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The present invention relates to nickel plating
anodes' and, more particularly, to electrodepos-
ited nickel plating anodes containing sulphur
and a process therefor.,

The development of the nickel plating indus-

try has been accompanied by careful considera-
tion of the effect of the composition of the nickel
anode upon the plating produced. The earliest
nickel anodes contained appreciable amounts of
iron and in the earliest days of nickel plating
many platers held that the presence of cobalt was
advantageous. In the last 25 or 30 years it has
been found that nickel anodes containing small
amounts of critical elements provided a more
satisfactory anode from an operating standpoint
than the anodes of the earlier days of the in-
dustry. While Spencer has stated:

“TIt may be observed that the general tendency

is toward the development and use of an anode
of the highest possible purity containing the low-
est possible amounts of carbon, oxygen, iron, sili-
con, and other contaminating elements. * * *
* * * *® . ‘, L .

“From what has been said in the preceding
pages, it appears that a perfect anode would be
one which is chemically pure nickel of uniform
crystal size with a high solution potential. But
absolutely pure nickel is very difficult to dis-
solve, so other elements must be present to in-
crease its solubility. Such elements should form
solid  solutions with nickel and be soluble in a
commercial plating solution. * * * Tt might
be said that neither oxygen nor carbon should
be present in the anode in greater amounts than
can be dissolved and retained in solution by the
nickel. In other words, the metal should be
clean when etched and examined under the
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microscope, or, if it is not absolutely clean, the

insolubles should be present in a few large, dis-
connected particles.” [The Metal Industry
(London) January 22, 1937, p. 142, column 1,
lines 10-14 from the bottom; p. 144, column 1,
line 7 from the bottom to column 2, line 141
the art has found that anodes containing critical
amounts of some or all of these elements are far
superior from an operating standpoint to anodes
. devoid of or containing as little as possible, of
these so-called contaminating elements. For ex-
ample, one of the gravest problems confronting
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ity which nickel anodes of high purity develop.
Several years ago it was proposed to incorporate
in nickel anodes a critical amount of sulphur or
a critical amount of oxygen or both in order to
provide smooth corrosionn and to eliminate pas-
sivity. . Such anodes have been described and
have been provided for the art (Geiger U. 8.
Patents Nos.,. 1,941,266 and 1,941,257). How-
ever, such anodes in the past have only
been produced by melting electrolytic nickel
and-incorporating the necessary amount of sul-

phur in ways well known to those.skilled in the

art. It will be appreciated that the produec-
tion of electrolytic nickel containing the neces-
sary amount of sulphur would, from an economic
standpoint, be a considerable advance in the
progress of the art. However; so far as I am
daware, no one has proposed or disclosed a proc-
ess whereby massive deposits of nickel may be
obtained -electrolytically which contain sulphur
in a form providing the corrosion characteristics
of sulphur when incorporated during melting and
suitable for use as anodes in the electrodeposition
of nickel plating for protective and/or decora.tive :
purposes.
‘While it is & fact that thin films of nickel con-

taining extremely small amounts of sulphur have

been deposited electrolytically on various base -

. metals for decorative or protective purposes, the

problem of electrodepositing massive nickel con-
taining sulphur and suitable for use as anodes in
electroplating, has not been solved heretofore.
Those skilled in the art will readily appreciate
that many factors affect the production of mas-
sive deposits of nickel electrolytically which do
not arise in the deposition of thin films of nickel.

It is customary in electroplating base metals
with nickel for protective and/or decorative pur- .
poses to provide the base metal with a very thin
film of nickel which in most instances has a
thickness of about 0.0001 inch and rarely reaches
& thickness of 0.001 inch. In contrast to these
very thin films of nickel, anodes for use in the
electrodeposition of these thin films of nickel for
protective, and/or decorative purposes generally
have a thickness of at least about 2 inch and in
many instances & thickness of the order of an
inch. Furthermore, in the usual electroplating
of thin films for protective and decorative pur-

the manufacturer of nickel anodes is the passlv- 50 poses the thin film of nickel is supported by the
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base metal and consequently the physical char-
acteristics of the film of nickel do not play such
an important part. Nickel anodes, on the other
hand, must have sufficient strength to support
their own' weight and must withstand the usual
stresses encountered in shipping and in handling
the anodes in and out of the electroplating bath.

D)

Nickel anodes theretore of theémselves must not *

be brittle to the degree that the anodes would
shatter and become useless during the usual vi-
cissitudes of comercial handling. Furthermore,
the problems of depositing thick coatings of
nickel are recognized ahd the experts in the art
readily understand and agree that beyond a cer-
tain thickness many problems arise which have
not been solved. - (Kugel U. S. Patent No. 665,-
915.) :

The characteristics of a nickel anode which are
of primary importance to the electroplater but
do not enter into an evaluation of nickel electro-
deposits for decorative and/or protective pur-
poses are the activity of the anode at high pH,
the character of the corrosion, the amount of
sludge, the character of the sludge and the tend-
ency of the sludge from some anodes to become
detached from the  corroding anode in small
pieces which float or migrate to the work being
plated. It will be readily appreciated that the
Jproducer of articles electroplated with nickel for
protective or decorative purposes usually is not
interested in the, foregoing characteristics of the
protective or decorative plating. Applicant is
only aware of one article in the technical litera-
ture which discusses the anodic properties of a
nickel electro-deposit comparable to the con-
ventional decorative or protective film of electro-
plated nickel. In an article published in Mit-
teilungen des Forschungsinstituts and Pro-
bieramt fur Edelmetalle for July, 1936, E. Raub
discusses the use of insoluble anodes such as lead
and rustproof steel by German electroplaters.
The following quotation is from a franslation of
that article:

“More suitable than the use of insoluble"».u

anodes is the following process which also is the
" basis of a proposal of the Langbein-Pfanhauser
. Werke of Leipzig. Metallic nickel is made elec-
trolytically from nickel salts, which in general
are not so difficult to procure as metallic nickel,
which then is used as anode in the galvanic nickel
bath. The process is of course inconvenient and
makes nickel plating expensive but nevertheless
in most cases is more to be recommended than
the use of insoluble anodes.”
Thus it is manifest that this authority clearly
~ considers that electrolytic nickel is only slightly
better than insoluble anodes in a process for elec-
troplating protective or decorative films of nickel,
A mere recitation of these characteristics of a
nickel anode impresses the fact that the mere
deposition of nickel electrolytically as a thin
film for decorative or protective purposes does
not provide the art with the answer to these
questions: Will electrolytically deposited nickel-
containing sulphur be active at high pH
[pH 4.0(Q)1? Will such nickel corrode smooth-
ly? Will the amount of sludge be eXcessive?
Will the sludge adhere to the anode and only
break away therefrom in chunks of such size
as to sink to the bottom of the tank? It is
equally manifest that other questions of similar
scope still remain unanswered after the unpre-
meditated deposition of sulphur in thin films of
nickel for decorative or protective purposes is
known. In fact, Spencer in his article in The
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Metal Industry, London, January 22, 1937, on
page 143, under the sub-title “Heat Treatment”
clearly points out why electrolytic nickel would
be unsatisfactory for use as anodes. Spencer
states

“The pure nickel used in industry in the United’
States is supplied in the form of electrodeposited -

plates or sheets about one-fourth inch in thick-
ness and cut up in squares of suitable size. It
has the typical structure of such deposits in that

_ it consists of groupings of parallel elongated

crystals, their size and shape apparently being

- dependent on the uniformity or non-uniformity

15

20

30

50

55

60

65

70

75

of the electric current, composition of the solu-
tion, temperature, and other such factors. Any
change in these will alter the rate of deposition
and the crystal size. If the current is stopped,
metal deposition will cease, and re-solution of
nickel from the cathode may occur, or copper or
other metal impurities in the solution may de-

posit by immersion, with formation of a film of -

oxides or basic salts on the surface. When depo-
sition is resumed, a new.layer of crystals of ‘dif-
ferent orientation will be formed, probably with
weak -adherence to the underlying metal. This
is one reason why cathode sheet nickel would be
unsatisfactory for use as anodes.

* * = L] * L *

“s » » Because of the internal stresses de-

veloped in deposition, it should be more easily
attacked by the solution than annealed or heat-
treated metal. On the other hand, since the
stresses probably are not uniform throughout the
piece, the corrosion would be uneven, and an un-
desirable amount of anode scrap would be formed
with a considerable quantity of loose metallic

‘particles which would interfers with smooth plat-
: --seem, therefore, that cathode

be-given a slight annealing treat-
er:to relieve such stresses and produce
as uniform in grain size as possible.

.. Froni"a commereial point of view it is question-
~‘able whether the cost of depositing such an anode

and annealing it would be low enough to make
it economically practicable.”

While no organization officially has agreed
upon the specifications with which nickel anodes
must comply to be acceptable by the trade; there
is general agreement among not only the users
of nickel anodes, but also the producers thereof,
regarding'certain characteristics which s nickel
anode must have to be acceptable by the trade.
Thus, it is‘agreed that a nickel anode should
have a high degree of purity and be substantially
free from or at least only contain a practical
minimum of those elements, such as copper,
manganese, iron and zinec, which enter the bath
and are plated on the article together with the
nickel. It is claimed that an amount of copper
and/or iron above a certain percentage in a
nickel electrodeposit will cause dark streaks.

‘PFurthermore, the presence of manganese is con-

sidered to be highly detrimental in that it is con-
sidered to affect the corrosion resistance of the
nickel deposit adversely. Thus, some experts in

the art specify that an anode shall contaln less .

than 0.005 per cent manganese.

In addition, the anode should be soluble in
the bath under the plating conditions used and
have a high anode efficiency which means that
the pH of the electrolyte can be easily main-
tained. In maintaining the operating pH of a

nicke] electroplating bath. it is always desirable
to do this by adding sulphuric acid to the bath
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to bring the pH down to the level required rather
than adding basic salts, such as nickel hydrate
or carbonate, to raise the pH. In order that
the condition of gradually rising pH shall exist
during the plating operation, anode efficiency
must be slightly higher than the cathode effi-
ciency.

In addition a nickel anode must dissolve with

a minimum amount of sludge remaining and the .

nature of the sludge should be such that all of it
can be retained by an anode bag. If bags are not
being used, the sludge should adhere to the anode
and build up in sufficient thickness in order to
entrap any small particles of loose metallics
which may come from the anode. Furthermore,
when a layer of sludge does drop off, it should be
dense and heavy so that it immediately sinks to
the bottom of the plating tank. However, in all
first class plating shops the injurious effect on
the deposit, which can readily be caused by par-
ticles of metallics and sludge, is recognized. Con-
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sequently, all types of anodes are bagged and at )

the same time the electrolyte is continuously or
intermittently filtered through a filter medium

with the result that the electrolyte is practically ¢

free from suspended madtter.

The art has agreed that a nickel anode should
dissolve in such a manner that practically no
metallic particles are evolved since it has defi-
nitely been proven that these metallic particles
can cause rough work. The commercial import-
ance of percentages of loose nickel is perhaps bet-
ter realized when it is appreciated that certain
large purchasers of nickel anodes have purchased
anodes on 4 specification of .a maximum loose
_ nickel of 0.04 per cent of the total weight of anode
dissolved.

A nickel anode should dissolve smoothly and
uniformly, baving a good appearance throughout
the corrosion period. If the anode does not cor-
rode smoothly in all probability an undesirable
amount of loose nickel is being set free at the
anode since these two phenomena are closely as-
sociated with each other. -

It is recognized in the plating mdustry that
various compositions of anodes have definite pH
limits of smooth corrosioni. Above these limits

the anodes cease to corrode smoothly and uni--

formly. In many instances they become covered
with & soft, spongy, metallic “hide” or “skin” on

30

35

40

45

50

the surface or the metal may remain hard and -

firm but selective corrosion takes place, causing

furrows or grooves in the anode face. The pH at -

which the surface becomes rough or spongy has
been defined as the “upper limit of smooth cor-
rosion” or its “activity limit.”

A nickel anode should he free from metallurgi-,

b5

cal defects, such as longitudinal or transverse '

cracks, commonly termed “fire cracks,” and slag
pockets or gas holes.

During the normal corrosion of the anode it
has been found that the areas around such de-
fects corrode at. a slightly higher rate than the
body of the anode with the result that the bar
may corrode completely through at these spots,
causing an unused section to fall to the bottom
of the tank. Therefore, since it is highly desir-
able and economical to have as little scrap loss
as possible, the anode bars should be free of such
defects mentioned above.

Likewise, a nickel anode should have a size and
shape so that a maximum amount of surface is
exposed and at the same time require only a small
amount of tank space. Tre shape and size should
also be such as to be easily handled and to be
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3
attached to the anode bus bar by means of anode
hooks, For the above reasons the elliptical shape
of the anodes now being used in the trade is
pretty much standardized. By this shape it is
possible to produce a section which contains
about one pound of nickel per linear inch.

There are three main types of anodes being
used in large tonnages in the plating industry
today.
“depolarized,” both 99 per cent plus, which are
elliptical in shape and are of such a section that

"the welght is approximately one pound per linear

inch, the 99 per cent plus cast carbon anodes '
which are also elliptical in Shape but have a
slightly larger cross section and weigh more than
one pound per inch, and electrolytic nickel
anodes.

PFinally, & nickel anode should have a good,
clean surface and be free from mechanical and
metallurgical defects in the “as purchased” con-
dition. The surface layer of an anode should be
prepared.either by pickling or “deskinning” (ac-
tivating) so that it hegins to dissolve immediately
when placed in the plating circuit. )

From the foregoing discussion it will be appre-
ciated that the desirable characteristics and the
characteristics of nickel anodes required by the
art are entirely different from the desirable and
required characteristics of protective and/or dec-
orative nickel electrodeposits. For these reasons,
nickel anodes for use in the production of pro-
tective and/or decorative nickel electroplate have
contained addition agents and have not been of
the highest nickel content possible.

While the art has recognized the advanta.ges
resulting from the incorporation:of small con-
trolled amounts of substances other than nickel
in nickel anodes, for example, oxygen, copper,
sulphur, silicon etc., on the other hand, in the
production of electrolytic nickel anodes in the
past, every attempt has been made to exclude
from the cathode deposit all elements except
nickel and cobalt. This has resulted in an elec-
trolytic nickel which, with the years, has become
purer until today electrolytic nickel has a purity
greater than 99.80% (nickel plus cobalt) and is
devoid of sulphur. Therefore, a problem con-
fronted the experts in the art, to wit: the incor-
poration of sulphur in electrodeposited nickel
anodes without recourse to additional steps of
melting electrolytic nickel, adding sulphur to the
molten nickel and casting a sulphur-containing
nicke] ingot suitable for reduction to anodes. In
other words, if sulphur could be incorporated
directly in an electrolytic nickel anode during -
the deposition of the nickel, a more economic
process for producing active nickel anodes, hav-
ing good corrosion and satisfactory sludge char-
acteristics would be achieved.

T have discovered that sulphur can be incor-
porated in an electrolytic nickel anode during
the deposition of the nickel.

‘Tt is an object of the present invention to pro-
vide a means for producing electro]ytic nickel
containing sulphur.

It is another object of the present invention.
to provide a means for producing electrolytic
nickel containing sulphur within critical limits.

The present invention also contemplates a
novel nickel electrolyte from which nickel con-
taining sulphur can be electrodeposited. -

It is a further object of the present invention
to provide electrolytic nickel sanodes containing
sulphur within critical limits.

Other objects and advantages of the present

These are the rolled carbon and rolled .
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invention will become apparent from the follow-
ing description and drawing in which:

Figure 1 is a photomicrograph of a transverse
section of conventional electrolytic nickel and

Figure 2 is a photomicrograph of a transverse
section of novel sulphur-contalmng actlve elec-
trolytic nickel.

In its broadest aspect the present invention
contemplates incorpcrating in the usual or con-
ventional or standard or other electrolytic bath
for the production of electrolytically deposited
nickel anodes, i. e., cathode-nickel anodes, an
electrolyte soluble substance containing sulphur
which during the electrodeposition of nickel will
deposit sulphur with the nickel. While the par-
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ticular form in which sulphur must be present

in a nickel anode to provide the good corrosion
and activity during subsequent electroplating is
not generally known, I have found that certain
sulphur-containing materials give satisfactory
results whereas others do not. Thus, for exam-
ple, among the inorganic sulphur-containing
compounds which are ineffective is sodium pyro-
sulphate. On the other hand, sodium thicsul-
phate is effective. Among the organic substances
which are ineffective although containing sul-
phur, are trional and sulphonal while among the
effective materials are thio-urea, methylene blue
and others.

From my investigations it would appear that

the conditions under which the electrodeposition’

is carried out has a bearing upon the amount of
sulphur which is deposited together with the
nickel. For example, nickel deposited at low
pH and high current density from an electrolyte
containing sodium sulphite contains no sulphur
whereas nickel deposited at high pH and low
current density from an electrolyte containing
sodium sulphite contains about 0.015% .sulphur.
On the other hand, nickel electrodeposited at low
. pH and high cathode currént density and nickel
electrodeposited at high pH and low cathode cur-
rent density -from nickel electrolytes containing

sodium pyrosulphate contain practically no sul-’

phur and corroded unsatisfactorily at pH 4.0
(quinhydrone). When a deposit containing
0.015% sulphur such as that obtained from an
electrolyte containing sodium sulphite is cor-
roded under standard testing conditions at-a pH
of about 4.0 as determined by the quinhydrone
electrode the corrosion is unsatisfactory. Nickel
deposited at low pH and high current density
from an electrolyte eontaining sodium bisulphite
contained about 0.11% sulphur whereas nickel
deposited from a similar electrolyte at high pH
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and low current density contained no sulphur

and in both cases, the corrosion of the nickel
ancde thus produced was poor. In contrast to
the foregoing, nickel deposits made from a bath
containing sodium thiosulphate and deposited at
low pH and high current density or high pH and
low current density both contained sulphur and
corroded anodically in a satisfactory manner.
Thus it will be seen that sulphur is not deposited
with equal facility from all sulphur containing
inorganic materials. Nor is the mere presence
of sulphur an assurance that the nickel deposit
containing the sulphur will corrode anodically in
a satisfactory manner.

It would appear that the activity at a high pH
such as pH 4.0 (quinhydrone) is dependent not
so much upon the presence of sulphur but upon
the presence of at least a critical amount. Thus,
during these investigations it has appeared that
in order to have a good activity at high pH such
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as pH 5.5 (quinhydrone) it is necessary to have
a minimum sulphur content in the cathode nickel
anodes of at least about 0.011% and a maximum
sulphur content in the cathode nickel anodes
of about 0.05 to about 0.06%.

IMlustrative of sulphur-containing compounds
which may be employed for the purpose of intro-
ducing into cathode nickel sufficient sulphur to
ensure that the cathode nickel when employed
as anode for electroplating for protective and
decorative purposes at high pH such as pH 5.5
(quinhydrone) will have good activity are 5 types
of sulphur-containing compounds. These sul-

_phur compounds may be classified as (1) sul-

phonamides or substituted sulphonamides having
the type formula
0

I
R—8S~NH;

where R is an aromatic radical such as that of
benzene and its homologues and naphthalene and
its homologues., (2) thio-urea and substituted
thio-urea having the basic structure

< 1

N—C—-N/

/ AN
(3) phenthiazine compounds such as methylene
blue having the basic structure

(?/ \Q./ \(}/ \Q

¢ ¢ (&) ¢
\/\/\/

(4) thiosulphates having a. structure consldered
to be

such as sodium thiosulphate and (5) dithiophos- -
phates considered to have the hasic structure

R—O /s
\P/

R—-O/ \S—M
(where R is a cyclic radical such as the cresol
or phenol radical or where R may be an alicyclic
radical) and M is an alkali metal such as the
dithiophosphates well known to the art of con-
centrating minerals by flotation. These phos-
phorus and sulphur containing addition agents
may be prepared from substances containing a
hydroxyl group, such as alcohols or phenols or
from substances containing carboxyl groups
(—COOH) the aldehyde group, (—COH) or the
ketone group, (—CO).
. In the preparation of cathode nickel contain-
ing sulphur for direct use as anode in the electro-
deposition of nickel for protective and/or decora-
tive purposes it has been found that ¢ factors, to~
wit: concentration of sulphur-containing addi- -
tion compound, cathode current density, pH of
the bath and temperature; influence the amount -
of sulphur deposited with the cathode nickel.
Of course, solubility of the sulphur-bearing addi-

‘tion agent in the electrolyte also has an effect

upon the amount of sulphur introduced into the
cathode nickel. Furthermore, when the sulphur-.
bearing addition agent forms:insoluble precipi-
tates or an oily reaction product with the con=
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‘gtituents of the electroplating bath, unsatisfac-
tory results are usually obtained. Thus, when in-
soluble reaction products or oily reaction prod-
ucts are formed with the constituents of the bath
in some instances these reaction products mi-
grate to the cathode and the cathode nickel thus

produced may be very rough and porous due to -

the presence of the precipitated reaction prod-
ucts in the electrolyte.

The four factors enumerated above affect the
sulphur content of cathode nickel when deposited
from a bath_containing a sulphonamide or sub-
stituted sulphonamide generally as follows:

The sulphur content of the cathode nickel in-

. creases first rather rapidly with the concentration
until the concentration of soluble sulphonamide
in the electrolyte reaches a value of about 0.35
gram per liter. Thereafter the sulphur content
of the cathode nickel increases quite slowly with
increased concentration of sulphonamide. The
sulphur content of cathode nickel is affected neg-
ligibly by the cathode current density when this
class of sulphur. bearing compound is employed.
'The sulphur content of cathode nickel varies with
the pH being high at low pH and low at high pH
when sulphonamides or substituted.sulphonam-
ides are employed. Inthepresence of sulphonam-
ides or substituted sulphonamides the sulphur
content of cathode nickel increases with decrease
in temperature. The foregoing is clearly evident
from the following tabulations: .

EFFECT OF CONCENTRATION OF SULPHUR-BEARING

ADDITION AGENT (SULPHONAMIDES OR SUBSTI-

TUTED SULPHONAMIDES) -

CONDITIONS.—DH, 2.5 (quinhydroue). Cathode current density,
30 amperes per square foot. Temperature, 45° C. '

Concentration Activity. of
of sulphur- | Per cent sul- cathode
bearing addi- | phur in cath-| nickel at pH
tion agent, in { ode nickel | 5.5 (quinhy-
grams per liter ‘drone)
0.05 0.012 - Passive
0.15 0.034 Fair
0.356 0.042 . Good
0. 50 0.045 QGood
1.00 0.047 Good

Errect or CURRENT DENSITY

ConpiTIONs.—pH, 2.5 - (quinhydrone).

Temperature, 45° .C.
Concentration of e ’

sulphur bearing addition compound, 1.00 gram
per liter. . - I
Act%\}rxi:g of
.Current den- | Per cent sul- | SB:2908
sity (amperes | phur in cath- ni%eé g.t_
square foot) ode nickel ‘(’ in-
i ’ hy%.rone) .
10 0.045 Good
30 0.047 Good
50 0.049 Good

EFFECT OF VARIATION OoF PH

CONDITIONS.—Cathode current density, 30 amperes per square
foot. Temperature,45° C. Concentration of sulphur bearing addition
agent 1.00 gram per liter. . . :

. Activityof
pH (quin- r{;]e‘;: cent sul- caﬂ%od%néc:el

N Ath-|  at DH o,
hydrone) ode nickel - K ouin-
E drone)

2.0 0.068 Good

2.5 0.047 Good

4.0 0.035 - Fair

5.3 0.025 Pasmsive
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L.ow pPH—HIGH CURRENT DENSITY

CoNprmons.—Low pH, pH 2.5.- High current density, 30 amperes
g&squam foot. Temperature, 45° C. Concentration of sulpbur-
ing addition agent, 0.25 grams per liter of electrolyte. F! ating

time, 48 hours.

. Activity of

T, | s

Sulphur bearing addition sgent . S m%hgtrie DH°5.gt

. nickel (31[11!1—

hydrone).
Para toluene sulphonamide. ... R 0. 040 ‘Good
Ortho toluene sulphonamide. .. ...~ 0.044 Good
Dichloramine T (ortho or para toluene sul- 0.011 |- Fair

phondichloramine)!. .

Benzene sulfonamide. .. ... iocoouoooon 0.057 . .Good

1 Dichloramine T has a low solubility.in solutions of low pﬁ.

HicH PH—LOowW CURRENT DENSITY

CONDITIO&S.—DH; 5.5 (quinhydrone). Cathode current density,
. 15 amperes per'square foot. Temperature, 46° C. Concentration
of sulphur-bearing addition agent, 0.25. gran per liter. Plating
time, 100 hours: . .
Pext']eent .AcﬁHvig}I5
Sulphur-bearing addition agent s‘glihgﬁ ;n a(fnpx iy
: nickel drone)
Para toluene sulphonamide._. . .ccooovemoon 0.029 Good
Ortho toluene sulphonamide . ... 0.020 Good
Dichloramine T (ortho or para toluen: 0.032 Good
sulphondichloramine).
‘Benzene sulphonamide. ... .occoacmaeraeunn 9.036 Good

35

" sity, 38 amperes per squarefoot.
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EFFECT OF VARIATION IN TEMPERATURE

ConpiTioNs.—pH, 2.5 (quinh droﬁe). Cathode current. den-
Ter 9 v Concentration of sulphur-bearing
addition agent, 1.00 gram per liter. .

Activity of
Percent
Tempera- { - sulphur in ,’;‘;‘&’3"&
ture, ° C. cathode pH 5.5 (quin-
nickel _hydtone)
30 0.068 Very good
15 0.047 Good

The sulphur content of cathode: nickel pro-
duced in an electrolyte containing thio-urea or
substituted thio-urea varies (1) _substantially
linearly with the concentration of sulphur hear-
ing addition compound; (2) with the current
density. The sulphur content of cathode nickel
increases slightly with increased pH and with
decrease in temperature when thio-urea or sub-
stituted thio-urea is employed.

EFrECT OF VARIATION IN CONCENTRATION OF
SULPHUR BEARING ADDITION AGENT

ConprTions.—pH, 2.5 (quinhydrone). Cathode current density
30 amperes per square foot. ‘Temperature, 5° C.

o |
thiourea cathode
per liter nickel

0.05 &%gg
0.10

0.15 0. 300
0.20 0.410
0.25 Q.495




EFFECT OF VARIATION IN CURRENT DENSITY

ConpiTIoNs.—pH, 2.5 (quinhydrone). Temperature, 50° C.

Concentration of thio-urea, 0.10 gram per liter.

Current Percent
density, sulphur in

smperes per cathode

square foot nickel

10 0.422

30 0.172

50 0.300

EFFECT OF VARIATIONS IN PH

Connrtions.~pH, 2.5 (quinhydrone). Cathode current density,
30 amperes per square foot. Temperature, 50° C. Concentration
of thio-urea, 0.10 gram per liter.

Percent
sulphur in
cathode
nickel

pH (quin-
hydrone)

il
o oren
o
]
N

- EFFECT OF VARIATION IN TEMPERATURE

ConpiTioNs.—pH, 2.5 (quinhydrone). Cathode current density,
30 smperes per square foot. Concentration of thio-urea, 0.10 gram

per liter.
Percent
Tempera~ sulphur in
ture, ° C. cathode
nickel .
30 0. 225
50 0.172

The sulphur content of cathode nickel electro-
deposited in baths containing substituted phen-
thiazine compounds such as methylene blue (1)
varies. directly with the concentration of the
phenthiazine compound; (2) decreases with in-
crease of cathode current density; (3) increases
~ slightly with increase or decrease of pH from a
. n;edia_n PH and increases with a rise in temper-
ature.

EFFECT OF VARIATION IN CONCENTRATION OF
SULPHUR-BEARING ADDITION AGENT

CONDITIONS.—DH, -2.5 (quinhydrone). Cathode current density
30 amperes per square foot. Temperature, 40° C.

C‘ﬁgg’g{“’ Per. cent

Methylene sulphur in

Blue,grams | cathode

. per liter nickel
0.05 0.022
0.10 0.034
0.15 0. 055
0.20 0.070
0.25 0.083

EFFECT OF VARIATION IN CATHODE CURRENT DENSITY

ConpITioNs.—pH, 2.5 (quinhydrone). Tem ture, 40° C.
_Concentration of Methylene B]im,y 0.25 gr)am per Et?erf © ’
Cathode cur-|{ Percent
rent density, | sulphurin
amperes per cathode
square foot nickel
10 " 0.115
30 0.083
0.074

40
Concentra- A
tion of thio- | EeRCPE
sulphate in ca%hode
Brams per nickel
45 0.05 0. 040
0.10 0. 081
0.15 0. 104
0.20 0.128
0.25 0.142
50
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EFFECT OF VARIATION IN PH

Conbprrions.—Cathode current density, .30 amperes per square
foot. Temperature, 40° C. Concentration of Methylene Blue,

0.25 gram per liter.
5
- Percent
pH (quin- sulphur in
hydrone) cathode
nickel
10 1.8 0.098
2.6 0.083
4.2 0. 081 -
5,6 - 0,111
EFFECT OF VARIATION IN TEMPERATURE
15 .
ConpITioNs.—pH, 2.5 (quinhydrone). Cathode current density
30 amperes per square foot. Concentration of Methylene Blue,
0.25 gram per liter. . .
Per cent
20 Tempera- | sulpburin
’ ture, ° C. cathode
nickel
198 0.048
40 0.083
25

3. Addition agent 'c_rystallized out in part from the colder solution,
The sulphur content of cathode nickel pro-
duced in ‘electrolytes containing sodium thiosul-
phdte (1) varies directly with the concentration,

‘30- (2) is slightly affected by cathode current den-

sity, (3) varies considerably with high or low pH
from a median pH, and (4) increases slightly with'
decrease in temperature.

'35  EFFECT OF VARIATION IN CONCENTRATION OF
SULPHUR-BEARING ADDITION AGENT

ConprTioNs.—pH, 2.5 (quinhydrone). Cathode current density,
30 amperes per square foot. Temperature, 40° C.

EFFECT OF VARIATION IN CURRENT DENSITY

ConprmioNs.—pH, 2.5 (quinhydrone). Temperature, 40°C.
Concentration of thiosulphate, 0.10 gram per liter.

55 Current Per cent
density in | sulphur and
amperes per cathode
square foot nickel
10 0.127
30 0.081
60 50 _0.101

EFFECT OF VARIATION IN PH

ConprTIoNs.—Cathode cun'ent'density, 30 amperes per square
85 foot. Temperature, 40° C. Concentration of thiosulphate, 0.10

gram per liter.
Percent
%H (quin- | sulphurin
ydrone) cathode
70 ckel
1.9 0.139
2.5 0.081
4.0 0. 060
5.5 0.116

(]
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E¥FECT OF VARIATION IN TEMPERATURE

Coxni'nons.—pﬂ, 2.5 (quinhydrone). Cathode current density,
0 smperﬁl per square foot. Concentration of thiosuiphate,. 0.10

gram per liter.
) Percent
Tempera- sulphur in
ture, ° C. cathode
nickel-
20 0.092
40 0.081

The sulphur content of cathode nickel pro-
duced in electrolytes containing soluble dithio-
phosphates (1) varies directly with the concen-
tration of the dithiophosphate; (2) decreases
with increase of cathode current density; (3)
increases with increase in pH; (4) increases with
temperatures. :

Errect OF VARIATION IN CONCENTRATION OF
ADDITION AGENT

Coxprrions.—pH, 2.6 (quinhydrone). Cathode current density,
30 amperes per square foot. - Temperature, 40° C.

Concentra-
tion of di-
pophos, | por contsul- | PRt
phur in ca-
. cresol . | thode nickel in cathode
phate), grams
per liter
0.05 0.010 0.006
0.10 0.034. 0.010-
0.15 0.052 0.030 .
0.20 . 0. 062 - 0.037.
0.25 0.002 0.048

EI'FECT OF VARIATION IN CATHODE CURRENT DENSITY

CoxprTioNs.—pH, - 2.6 (quinhydrone). Temperature, 40° C°
Concentration of dithiophosphate, 0.20 gram per liter. ’

Cathode cur- ’
Percent Percent
rle;lggensrig sulphur in | phosphorus
e | ~cathode | in cathode
per 54 nickel nickel
foot
10 0. 089 0.076
30 0.062 - 0.037
50 0.058 0.049

- EFFECT OF VARIATION IN PH
ConprTioNs.—Cathéde current density, 30 amperes per square foot.

Temperature, 40° C. Concentration of dithiophosphate, 0.20 gram '
per liter.
. Percent Percent
pH (quin- | sulphurin | phosphorus
hydroue) cathode in cathode
nickel _ nickel
L7 0.054 0.050
2.6 0.062 - 0.037
4.1 0.068 0.042
5.5 - 0.088 0.060

EFFECT OF VARIATION IN TEMPERATURE

Ooxnﬂious.—pn, 2.6 (quinhydrone). . Cathode current'density,
30 amperes per square foot. Concentration of dithiophosphate,

0.20 gram per liter.
' Per cent -
Temper- | Per cent sul- h
ature, ghur in ca- ‘;E%’&hgﬁ':
°C. ‘thode nickel nickel
21 0.050 0. 056
40 0.062 0.037

The preferred operating conditions for each
of the foregoing classes. of sulphur-bearing addi-
tion compounds are summarized in the following
tabulations: ’

B3

4

- Sulphonamides and substituted sulphonamides.

pH~-—about 2.0 to about 2.5 (quinhydrone)

Current density—about 10 to about 50 amperes
per square foot

Temperature—ahout 25° C..to about 40° C.

. Concentration of sulphonamide—about 1.00 gram

10

20

25

30

]
<t

40

o

60

70

per liter
Thio-urea and substituted thio-ureas .

pH—about 2.2 to about 3.0 (quinhydrone)

Current density—about 10 to about 50 amperes
per square foot '

Temperature—about 30° to about 50° C.- .

Concentration of sulphur-bearing addition com-
pound—about 0.02 to about 0.10 gram per liter

Substituted p_henthidzine addition agenis
pH—about 2.5 to about 4.5 (quinhydrone)

.Current density—about 10 to about 50 amperes

per square foot
Temperature—about 30 to about 50° C.
Concentration of substituted phenthiazine com- -
pound—about 0.10 to about 0.20 gram per liter

Thiosulphate addition agents

pH—about 2.5 to about 4.5 (quinhydrone)

Current, density—about 10 to about 50 amperes
‘per square foot

Temperature—about 20° C. to about 50° C.

Concentration of thiosulphate—about 0.10 to

about 0.20 gram per liter :
Dithiophospha_te addition agents

pH—about 1.7 to about 5.5 (quinhydrone)

Current density—about 10 to ebout 50 amperes
per square foot

Temperature—about 20° to about 40° C.

Concentration of dithiophosphate—about
about 0.25 gram per liter

PFrom the foregoing it will be appreciated that
sulphur-bearing cathodic nickel can be electro-
deposited from conventional nickel electrolytes

0.10 to

_sueh as electrolytes containing about 84 grams of

nickel per liter, about 13 to 14 grams of chloride
per liter and about 14 to 15 grams of boric acid
per liter and containing about 0.2 of a gram to
_about 1 gram per liter of sulphur-bearing electro-
lyte soluble compound. The electrodeposition of
the novel sulphur-bearing cathodic nickel can be
carried out at a pH of about 1.7 to about 5.5 at a
temperature of about 20 to about 50° C. at a
current density of about 10 to about 50 amperes
per square foot. ) .
It would appear that the sulphur present in
the électrolytically produced nickel anode should
"be present in the anode principally in the sul-
phide form. I have found that it would appear
that those anodes which have satisfactory activity
at high pH [pH 4.0 (Q) and abovel when analyzed
for total sulphur by the acid evolution method
contain sulphur in the sulphide form. That is
to say for example, the total sulphur as deter-
mined as barium sulphate was 0.045% and the sul-
phur determined by acid evolution was 0.041 to
0.045%. It would appear from these results that
all, or practically all the suirnur of the electro-
Iytically produced nickel znodes was in sulphide
form. These anodes had satisfactory activity at
PH 4(Q) and above, corroded smoothly and pro-
duced small amounts of sludge containing small
amounts ‘of metallic nickel. Ccnsequently, such
anodes are acceptable to the trade from all tech-
nical considerations.- _
. The novel sulphur-bearing cathodic nickel or
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electrolytic nickel produced in accordance with .

the foregoing disclosure has a novel microstruc-
ture which readily enables experts in the art to

differentiate this novel sulphur-containing.elec-

trolytic nickel from conventional: sulphur-free
electrolytic nickel. The difference in microstruc-
ture can be readily discerned by study of the
drawing, Figs. 1-and 2. Figure 1 is a reproduc-
tion of a photomicrograph of conventional sul-
phur-free electrolytic or cathodic nickel electro-
deposited under the customary and conventional
conditions of electrolytic recovery of nickel. The
photomicrograph of Fig. 1. was taken at 2 mag-
nification of 500 diameters of a transverse section
“of regular conventional sulphur-free electrolytic

or cathodic nickel and is a typical specimen of

regular or conventional sulphur-free electrolytic
nickel. Fig. 2 is a reproduction of a photomicro-
graph taken at 500 diameters magnification of a
transverse section of the novel active sulphur-
bearing electrolytic or cathodic nickel, and is
typical‘of the novel active sulphur-bearing elec-
trolytic: nickel produced in accordance with the
foregoing . disclosure. 3

The regular or conventional sulphur-free elec-

trolytic or cathodic nickel was electrodeposited
from s bath containing about 40 grams per liter
of nickel, about 35 grams per liter of Na>SOs and
about 20 grams per liter of boric acid at a pH of
about 5.0(Q) at a temperature of about 57° C.
and a current density of about 12 amperes per
square foot. :

The novel active sulphur-bearing electrolytic
or cathodic nickel of Figure 2 can be produced
in an electrolyte having about the same composi-
tion as the foregoing, but containing about 1
gram per liter of ortho benzoyl sulphonamide.
The novel active sulphur-bearing cathodic nickel
of Figure 2 had the following analysis:

Sulphur _._________. About 0. 030% as sulphide
Copper . ___ . _____ About 0. 026 9%

Iron o ___ About 0. 045%
Cobalt_______________ About 0. 489%

Niekel ______________ Balance

In other words, the novel active sulphur-bear-
Ing cathodic nickel produced in accordance with
the foregoing disclosure contains about -0.0309%
. sulphur principally as the sulphide and the bal-
ance principally nickel except for a small amount
of cobalt and incidental impurities. A typical
analysis of conventional or regular sulphur-free
electrolytic or cathodic nickel is as follows:

_______________ per cent__ 0, 0025 to 0. 01

Carbon.___________________ None .
Iron . _____________ per cent__ Traceto0. 01
Manganese _.__.________________ None -
Sulphur--_._.__________ . . ____ Trace
Nickel including incidental

amounts of cobalt___________ _ Balance

A comparison of Figs, 1 and 2 makes manifest

the differences in microstructure which exist be-
tween regular sulphur-free electrolytic nickel and
the novel gactive sulphur-bearing - electrolytic
nickel of the present invention. In Fig. 2 the

bresence of large amounts of nickel sulphide is

plainly revealed and the photomicrograph shows
that ¢he nickel sulphide is mainly concentrated
in the grain boundaries. There is no analogous
-structure discernible in the reproduction of the
photomicrograph of a regular sulphur-free elec-
trolytic nickel provided in Fig. 2. Thus, an in-~
spection of the microstructure of the novel active
sulphur-bearing electrolytic nickel of the pres-

[}
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ent invention provides a ready means for distin-
guishing this novel sulphur-bearing electrolytic
nickel from conventional sulphur-free electro-
Iytic nickel. _

As illustrative of the manner in which my novel
electrolytic nickel anodes containing stilphur may
be produced, the following typical examples of
the electrolyte, quantities of addition agents and

* the operating conditions under which such sul-

phur-containing electrolytic nickel anodes may be
produced are provided in the following illustrative
examples.

: : ExAMPLE I

The anodes were deposited from a bath sub-
stantially equivalent to the conventional electro-
lyte commonly employed in the industry for this
That is to say, an electrolyte was em-
ployed containing about 84.46 grams per liter of
nickel, about 13.85 grams per liter of chloride,
and about 14.96 grams per liter of boric acid.
In other words, the electrolyte contained a source
of nickel, an anode corroding agent and a buffer.
When an insoluble anode is used the anode cor-
roding agent need not be present. Under such
conditions conventional salts such as sodium sul-

phate may be incorporated to increase the con- -

ductivity of the electrolyte. To this electrolyte -
was added about 0.25 gram per liter of the sul-
phur-containing addition agent, in this instance
sodium thiosulphate. The distance from the
anode to the cathode was about 2 inches. ‘The
temperature during electrodeposition was be-
tween about 40 and about 45° C. A low pH of
about 1.8 to about 3.0 was employed and the elec-
trolyte was agitated by an air lift' pump. An an-
ode current density of 8 amperes per square foot
and a high cathode current density of 27 amperes
per square foot was employed. An electrodeposit
of nickel weighing about 130 grams was obtained.
Upon testing this cathodic nickel as an anode at
a pH of about 4.0, it was found that this cathodic
nickel deposited from a bath containing sodium
thiosulphate had satisfactory activity and satis-
factory corrosion characteristics. Corrosion at pH
5.5 (Q) showed that after 18 hours the metal of
the anode was still hard and firm, the anode had
satisfactory activity and satisfactory corrosion
properties. The anode produced cathodically in
the bath containing sodium thiosulphate con-
tained about 0.11% of sulphur practically all of
which was present in s form reacting with HCI o

form H:S,

60

85

70

76

EXAMPLE II

From the standard or conventional electrolyte
containing about 0.25 gram per liter of ortho-
benzoyl-sulphonimide a deposit of about 116
grams of cathodic nickel was obtained after a
run of about 46 hours. The pH of the electrolyte
during this period of electrodeposition was about
1.9 to about 2.6. An anode current density of
about 8 amperes per square foot and a cathode
current density of about 27 amperes per square
foot were employed. From the foregoing it will
be seen that the electrolytic nickel anode thus
produced was produced under conditions of low
PH and high current density. This cathodic
nickel was then corroded as an anode at a pH of
about 4.0 (Q) at a temperature of about 40 to
45° C. at an anode current density -of about 15
amperes per square foot and a cathode current
density of about 4 amperes per square foot in an
electrolyte containing 81.70 grams per liter of
nickel, 13.12 grams per liter of chloride and 40.10
grams per liter of boric acid. The pH during the



2,392,708

corrosion ranged from 4.0 to 4.3 (Q) and the
anode lost about 38 grams during a corrosion of
about 22 hours. The surface of the anode was
covered completely with a thin black film of
sludge. The anodic metal was hard and firm at
all points. The corrosion of the face of the an-
ode was smooth and the anode was highly active.
From all technical considerations this anode was
highly satisfactory. This anode likewise was
tested for corrosion characteristics in a hot Watts
type test solution having a pH of abnut 5.5 (Q)
at the initiation of the corrosion. After 22 hours
of corrosion the anode was still active, was com-

10

pletely covered with a thin black film of sludge,

the metal was hard and firm at all points and the
corrosion of the face was smooth. Thus, this
anode is considered to be highly active at high
pH’s above pH 4.0 (Q). The sulphur content of
this anode was 0.054%. -

ExaMmpLE IIT

In the same electrolyte and under the same con-
ditions as set forth hereinbefore in Example 1,
an electrolytic anode was prepared from a stand-
ard electrolyte containing about 0.25.gram per
liter of phenthiazine compound, to wit: Methylene
blue in the form. of its chloride. The pH of the
electrolyte containing methylene blue was 1.8
at the start of the electrodeposition. After 18
hours of electrodeposition the pH of the electro-
lyte had risen to 2.3.
electrodeposition, the pH had risen to 2.6. A
small amount of sulphuric acid was added to lower

the pH and after a further 16 hours of electro- .

deposition, the pH of the electrolyte was 3.5. )
Upon corroding the cathodic nickel produced
by electrodeposition from a standard electrolyte
containing about 0.25 gram per liter of methylene
_blue as its chloride initially for 22 hours as an
anode, inspection of the corroded anode showed
that the surface was dark all over and the activity

of the anode good. Cathodic nickel produced in .

the bath containing methylene blue was then
‘corroded in a hot Watts type electrolyte having
a PH of about 5.5 (Q) at the start of the corro-
sion. After 22 hours of corrosion, the anode was
.covered with sludge but was still active. It is
manifest therefore, that cathodic nickel electro-
deposited from an electrolyte, containing meth-
ylene blue has good activity and is satisfactory
for use as an anode in the electrodeposition of
protective, decorative or utilitarian films of
nickel. The electrodeposited nickel produced in
the bath containing methylene blue contained
about 0.104% suiphur.

ExAMPLE IV

A second anode was prepared by cathodic depo-
sition of nickel from a standard electrolyte con-
taining 0.25 gram per liter of methylene blue.
‘The cathodic nickel so obtained contained about
0.023 gram of sulphur present principally as the
sulphide. This cathodic nickel upon corrosion at
pH 4.0 and pH 5.5 (Q) made it manifest that
such cathodic nickel is suitable for use as plating
anodes in the deposition of protective, decorative
and/or utilitarian films of nickel. This second
methylene blue anode had good activity, satis-
factory corrosion and only produced amounts
of sludge which are acceptable to the art.

EXAMPLE V

The same standard electrolyte was employed
as employed in Example 1 to which was added

15

20

25
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nickel so produced was corroded at about pH
4.0 (Q) employing an anode current density of
about 15 amperes per square foot. The anode
was conipletely covered with a thin black film of
sludge indicating uniform corrosion. A similar
portion of cathodic nickel produced from a bath
containing 0.25 gram per liter of thio-urea was -
likewise tested for activity at pH 5.5 (Q). After
18 hours the metal was still hard and firm. The
anode had corroded uniformly and was com-
pletely covered with a black sludge. Thus it is
apparent that cathodic nickel produced by elec-
trodeposition from standard electrolytes contain-
ing 0.25 gram of thio-urea per liter initially give
satisfactory results when employed as anodes at
high pH’s, such as pH 4 and above. The afore-
said anode contained 0.46% sulphur, practically
all of which was present in form reacting with
HCI to produce H2S.

EXAMPLE VI

Cathodic nickel was deposited under the afore-
described conditions at low pH and high current
density from a standard electrolyte containing
initially about 0.25 gram of a dithiophosphate
sold under the trade name of “Sodium Aerofloat.”

- The cathodic nickel thus produced when corroded

30

After 8 hours further -
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anodically at pH’s 4.0 and 5.5 (Q) showed good
activity and highly satisfactory corrosion char-
acteristics. The sulphur content of this anode
was about 0.175 and the sulphpr was present
principally as a sulphide. The phosphorus con-
tent of this anode was about 0.103.

Other ‘massive deposits suitable for use as
anodes and corroding very satisfactorily at high
pH such as 5.5 (Q) were obtained from a standard -
nickel electrolyte containing a dithiophosphate.
An anode produced at high pH and low current
density contained about 0.30% sulphur, about
0.133% phosphorus and corroded very satisfac-
torily at pH 5.5 (Q). ’

ExAMPLE VII

Cathodic nickel for use as an anode in nickel
electroplating baths both for the deposition of
common gray hickel and “bright” nickel may be
depocsited from conventional nickel electrolytes
containing initially. about 0.25 gram per liter
of “Thioflavine S.” As those skilled in the art
know, “Thioflavine S” is a methyl derivative of -
sulphonated primuline, and usually comes on the
market as the sodium salt of the sulphonate.
When cathodic nickel produced in a bath con-
taining thioflavine S is corroded anocdically at
pH’s 4.0 and 5.5 (Q), it is manifest that such
metal is suitable for use as anode in nickel elec-.
troplating. This nickel is active at both pH 4.0
and 5.5 and the anode becomes covered with a
black sludge. )

Similar sulphur-containing materials derived
from dehydro-thio-para-toluidine such as thio-
flavine T may likewise be employed with equally
satisfactory results. The anode produced cathod-
ically in the bath containing thioflavine S con-
tained about 0.078% copper and about 0.033%
sulphur, the sulphur being present principally as
a sulphide.

The anodes produced as described hereinbefore
had a thickness of about 0.2 centimeter or, in
other words, about 0.08 inch. As those skilled in
the art will readily understand, such deposits are
many times the thickness of the average film of
nickel deposited for protective, decorative and/or

025 gram per liter of thio-urea. The cathodic 18 ytilitarian - purposes, and considerably thicker
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than even the thickest films produced by the
prior art for protective, decorative and/or utili-
tarian purposes. In general, cathodic . nickel
. suitable for use as anodes in plating conventional
gray nickel or in electrodepositing “bright” nickel
may be produced employing standard nickel elec-
trolytes as the basic bath and operating at pHs
of about 1.5 to about 6.0(Q), at anode current
densities of about 3.0 to about 100 amperes per
square foot and cathode current densities of
about 5.0 to about 100 amperes per square foot.
The electrodeposition of such cathodic nickel may
be carried out at temperatures of about 20° P. to
about 200° F., preferably with agitation of the
electrolyte.

From the foregoing, those skilled in the art will
appreciate that in distinet contrast to the thin
foil-like films conventional in nickel electroplat~
ing for protective, decorative and/or utilitarian
purposes, by the process of the present invention
it is possible to produce massive deposits of elec-
-trolytic nickel containing sulphur. As a result
thereof, it is now possible to provide the art with
active cathode nickel anodes containing sulphur
or containing sulphur and copper which corrode
satisfactorily with production of small amounts
of sludge containing small amounts of metallics

10
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ExAmerr ITL :
Constituents Percent
Carbon —— _— 0.02
Iron v Trace
Manganese  a oo ~~ Trace
Silicon _._.. Trace
Sulphur .__ 0.104
COPPEr e About 0.0025 to about 0.03

Nickel including incidental amounts of
. cobalt _ - Balance

I have found that sulphur-bearing electrolytic
nickel having the composition given hereinafter
is suitable for electroplating anodes.

Carbon Trace to about 0.02
_Iron ‘Trace
Manganese" Trace
Bilicon Trace
Sulphur. e~ About 0.007 to about 0.11
[00) 1) o7 USRI About 0.0025 to about 0.03
Nickel including incidental amounts of cobalt...
Balance

25

and having good or excellent activity in electro- -

plating baths of high pH. In other words, the
conventional process for producing nickel anodes
comprising producing electrolytic nickel substan-
tially devoid of sulphur, melting the electrolytic
nickel and adding sulphur to the molten nickel
and finally casting the nickel containing sulphur
as an ingot from which nickel anodes may be
produced is no longer necessary, since it is now
possible by means of the present invention to pro-

30

35

duce cathode nickel containing sulphur or cath- -

ode nickel containing copper and sulphur directly
in the electro-recovering bath,

It is of interest that even those anodes pro-
duced from electrolytes containing such organic
compounds as thio-urea, methylene blue, thio-
flavine §- orthobenzoyl sulphonimide, or dithio-
phosphates are substantially devoid of carbon.
This fact, coupled with the fact that the sulphur
in the novel anodes of the present invention is
present principally in the sulphide form is _indic-
ative that the sulphur is combined with the 'metal

of the anode probably as a nickel or copper sul-'

phide or as both.
The composition of the novel anodes is illus-
. trated by the following examples:

ExamprE 1
Percent
None
Trace
Trace
Trace

Constituents
‘Carbon
Iron
Manganese
Silicon
Sulphur ___ About 0.11
Copper About 0.0025 to about 0.02
Nickel including incidental amounts of

cobalt i

Constituents
Carbon
Iron
Manganese
- Silicon
‘Sulphur - - 0.054
Copper About 0.0025 to about 0.03

. Nickel including incidental amounts of
cobalt

0.01
Trace

Trace

_____________

Balance.

45

55

60

“fore, may contain up to about 0.1% copper.

85

Percent .

70

Balance 15

However, I prefer to employ & novel sulphur-
containmg electrolytic nickel having the compo-
sition given hereinafter for plating anodes:

Carbon Trace
Iron Trace
Manganese . Trace
Silicon . Trace
Sulphure oo __ About 0.030 to about 0.050
Copper About 0.010
Nickel including incidental amounts of cobalt__
‘Balance

In the foregoing tabulation when the term “trace”
is employed, I mean not more than -about 0.01%
iron, 0.005% manganese, and about 0.01% silicon.

It is to be understood that this disclosure is
not to be limited to the exact details shown-and
described for obvious modifications will occur to
those skilled in the art.

Thus, the term dithiophosphates is to be un-
derstood - to include those phosphorus and sul-
phur-containing organic substances which - are
included in the type formula.

Ri0O_ - /s
\'P/ )
R;O/ \SNa

where R1 and Rz may be the hydrocarbon residues
of aliphatic alcohols, carboxylic acids, aldehydes
and ketones as well as the hydroca.rbon residues
of such members of the aromatic series as cresols,
xylenols, naphthols and the like. It is likewise
to be understood that as the sulphur content of
the electrolyte decreases during the deposition of
the electrolytic nickel containing sulphur, fur- .
ther amounts of the sulphur~-containing addition
agent as defined hereinbefore may be added to
the fundamental nickel electrolyte if desirable.
Furthermore, electrolytic nickel anodes as pro-
duced under the conditions described hereinbe-
m R
addition, the term electrolyte soluble as applied
to sulphur-bearing substances suitable for use in
the aforedescribed process means sulphur-bear-
ing compounds which are soluble in the electro-
lyte at the pH at which electrodeposition of the
cathodic nickel takes place. As a further means

‘of deflning the electrolyte soluble sulphur-bear-

ing substances suitable for use in fhe aforede-
scribed process, the reduction potential at unit
activity may be employed. That is to say, elec-

‘trolyte soluble sulphur-bearing substances capa-
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ble of lonizing to sulphur-containing radicals
having a reduction potential to hydrogen sulphide
at unit activity of not more than that of thio-
sulphate, for example, not more than about 0.64

volt may be employed. Moreover, while the pres-

ent invention has been described in conjunction
with conventional nickel electrolytes containing
a source of nickel, an anode corroding agent and
a buffer for use in conjunction with nickel anodes,
those skilled in the art will appreciate that when
insoluble anodes are employed and the electrolyte
is the sole source of nickel, an anode corroding
agent is not incorporated in the bath. Similarly,
a suitable electrolyte is one containing about 40
‘to about 84 grams of nickel per liter in the form
of electrolyte-soluble nickel salt.

A process for . electrolytically producing nickel
electroplating anodes containing sulphur is dis-
closed in the co-pending apphcatlon Serial No.
295,255, .

Iclaim:

1. A bath suitable for the electro-deposition of
nickel anodes at least about 0.08 inch thick and
containing sulphur within the range of 0.007 to
0.117% which comprises an aqueous electrolyte
comprising essentially nickel iors, sulphate ions,
chloride ions, borate ions and about 0.05 to 0.25
gram per liter of alkali metal thiosulphate_ said
bath having a pH of about 1.5 to 6.0 and ¥eing
characterized by having the thiosulphate content

11

taining sulphur which comprises immersing an
anode and a starting sheet as cathode in an aque-
ous electrolyte comprising essentially nickel ions,
sulphate ions, chloride ions, borate ions and about
0.05 to 0.25 gram per liter of alkali metal thio- -

- sulphate, said electrolyte being characterized by
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of the entire bath present solely as alkali metal -

thiosulphate. ,

2. A bath suitable for the electro-deposition of
nijckel electro-plating anodes at least about 0.08
inch thick and containing sulphur within the
range of 0.007 to 0.11% which comprises an aque-
ous electrolyte comprising essentially nickel ions,
sulphate ions, chloride ions, borate jons and about
0.05 to 0.25 gram per liter of alkali metal thio-
sulphate, said hath having a pH of about 1.9 to
5.5 and characterized by having the thiosulphate
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content of the entire bath present solely as alkali -

metal thiosulphate.

3. A bath suitable for.the electro-deposltion of
nickel anodes at least about 0.08 inch thick and
containing sulphur within the range of 0.007 to
0.11% which comprises an aqueous electrolyte
comprising essentially nickel ions, sulphate ions,
chloride ions, borate ions and about 0.1 to 0.2
gram per liter of sodium thiosulphate, said bath
having a pH of about 2.5 to 4.5 and characterized
by having the thiosulphate content of the entire
bath present solely as sodium thiosulphate. )

4. A process for producing nickel anodes con-
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having the thiosulphate content thereof present
solely as alkali metal thiosulphate, maintaining
said electrolyte at pH of about 1.5 to 6.0, and pass-
ing electric current at a cathode current density

~of about 5 to 100 amperes per square foot between

said anode and cathode until a cathodic electro-
deposit at least about 0.08 inch thick and contain-
ing about 0.007 to 0.11% sulphur is obtained, said
cathodic electro-deposit being suitable in the as-
deposited condition for subsequent use as an
anode.

5. A process for producing nickel anodes con-
taining sulphiir which comprises 1mmers1ng an
anode and a starting sheet as cathode in an aque-
ous electrolyte comprising-essentially nickel ions,
sulphate ions, chloride ions, borate ions and about
0.05 to 0.25 gram per liter of alkali metal thio-
sulphate, maintaining said bath at pH of about
1.9 t0.5.5; and passing electric current at a cath-
ode current density of about 10 to about 50 am-'
pveres per square foot between said anode and
cathode until a cathodic electro-deposit at least
about 0.08 inch thick and containing about 0.007
to 0.11% sulphur is obtained, said cathodic elec-
tro-deposit being suitable in the as-deposited con-
dition for subsequent use as an anode.

6. The process as set forth in claim 4 wherein
the alkali thiosulphate is sodium thiosulphate.

7. The process as set forth in claim 5 wherein -
the alkali metal thiosulphate is sodium thiosul-

- phate.

8. A process for producing ankel anodes con-.
taining sulphur which comprises immersing an

‘anode'and & starting sheet as cathode in an aque-

ous electrolyte comprising essentially nickel jons,
sulphate ions, chloride ions, borate jons and about
0.1 to 0.2 gram per liter of sodium thiosulphate,
maintaining said bath at pH of about 2.5 to 4.5,
and passing electric current at a cathode current
density of about 10 to 50 amperes per square foot
between said anode and cathode until a cathodic
electro-deposit at least about 0.08 inch thick and
containing about 0.007 to 0.11% sulphur is ob-
tained, said cathodic electro-deposit being suit- .
able in the as-deposited condition for subsequent

use &s an anode.
HARRY EDWIN TSCHOP.



