chloride (1:2)
“iChloroacetic Acid’.and-Methyl:
fate (1:2:2) ool
" Dimethyl Chlordcetal (1:2)____.
JTetraethylens Pentamine (Monomer) _. .. .
Polymerized - Tetracthylene - Pentamine . ) 8 » :
_of'Molecular Weight 1200 ____________- 8 NN} SRR NPT RPN SO SN U . 005
‘Polymerized Tetractlivléne Pentamine of : ; :

-Moleenlar Weight 1800._. .
(V]

*Sulfonated Naphthalene 5.0 50
PH e . 3.0 0 |08, 0
2 140 |."140 140

740 | -0

"1 “Sulfonated naphthalene™ is:a comﬁo‘s‘ition-such ‘a8 may ‘be produceéd by reacting-2
parts of 20% oleum on one part of maphthalene:at-160° C.>for two hours, neutralizing
the resulting mixture with nickel carbonate, filtering and diluting to 26° Bé, . Where
quantities of “sulfonated naphthalene’> are referred to herein,-it-is to-be-uhderstood
that the quantity specifiéd represents'roughly the nicke1-naphthalene-mixedls'u-lfonate
content of the mixture.

, Formic Aeld. oo L
Citrie At - e
- Formalin en : R
Sodium Lauryl Sulfate. __________ S
“Tetraethylene Pentamine Condénsed: with:
- Acrylonitrile in Molecular Ratioof 1:7_ ...
B8-Naphthalene Monosulfonate (INi). .
«-Chloronaphthalene Monosulfonate (Ni)
“e-Chloronaphthalene Disulfonate (Ni).
Sulfonated Naphthalene 1_...___.__ o
“Saccharin. . oL

~pH. . : 35180
Temperaturs (Degrees Fahrenheit). . .oooo o .
"C.D : 40

! “Sulfonated naphthalene’” is-a composition-stich:as may-be préduced by reacting 2 parts of 0%
~oleum on-one part of naphthalene at 160° C:.for two hours, nentralizing the restlting:misture withnickel
- carbonate, filtering and diluting to 26° B8. - Where quantities of ‘“sulfonated-naphthalene”-are referred
~toherein, it is to be understood that the quantity specified represents roughly the nickel-naphthalene-
mixed-sulfonate content of the mixture.

From ‘the- foregoing. it will “be Gbvicusithat:I produced by reacting a“polyalkylene: amine ‘of
‘have provided-an' improved:processifor: electro- 50~‘said'ge‘neral*f.o‘i‘m";'With*’af’matenalf‘of—‘~~the class
~deposition ‘of -bright -nickel,” and, ‘while “I-have ”" consisting of epi¢hlorhydrin; agrylonitrile; methyl
-described my-invention with reference:to'present  “sulfate, - chloracetic ~aicid, “epichlorhydrin with
‘preferred embodiments, I wish'it-understood:that = phenol, ‘dimethyl “chlotacetal,  benzene -sulfonyl
‘these “are  only -illustrative;-and-I:desire: to:'Be - chloride,-and ‘styrere oxide; soluble in-said solu-
-Jimited -only -in- accorddnce with' the “spirit 'end 55 tion to the extent 6f>at least’0.0001:gram:per
“scope ‘of the appended’ elaims. “UYcliter;~and -having+a molecular weight ‘from ‘100

-Having - thus described-my ‘invention, what*I - to 1800, and: ‘the ther-6f: ald -addition-agents
~claim is: , ~being an-organic compound of ‘the¢lass eonsisting

-1.-A method for electrodépositing nickel in:the - 6f : benzene  mono-sulfonic:sacid, “benzere disul-
“form of a- deposit-which is'bright as‘taken from 60"ifo'nic -acids, - mono¢hlor “henzene smonosulfonic

the plating solution without ‘further tieatment °- acids, benzene monosulfonamide, sacéharine, di-
and which comprises electrolyzing.an aqueous, chloro benzene disulfonic. acids, 2,5-dibromo ben-
acid solution of a nickel electrolyte of the class zene sulfonic acid; toluene sulfonic acids, benzal-
~consisting of nickel-:sulfate,-nickel: chloride;:and .dehyde-sulfonic: acids, :diphenyl.sulfonic -acids,
-mixtures of nickel sulfatewith nickel: chloride, 5 ‘benzene: sulfonyl:chloride,-para -chloro--benzene
~said -solution  also containing cooperating addi- “°.sulfonamide, xylene.-sulfonamides; para -toluene
tion -agents .capable’ of - imparting-brightness to  :sulfonamide, thiophene. sulfenic+acids; -diphenyl
-the.deposit, one of-said addition agents-being:a  :gsulfone,: naphthalene-1;5-disulphonic - aeid, -sul-
~polyalkylene amine of the.class consisting-of.un- fonated naphthalene;salpha: naphthalene: mono-
:substituted amines of the:general:form _yo sulfonic “acid, “beta =

: ; - NETLY T -acid, o-toluene-sulfonamide, chloro naphthalene
HiNL(CH2) nNHIA(CH2) mNH: “disulfonates-and: the “sodium, ‘potassium,  nickel,

where m is an’integer'from’'2 to"4. in¢lusive and  “and cobalt” salts” thereof,” said"first *mentioned
‘n.is"an integer greater.than:2,’and.polyalkylene “addition “agent ‘being: present*inconcentration
‘amines which 'are .the. condensation .products. 78" from 0.0001 to'0.1. gram: per liter; and said second
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mentioned addition agent being present in con-
centration from 0.2 to 15 grams per liter. -

2. A method for electrodepositing nickel in the
form of a deposit which is bright as taken from
the plating solution without further treatment
and which comprises electrolyzing an aqueous,
acid solution of a nickel electrolyte of the class
consisting of nickel sulfate, nickel chloride, and
mixtures of nickel sulfate with nickel chloride,
said solution also containing cooperating addi-
tion agents capable of imparting brightness to
the deposit, one of said addition agents being
a polyalkylene amine of the class consisting of
unsubstituted amines of the general form

H2 N[ (CHz2) mNH1a(CH2) mNH2

where m is an integer from 2 to 4 inclusive and
n is an integer greater than 2, and polyalkylene
amines which are the condensation products
produced by reacting a polyalkylene amine of
said general form with a material of the class
consisting of epichlorhydrin, acrylonitrile, methyl
sulfate, chloracetic acid, epichlorhydrin with
phenol, dimethyl chloracetal, benzene sulfonyl
chloride, and styrene oxide soluble in said solu~-
tion to the extent of at least 0.0005 gram per
liter, and having a molecular weight from 600 to
1800, and the other of said addition agents being
an organic compound of the class consisting of

benzene mon-sulfonic acid, benzene disulfonic j

acids, monochlor benzene monosulfonic acids,
benzene monosulfonamide, saccharine, dichloro
benzene disulfonic acids, 2,5-dibromo benzene
sulfonic acid, toluene sulfonic acids, benzalde-
hyde sulfonic acids, diphenyl sulfonic acids, ben-
zene sulfonyl chloride, para chloro benzene sul-
fonamide, xylene sulfonamides, para toluene sul-
fonamide, thiophene sulfonic acids, diphenyl sul-
fone, naphthalene-1,5-disulphonic acid, sulfo-
nated naphthalene, alpha naphthalene monosul-
fonic acid, beta naphthalene mono sulfonic acid,
o-toluene sulfonamide, chloro naphthalene di-
sulfonates and the sodium, potassium, nickel,
and cobalt salts thereof, said first mentioned ad-
dition agent being present in concentration from
0.0005 to 0.05 gram per liter, and said second
mentioned agent being present in concentration
from 0.2 to 15 grams per liter.

3. A method for electrodepositing nickel in the

form of a deposit which is bright as taken from ;

the plating solution without further treatment
and which comprises electrolyzing an aqueous,
acid solution of a nickel electrolyte of the class
consisting of nickel sulfate, nickel chloride, and

mixtures of nickel sulfate with nickel chloride, :

said solution also containing cooperating addi-
tion agents capable of imparting brightness to
the deposit, one of said addition agents being an
unsubstituted polyalkylene amine composition of
the general form

H2N[ (CHz) mNH12(CHz2) mNH2

where m is an integer from 2 to 4 inclusive and
n is an integer greater than 2, of molecular
weight from 100 to 1800, and the other of said ad-
dition agents being an organic compound of the
class consisting of benzene monosulfonic acid,
benzene disulfonic aecids, monochlor benzene
monosulfonic acids, benzene monosulfonamide,
saccharine, dichloro benzene disulfonic acids, 2,5-
dibromo benzene sulfonic acid, toluene sulfonic
acids, benzaldehyde sulfonic acids, diphenyl sul-
fonic acids, benzene sulfonyl chloride, para chloro
benzene sulfonamide, xylene sulfonamides, para
toluene sulforiamide, thiophene sulfonic acids, di-
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phenyl sulfone, naphthalene - 1,56 - disulphonie
acid, sulfonated naphthalene, alpha naphthalene
monosulfonic acid, beta naphthalene mono sul-
fonic acid, o-toluene sulfonamide, chloro naph-
thalene disulfonates and the sodium, potassium,
nickel, and cobalt salts thereof, said first men-
tioned addition agent being present in concen-
tration from 0.0001 to 0.1 gram Dper liter, and
said second mentioned addition agent being pres-
ent in concentration from 0.2 to 15 grams per
liter.

4. A method for electrodepositing nickel in the
form of a deposit which is bright as taken from
the plating solution without further treatment
and which comprises electrolyzing an aqueous,
acid solution of a nickel electrolyte of the class
consisting of nickel sulfate, nickel chloride, and
mixtures of nickel sulfate with nickel chloride,
said solution also containing cooperating addi-
tion agents capable of imparting brightness to
the deposit, one of said addition agents being an
unsubstituted polyalkylene amine composition of
the general form

HoN[ (CH2) mNHI1n (CHa) mNHe

where m is an integer from 2 to 4 inclusive and
n is an integer greater than 2, of molecular weight
from 600 to 1800, and the other of said addition
agents being an organic compound of the class
consisting of benzene mono-sulfonic acid, ben-
zene disulfonie acids, monochlor benzene mono-
sulfonic acids, benzene monosulfonamide, saccha-
rine, dichloro benzene disulfonic acids, 2,5-di-
bromo benzene sulfonic acid, toluene sulfonic
acids, benzaldehyde sulfonic acids, diphenyl sul-

- fonic acids, benzene sulfonyl chloride, para chloro
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penzene sulfonamide, xylene sulfonamides, para
toluene sulfonamide, thiophene sulfonic acids, di-
phenyl sulfone, naphthalene - 1,5 - disulphonic
acid, sulfonated naphthalene, alpha naphthalene
monosulfonic acid, beta naphthalene mono sul-
fonic acid, o-toluene sulfonamide, chloro naph-
thalene disulfonates and the sodium, potassium,
nickel, and cobalt saits thereof, said first men-
tioned addition agent being present in concen-
tration from 0.0005 to 0.05 gram per liter, and
said second mentioned agent being present in
concentration from 0.2 to 15 grams per liter.

5. A method for electrodepositing nickel in the
form of a deposit which is bright as taken from
the plating solution without further treatment
and which comprises electrolyzing an aqueous,
acid solution of a nickel electrolyte of the class
consisting of nickel sulfate, nickel chloride, and
mixtures of nickel sulfate with nickel chloride,
said solution also containing cooperating addi-
tion agents capable of imparting brightness to
the deposit, one of said addition agents being a
condensation product of a polyalkylene amine
of the general form

H2N[(CHz2) mNHI1n(CHz) mNHz

where m is an integer from 2 to 4 inclusive and
7 is an integer greater than 2, with acrylonitrile,
and the other of said addition agents being an
organic compound of the class consisting of ben-
zene mono-sulfonic acid, benzene disulfonic acids,
monochlor benzene monosulfonic acids, benzene
monosulfonamide, saccharine, dichloro benzene
disulfonic acids, 2,5-dibromo benzene sulfonic
acid, toluene sulfonic acids, benzaldehyde sul-
fonic acids, diphenyl sulfonic acids, benzene sul-
fonyl chloride, para chloro benzene sulfonamide,
xylene sulfonamides, para toluene sulfonamide,
thiophene sulfonic acids, diphenyl sulfone, naph-




.

2609885

9:
thalene-1,5:disulphenic~aeid; sulfonated:naphs
thaléne,: alpha- naphthaléne -monesulfonic - aeid;
beta-naphthalene mono-sulfonic-aeid;: o-toliene.
sulfonamide; chloro-naphthalene disulfonates and:

the-sodium;: potassium; nickel;” and+cobalt salts

thereof; said-first-mentioned-addition-agent being
present in-concentration from-0:0001to. 0.1 'gram
per-liter; and- said seecond::mentioned- addition:
agent-being-present-in-coneentrationfrom:-0.2'to
15°grams per-liter:-

8: A‘method for eleetrodepositing:-nickel-in -the
fornr of -a:deposit-which'is brightastaken-from
the+plating: solution-without :further treatment.

and‘which'-comprises-eléctrolyzing~an :agueous;.
acid-solution-of ‘a-nickel ‘electrolyte:of‘the -class:

consisting of nickel sulfate, nickel:chloride;-and
mixtures-of-nickel-sulfaté: with nickel-ichloride,
said-sohution-also- containing -cooperating -addi-=
tion-agents -capable- of :imparting-brightness-to
the«deposit, one of:-said-addition- agents- being-a
condensation-product-of-a-polyalkylene amine-of
the-general-‘form

HoNI[ (CHz2) mNH 12 (CH2)mNH: -

wheresm:is-an-integer from:2:to0 4-inclusive and.
n:is.an-integer-greater than: 2, withracrylonitrile;
and-the:other-of 'said ‘addition-agents-being-an
organic compound of the class:consisting:of-ben~
zene monosulfonicacid,. benzene -disulfonic aecids,
monochlor benzene monosulfonic acids, benzene
monosulfonamide; saccharine; dichloro -benzene
disulfonic - acids,; 2,5-dibromo- benzene- sulfonic
acid;- toluene- sulfonic - acids;* benzaldehyde: sul~
fonic -acids, diphenyl sulfonic-acids; benzene sul-
fanyl chloride; parachlore henzene -sulfonamide;
xyléne - sulfonamides, para-toluene-sulfonamide;
thiophene-sulfonic -acids; diphenyl-sulfone; naph=
thaléne-1,5=disulfonic - acid,” sulfonated: naph-
thalene,  alphanaphthalene--monosulfonic acid;
beta naphthalene-mono-sulfonic-acid,” o-toluene
sulfonamide; chloro naphthalene disulfonates and
the :sodium; potassium;- nickel*and- cobalt-salts
thereof, said first mentioned-addition-agent being
present in concentration from-0.0005-t0-0.05-gram.
per liter, and-said second-mentioned-agent being
present :in- concentration: from- 0:2 to-15° grams
per:liter.- )

7" Aimethod for =e1eetrodeposzt~mg\ nickel in the
form: of ‘a- deposit ‘whichis ‘bright ‘as-taken- from
the- plating- solution - without- further- treatment
and-‘which- comprises- eleetrolyzing -an- _aqueous;
acid ‘solution of a:nickel-eléctrolyte -of the class
consisting of nickel sulfate, nickel chloride; and
mixtures of nickel-sulfate with nickel chloride,
said solution also containing. cooperating addi-
tion-agents-capable-of “imparting brightness to
the deposit; one-of said ‘addition: agents being a
condensation product of a,polyalkylene amine:of
the.general form

BN (CIﬁ)mNH]n(CHz) nNHz .,

where m is an integer_from 2 to 4 inclusive and
7 is an integer greater than-2; with epichlor-
hydrin;. andi:the:other: of said+addition-agents

being an organic compound of the class consisting:

of benzene monosulfonic acid, benzene disulfonic
acids, monochlor benzene mono-sulfonic acids,
benzene monosulfonamide, saccharine, dichloro
benzene disulfonic acids, 2,5-dibromo benzene sul-
fonic acid, toluene sulfonic acids, benzaldehyde
sulfonic -acids, diphenyl sulfonic acids, benzene
sulfonyl chloride, para chloro benzene sulfon-
amide, xylene sulfonamides, para toluene sulfon-
amide,  thiophene sulfonic acids, diphenyl sul-
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naphthalens, alpha: naplthalene:: monesulfonic:
acid;c beta~ naphthaléne mona:: sulfonic¢ acid;:
o-toluene-sulfonamideé;chloremaphthalene:disuls.
tonates-and sthe:sodium; potassium;: nickel::and:

- cobalt:salts -thereof,: said+first: ‘mentioned addix .

tion+agent-being:present in .coneentration:from:
0:0001 {0-0.1 gram:per-liter,sand:said-second mens.
tioned addition agent being present:in:concen=
trationsfrom0.27t0:15:grams. per liter:

8: A-method for.electrodepositing:nickel:in:the.
form-of-a-deposit :iwhich:is: bright-as taken:from:
the-plating: solution-without further:treatment:
and“which:-comprises-electrolyzing san:aqueous;:
aeid solition’ of ‘a«nickel: electrolyte :of ithexcldss:
consisting -of-nickel‘sulfate;- nickei-chloridé;and:
mixtures-of :nickel :sulfaté-with-nickel-chloride;
said-solution- aléo- containing:cooperating:addis
tion-agents-capable-of- imparting -brightness: 46
the~déposit; one=of-*satd-:addition: agents+being.
a condensation product of a polyalkylene-amine:
of the general form-

HaN [ (CHz) mNEE] n (CCF2):mNH3: -
where:m-is-an:integer-from-2-to 4#inclisive:and

- wis-an-integer ‘greater-than- 2;: with-epichlorhy=

drin; and-the other-of:said ‘addition-agents:being.
an-organic-compound-of ‘the-class:consisting:of’
benzene- monosulfonic- acid;: benzene - disulfonic
acids;+ monechlor-bengzene- monosulfonic: aeids;
benzene-monosulfonamide;- saccharine; dichlore

benzene disulfonic acids;2; 5—d1bremo bhenzene su1~

fonie-acid; toluene-sulfonic-aeids;: benzaldéhyde

sulfonic acids; diphenyl sulfoni¢-acids; benzene

sulfonyl-chloride; para: chlore-benzene:sulfonx-
amide, xylene-sulfonamidés; para-toluene-sulfon-

amide, thiophene sulfdnic acids;-diphenylsulfene;:
naphthalene-1;5-disulfoni¢ acid; sulfonated naph=-
thalene,; alpha: naphthalene:monosulfonic-acid;
beta-naphthalene -mono-sulfonic-aeid,” o-tohiene

sulfonamide, chloro- naphthalene disulfonates and

the sodium; potassium; nickel and :cobalt-salts

thereof,’said first mentioned-addition-agent being:

present in:concentration:1rom-0:0005'to 0:05:gram:
per-liter,-and said-‘secend-mentioned ‘agent beihg.

present in concentration from 0.2 to. 15% grams-
per liter::

9. A‘method for-electrodepositing:nickel-in-the
form-of 'a deposit:which“is bright-as taken from
the-plating-solution: without further - treatment
and-which~comprises-electrolyzing -an- agueous;
acid solution of-a-nickel eleéctrolyte -of the- cldss:
consisting-of ‘nickel‘sulfgte; nickel-chloride; and
mixtures-of ‘nickel ‘sulfate-with nickel" -chloride;
said-solution- also--containing: cooperatmg -addis
tion-agents- capable -of*imparting - brightness to
‘thedeposit; one-of said+addition: agents being;
a condensation product of a polyalkylene amine-
of the general form:

HaN{ (CHi) mNH14(CH:) nNH;

where i iskan integet from 2. ta 4.inclusive -angd-

benzen,e monosulfonic: a;:id, benzene~ dtsu]{emg?
acids, monochlor benzene monosulfonic acids;
benzene monosulfonamide, saccharine, dichloro
benzene disulfonic acids, 2,5-dibromo benzene sul-
fonic acid, toluene sulfonic acids, benzaldehyde
sulfonic acids, diphenyl sulfonic acids, benzene
sulfonyl chloride, para chloro: benzene sulfon-
amide, xylene sulfonamides, para toluene sulfon-
amide, thiophene sulfonic acids, diphenyl sulfone,
naphthalene-1,5-disulfonic acid, sulfonated naph-

fone, naphthalene-15-disulfonic acid, sulfonated 75 thalene, alpha naphthalene monosulfonic acid,
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beta naphthalene monosulfonic acid, o-toluene
sulfonamide, chloro naphthalene disulfonates and
the sodium, potassium, nickel and cobalt salts
thereof, said first mentioned addition agent being
present in concentration from 0.0001 to 0.1 gram
per liter, and said second mentioned addition
agent being present in concentration from 0.2 to
15 grams per liter.

10. A method for electrodepositing nickel in the
form of a deposit which is bright as taken from
the plating solution without further treatment
and which comprises electrolyzing an aqueous,
acid solution of a nickel electrolyte of the class
consisting of nickel sulfate, nickel chloride, and
mixtures of nickel sulfate with nickel chloride,
said solution also containing cooperating addi-
tion agents capable of imparting brightness to
the deposit, one of said addition agents being a
condensation product of a polyalkylene amine of
the general form :

HoN [ (CHz2) mNH 12 (CHz) mNHa2

where m is an integer from 2 to 4 inclusive and
n is an integer greater than 2, with methyl sul-
fate, and the other of said addition agents being
an organic compound of the class consisting of
benzene monosulfonic acid, benzene disulfonic
acids, monochlor benzene monosulfonic acids,
benzene monosulfonamide, saccharine, dichloro
benzene disulfonic acids, 2,5-dibromo benzene sul-
fonic acid, toluene sulfonic acids, benzaldehyde
sulfonic acids, diphenyl sulfonic acids, benzene
sulfonyl chloride, para chloro benzene sulfon-
amide, xylene sulfonamides, para toluene sulfon-
amide, thiophene sulfonic acids, diphenyl sulfone,
naphthalene-1,5-disulfonic acid, sulfonated naph-
thalene, alpha naphthalene monosulfonic acid,
beta naphthalene monosulfonic acid, o-toluene
sulfonamide, chloro naphthalene disulfonates and
the sodium, potassium, nickel and cobalt salts
thereof, said first mentioned addition agent being
present in concentration from 0.0005 to 0.05 gram
per liter, and said second mentioned agent being
present in concentration from 0.2 to 15 grams
per liter.

11. A method for electrodepositing nickel in the
form of a deposit which is bright as taken from
the plating solution without further treatment
and which comprises electrolyzing an agueous,
acid solution of a nickel electrolyte of the class
consisting of nickel sulfate, nickel chloride, and
mixtures of nickel sulfate with nickel chloride,
said solution also containing cooperating addi-
tion agents capable of imparting brightness to
the deposit, one of said addition agents being a
condensation product of a polyalkylene amine of
the general form

HzN[ (CHz) mNH]n(CHz) mNH2
where m is an integer from 2 to 4 inclusive and
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n is an integer greater than 2, with styrene oxide, -

and the other of said addition agents being an
organic compound of the class consisting of ben-
zene monosulfonic acid, benzene disulfonic acids,
monochlor benzene monosulfonic acids, benzene
monosulfonamide, saccharine, dichloro benzene
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disulfonic acids, 2,5-dibromo benzene sulfonic
acid, toluene sulfonic acids, benzaldehyde sul-
fonic acids, diphenyl sulfonic acids, benzene sul-
fonyl chloride, para chloro benzene sulfonamide,
xylene sulfonamides, para toluene sulfonamide,
thiophene sulfonic acids, diphenyl sulfone, naph-
thalene-1,5-disulphonic acid, sulfonated naph-
thalene, alpha naphthalene monosulfonic acid,
beta naphthalene monosulfonic acid, o-toluene
sulfonamide, chloro naphthalene disulfonates and
the sodium, potassium, nickel, and cobalt salts
thereof, said first mentioned addition agent being
present-in concentration from 0.001 to 0.1 gram
per liter, and said second mentioned addition
agent being present in concentration from 0.2 to
15 grams per liter. -

12. A method for electrodepositing nickel in
the form of a deposit which is bright as taken
from the plating solution without further treat-
ment and which comprises electrolyzing an ague-
ous, acid solution of a nickel electrolyte of the
class consisting of nickel sulfate, nickel chloride,
and mixtures of nickel sulfate with nickel chlo-
ride, said solution also containing cooperating
addition agents capable of imparting brightness
to the deposit, one of said addition agents being
a condensation product of a polyalkylene amine
of the general form

HeN[ (CH2) mNH12(CHz) mNH2

where m is an integer from 2 to 4 inclusive and
n is an integer greater than 2, with styrene oxide,
and the other of said addition agents being an
organic compound of the class consisting of ben-
zene monosulfonic acid, benzene disulfonic acids,
monochlor benzene monosulfonic acids, benzene
monosulfonamide, saccharine, dichloro benzene
disulfonic acids, 2,5-dibromo henzene sulfonic
acid, toluene sulfonic acids, benzaldehyde sul-
fonic acids, diphenyl sulfonic acids, benzene sul-
fonyl chloride, para chloro benzene sulfonamide,
xylene sulfonamides, para toluene sulfonamide,
thiophene sulfonic acids, diphenyl sulfone, naph-
thalene-1,5-disulfonic acid, sulfonated naphtha-
lene, alpha naphthalene monosulfonic acid, beta
naphthalene monosulfonic acid, o-toluene sul-
fonamide, chloro naphthalene disulfonates and
the sodium, potassium, nickel and cobalt salts
thereof, said first mentioned addition agent heing
present in concentration from 0.0005 to 0.05 gram
per liter, and said second mentioned agent being
present in concentration from 0.2 to 15 grams
per liter.
DAVID G. ELLIS.
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