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The present invention relates in general to

. electrodeposition of metals, and has for an ob-
ject: to produce homogeneous deposits  of iron

and nickel alloy not substantially exceeding 5%

5 nickel. :

Another object of the invention is to produce

deposits of iron and nickel not substantially ex-

ceeding 5% nickel alloyed in definite proportions,

1. e, in the proportions in which these metals

10 are present in the-soiution ‘from which the de-
posits are produced,. . o :

" 8till another object of the invention is to pro-
duce deposits of iron and nickel alloy not sub-
stantially exceeding 5% nickel in ductile form,

15 1. e, in & form which can :
" the electrolyte without prior annealing,

In accordance with the
objects are attained by the use of an electrolyte
having several important operating - character-

£0 istics, all of which winl hereinafter appear.

The deposits produced
besides their homogeneity, ductility, and capabii-
ity of production in definite' proportions of iron
and nickel, are of a. sultable crystal structure

26 that will firmly adhere
necessary in building

Up worn machine parts,

and may be satisfactorily produced on aluminum,-

aluminum alloys, cast iron, zine, zine alloys, lead,

. lead alloys, steel, copper, brass, and graphite or
30 carbon surfeces, for the purpose of electroform-
. Ing and for use as a base for other types of plat-
ing. Moreover, they may be satisfactorily pro-
duced for electroforming of tubes, cylinders or
other parts requiring high tensile strength, de-

85 posits containing as much gs 5% nickel being
permitted by the invention. .

In accordance with the process of the present
invention, iron and nickel alloy not substantially

exceeding 5% nitkel is electrodeposited through

40 & heated solution of ferrous sulphate and nickel
sulphate, in which solution hydrofiuoric acid and

sodium fivoride are both bresent,  Preferably the .

hydrofluoric acid is formed in situ by causing

part of the sodium fluoride to react with sulphuric
being also formed by the

45 acld, sodlum sulphate ;
reaction shown in the following equation:

HaB0¢4-2NaF=NaaS04 - 2EF

In preparing the solution, ferrous sulphate and
50 nickel sulphate are employed in. such. relative

quantities as to cause the ratio of nickel to fron to, -

be the same as in the desired alloy not substan-

tially exceeding 5%. nickel to be deposited. . 'The -

quantity of hydrofiuoric acid to be either added
5 or formed in situ should be such as to cause the

be machined as it leaves
invention, the above -

from this electrolyte, -

to the base metal asg iz

(CL 204—2)

solution to be operated at a pH not exceeding
5.0, preferably at a DH between 3.0 and 5.0. The
‘quantity of sodium fluoride should be such as-to
cause the solution to be substantially saturated
. therewith. Por producing the hydrofiuoric acid
In situ, the sodium fluoride should be in excess

- of the quantity required for its reaction (with sul-

phuric acid), the. excess being such as to en-
able such saturation to be obtained. =
The preferred temperature of operation of the
solution is substantially 70° centigrade, above
which the solution need not be heated for its
. 8atisfactory operation, maximum solubility of
. ferrous sulphate being reached at 70° centigrade.
Preferably, ferrous sulphate should be em-
"ployed in quantity sufficlent to bring the solu-
tion, at the temperature of operation, to & specific
gravity of substantially 1.25 (referred to water
at 20° centigrade). Analysis of the iron content
of the solution is then made, and nickel sulphate
is added in the amount corresponding to the de-

sired alloy not substantially exceeding 5% nickel

to be deposited, the usual amount added being
-such as to produce an alloy of from 3% to 5%
nickel, which range conforms with specifications
for nickel steel of high tensile strength. At the
stated
sponding to a
to water at 20°
fluoride and approximately 2 cubic centimeters
. of concentrated sulphurie acid - (66° Baumé),
both per litre of
factory for producing the’ hydrofluoric acid in
site. With- the sodium fiuoride and sulphuric
acid employed in ‘such amounts, the hydrofluoric

specific gravity of 1.25 (referred

-acid formed by reaction is the principal agent ef-

fecting anode corroslon during electrolysis. That
Is, it-4s the hydrofluoric acld, and not so much
the sulphuric acid, which causes the iron and
nickel at the anodes to pass into solution. The
sodium fluoride and sulphuric acid shouid both be

added prior to the ferrous sulphate and nickel

' sulphate, ,
If the nickel content of the solution does not
exceed the limit permitted by the invention (cor-
_responding to an alloy not substantiglly exceed-

. ing 5% nickel), iron and nickél are deposited

at the cathode substantially in the same ratio as
these metals occur in the solution. This is

- deemed one of the important aspects of the in- .

vention and has been found to be due to the use
of hydrofiuoric acld and sodium fluoride in the
solution, particularly when that acid. is formed
in sftu, It is quite possible that a complex salt
of fron

preferred solution concentration corre--

centigrade), 26 grams of sodium -

water, have been found satis-.

(ferrous fluorosulphate) and a complex |
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salt of nickel (nickel fluorosulphate) are pro-
duced in the solution, which salts may act to
effect the equalization of the cathode potentials
with respect to the iron and nickel in solution,
enabling these metals to be deposited in any ratio

of nickel to iron desired no greater than the limit '

contemplated by the {nvention (corresponding to
an alloy not substantially exceeding 5% nickel).
Another important feature of the invention re-
sides in the stated preferred solution concentra-
tion corresponding to & specific gravity of 1.25
(referred to water at 20° centigrade), which con-
centration is exceptionally high and is made pos-
sible essentially by the high activity of fiuorine,
which prevents passivity at the anodes. At this
concentration, it has been found that the osmotic
pressure in the solution is such as to insure its
most satisfactory operation. Substantially con-
stant conditions are maintained in the solution,
secondary anode corrosion being reduced to &
minimum. That is, little iron and nickel are dis-
solved at the anode when the solution is not in
service, and little iron and nickel over the
amounts necessary to produce the deposit at the
cathode are dissolved under operating conditions.
This even and quantitative solution at the anodes
at a concentration corresponding
gravity of 1.25 (referred to water
grade) acts to
concentration.
The stated preferred solution concentration
corresponding to 8 specific gravity of 1.25 (re-
ferred to water at 20° centigrade) is a critical
value. Thus, if at the temperature of operation
the concentration of the solution is reduced to,
say, the degree corresponding to a specific gravity
of 1.2 (referred to water at 20° centigrade), the
osmotic pressure is correspondingly ‘reduced toa
point where too rapid anode corrosion takes place,
thereby causing rapid changes in the acidity of
the solution, which in turn not only necessitates

at 20° centi-
maintain the sclution at that

-pH meastrements at short intervals, but also ex-
- erts a detrimental effect on the ductility of the

deposit. If, on the other hand, at the tempera-
ture of operation the concentration of the solu-
tion is increased to, say, the degree corresponding

to the specific gravity of 1.3 (referred to water at .

20° centigrade), the osmotic pressure is increased
to a point where all anode corrosion substantially
ceases, which not only increases the acidity of
the solution, but also lowers the cathode effi-
clency or rate of deposit at the cathode, the de-
posét here again heing adversely affected in char-
acter. : : :

At the stated preferred golution concentration
corresponding to a specific gravity of 1.25 (re-
ferred to water at 20° centigrade), the large
amount of ferrous sulphate in the solution renders
it. extremely conductive to electric current. The
solution mey thus be satisfactorily operated em-
ploying current densities as high as from 15 to 30
amperes per square decimeter. -At these high
current densities the rate of deposit is considera-

b ' “tree-.., o
ly accelerated, and the tendency toward “tree-.. .iaqc centigrade),

solution at that concentration. Another factor is

ing” or rough deposits is considerably reduced,
which is especially desirable when thick deposits
are being produced.
high current densities, variation in rate of de-
posit is effectively prevented because of the sub-
stantially constant conditions maintained in the

solution. It has been found that as the propor-

tion .of sodlum fluoride is increased above 28
grams per litre, the solubility of the ferrous sul-
phate is correspondingly reduced, which has the

- pecause of the use of
to a specific

. a current density of 30 amperes

“purities of course

_quality of

. erating at a solution

Moreover, even at those

-that co!
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- effect of diminishing the range of current densi-

ties that may be satisfactorily employed.
Because of the presence of hydrofiuoric acid in
the solution, any ferric salt with which the fer-
rous sulphate employed may have been contami-
nated, is immediately dissolved by reduction to
the ferrous state, and during electrolysis any
ferric salt which, because of oxidation of ferrous
iron, may tend to precipitate out of the solution,
is also reduced to the ferrous state, whereby the
solution is maintained clear at all times. Hither-
to the precipitation of basic iron salts has been

. the source of considerable difficulty- in some elec-

trolytes, Thus, these insoluble salts, if allowed to
accumulate in the solution, cause rough deposits,
as well as inclusions.in such deposits, and must
therefore be removed as tast as they are formed,
as by continuously circulating the electrolyte
through a suitable filter. Not only is the solution
of the invention free from suspended particles

and sediment at any time, but the necessity of

" continuous filtration is entirely eliminated.

As already stated, the solution of the invention
is preferably operated at 8 pH ranging between 3.0
and 5.0. These low acidities are made possible
hydrofluoric acid as the
active aclid reagent, complex ions being formed
in .the solution, And they may be used even
when high densities of current are passed through
the solution. Satisfactory deposits have thus
been obtained from electrolytes operated within
the preferred range of pH values specified and &t
per square deci-
meter. .

Several advantages are obtained as a result of
the low acidity values of the solution which may
be employed. One advantage is that the amount
at the cathode 15 reduced
prevents the formation of

brittle deposits normsally eaused by absorption of

hydrogen. Another. advantage is that
expensive diaphragins, such as asbestos bags or
specially made porous pots, which has hitherto
been required for collecting the insoluble impuri-
ties, such as graphitic carbon, from the anodes,
is eliminated. That is, simple canvas bags may
be used to enclose the anodes, the collected im-
settling to the bottom of such
bags so that they in no way hinder anode corro-
sion, Moreover, the use of elaborate ventilating
systems and of expensive containers for contain-

the use of

ing the solution is also eliminated.

It is well known that the pH of an electrolyte
is apt to changedue to varying anodic conditions
or other causes, such as accidental contamination
with alkali or acid, and that such changes have
a marked effect on the current efficlency and the
the deposl
there being
several factors contributing to this effect. One
factor has already been stated, namely, the even
and quentitative solution at the anodes when op-
concentration correspond-
ing to & specific gravity of 1.25 (referred to water
which factor maintains the

the action of the sodium fiuoride in the solution.
That is, the sodium fuoride acts as & buffer salt
controlling the pH of the solution against any
great variation due to any cause. It is tc be par-
ticularly noted, however, that this buffer action
is almost entirely eliminated in solutions having
s degree of concentration appreciably less than

rresponding to a specific gravity of 1.25
(referred to water at 20° centigrade) .
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In the practice of the invention, it has been

found that, due to the fact that the iron. and

nickel in the-anodes is completely dissolved, pe- -

riodic. cleaning of the anodes is unnecessary,

there being no formation of insoluble coatings on

their active surfaces. X :

The following procedure mdy be followed for
Producing an iron and nickel deposit not substan-
tially exceeding 5% nickel in accordance with the
invention: o g PR

A lead-lined tank suitably equipped with heat-

ing facilities is filled approximately three-quar-

ters full of water, which water is.heated to a tem-
perature of 70° centigrade. The precalculated
amount of sodium fluoride, in the proportion of

25 grams per litre of water, is then added to the -

watér and dissolved therein; and, for the purpose
of forming hydrofiuoric acid, there is ‘admixed
with the resulting solution an amount of concen-
trated sulphuric acid (66° Baumé) precalculated
In the approximate proportion of 2 cubic centi-
meters per litre of water. Bags of ferrous  sul-.
phate are then suspended in the solution and are
maintained therein until sufficient- ferrous. sul-
phate has heen dissolved to bring the specific
gravity of the solution to 1.25 (referred-to water
at 20° centigrade), at the temperature af 70° cen-
tigrade. Upon removal of the ferrous sulphate
bags, the solution is analyzed for its iron content,
and the required amount of nickel sulphate based
on this analysis is added to cause the ratio of

nickel to iron in the solution to be the same as in

the desired alloy not substantially exceeding 5%
nickel to be deposited. Thereafter, iron and
nickel anodes each containing these metals in the
broper ratio of nickel to iron (also the same as in
the desired alloy not substantially exceeding 5%
are suspended in the so-
lution, canvas bags being employed to- enclose
the anodes. The object or objects to be electro-

- Plated are likewise operatively positioned in the

solution; and, at the temperature of 70° centi-

. 8rade, the anode and cathode terminal bars are

- 45

in

connected to an electroplating generator of suit-
able capacity, .

order to determine whether it is necessary to
&dd so-called addition reagents to correct the so-
lution to the pH value desired. That is, an acidic

correcting substance should be added if the acid-

ity of the solution is to be increased,. and an
alkaline correcting substance should be added it

. the acidity of the solution is to be decreased. By

55

70

this means, if necessary, the PH of the solution
is- preferably adjusted to substantially 34, as
measured by colorimetric methods, this PH value
having been found most satisfactory when the
solution is operated at the temperature of 70°
centigrade and the specific grevity_of 1.25 (re-
ferred to water at 20° centigrade).

Sulphuric acid may be used as the acidic cor-
recting substance, and sodium or ammonium hy-
droxide as the alkaline correcting substance. As
to the current demsity which may be employed,
15 amperes per square decimeter will produce sat-

Isfactory deposits of iron and nickel alloy not sub-.

stantially exceeding 5% nickel for building up
worn machine parts and for electroforming.
When it is necessary to employ correcting sub-

stances, it has been found that if they are added

. Yo the. solution by merely pouring them into the

(]

‘tank, they do not mix satisfactorily, thereby caus-

ing a detrimenta] localized condition to exist un-
til the solutionis stirred thoroughly. . This dim-
culty can be overcome by employing a lead pipe

for adding the correcting substances to the so-
lution, in which pipe perforations have been pro-
vided at regular intervals. This pipe is placed in
the corner ¢f the tank, and is so formed as to
also extend along the bottom of the tank.. When
the correcting substances are poured through the
upper end of the pipe, they are distributed
through the perforations at several points in the
solution, which insures- their mixing with the so-
lution before coming in contact with the object or

objects being electroplated. This method of add-

3 .

ing the correcting substances eliminates the ne- '

cessity of removing the object or objects being

electroplated for the purpose of adjusting the -

solution. :

Whereas the electrodeposition of iron and nick-

el alloy according to the. process of the present

16 -

invention has been herein described as being car-

ried out from anodes each containing both iron
and nickel, it is understood that the iron may

‘be deposited from separate anodes confaining

fron, and the nickel from sgparate anodes con-
taining nickel.

of the solution substantially constant by adding
nickel sulphate thereto at regular intervals, or to
employ nickel anodes only and maintain the iron

20

Moreover, it is possible to employ . -
iron anodes only and maintain the nickel content -

25

content of the solution substantially constant by
adding ferrous sulphate thereto at regular inter-

vals, - Still another possibility would be to em-
ploy non-corrosive electrodes as the anodes, the
fron and nickel contents of the solution being

tion of both ferrous sulphate and nickel sulphate
at regular intervals, ' L '
.None of the procedures .described in detail
should be interpreted as limiting the. invention,
these procedures being capable of being modified

In many ways without departing from its spirit. .
.. What is claimed is: -

" . 1. The process of electrolytically depositing iron

and nickel alloy not substantially exceeding 5%

"‘nickel, which comprises electroplating through a.
_heated solution of iron and nickel salts consisting

: ~of ferrous sulphate and nickel sulphate, said solu-
A pH test of the solution should then be made

tion containing hydrofluoric acid and sodium

fluoride, the relative quantities of ferrous sulphate -
.and nickel sulphate present in said solution being

such as to cause the ratio of nickel to iron pres-
ent in said solution to be the same as in the
desired - alloy not substantially _exceeding 5%
nickel to be deposited, the quantity of ferrous

* sulphate present in said solution being sufficient
to bring it at the temperature of operation to a -

specific gravity of substantially 1.25 referred to
water at 20° centigrade, the. quantity of hydro-
fluoric acid present in said solution being such as
to cause it to be operated at a pH not exceeding
5.0, and the quantity of sodium fluoride present
in said solution being such as to cause it to be
substantially saturated therewith, » e

2. The process of electrolytically depositing iron
and nickel alloy not substantially exceeding 5%
nickel, which comprises electroplating through a
heated solution of iron and nickel salts consisting
of ferrous sulphate and nickel sulphate, said
solution containing hydrofluoric acid formed by
reacting sodium fluoride and.
therein, the sodium fluoride being employed in
excess of the quantity required for the reaction,

tpe relative quantities. of ferrous sulphate and’
nickel sulphate present in said solution being -

such as to cause the ratio of nickel to iron present
In sald solution to be the same as in the desired
alloy not substantially exceeding 5% nickel to be

30

then maintained substantially constant by addi-
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deposited, the quantity of ferrous gsulphate pres-
ent in said solution being su:ﬂclent to bring it at
the temperature of operation to a specific gravity
of substantially 1.25 referred to water at.20°
cénﬁgra'de, the quantity of hydrofiuoric acid
formed in said solution beng such as to cause it
to be operated at a PH not exceeding 5.0, and
the excess of sodium fluoride present in said solu-
tion being such as to cause it to be substantially

‘saturated therewith.

3. The process of electrolytically depositing iron
dnd nickel alloy not substantially exceeding 5%

‘nickel, which comprises electroplating through a

heated solution formed by adding to water sodium
‘foride in the proportion of 25 grams per litre
of water; sulphuric acid in amount to form by
reaction with sodlum fluoride sufficient hydro-

 fluoric acid to cause the solution to be operated

. substantially

28

‘to be the same as

at & pH ranging between 3.0 and 5.0, ferrous sul-
‘phate in amount to bring the solution at the
témperature of operation to a specific gravity of
y 1.95 referred to water at 20° centi-
frade, and nickel sulphate in amount to cause
the ratio of nickel to iron present in the solution
in the alloy not substantially
exceeding 5% nickel to be deposited. -

" 4.The process of electrolytically depositing
fron and nickel alloy substantially not exceeding
8% nickel, which comprises electroplating through
a heated solution formed by adding to water so-

dium fluoride in the proportion of 25 grams per

litre of water, concentrated sulphuric acid sub-

- bring the solution

3,181,497
~ stantially in the

proportion of 2 cublc centi-
meters per litre vof water, ferrous sulphate in
amount to bring the solution at the temperature
of operation to & specific gravity of substantially
1.25 referred to water at 20° -centigrade, and
nickel sulphate in smount to cause the ratio of
nickel to iron present in the solution to he the
same as in the desired alloy not substantially

"exceeding 5% nickel to be deposited, sald solution

being maintained
substantially 3.4.

5. The proces of electrolytically depositing iron
and nickel alloy not substantially exceeding 5%
nickel, which comprises electroplating through &
heated solution formed by adding to water so-
dium fluoride in the proportion of 25 grams per
litre of water, concentrated sulphuric' acid sub-
stantially in the proportion of 2 cubic centimeters
per litre of water, ferrous sulphate in amount io
at the temperature of opera-
tion to a specific. gravity of 1.25 referred to water
at 20° centigrade, and nickel sulphate in amount
to cause the ratio of nickel fo iron present in the
solution to be the same as in the desired alloy
not substantially exceeding 5% nickel to be de-
posited, said solution being operated at & tem-
perature of substantially 70° centigrade, at a pH
ranging between 3.0 and 5.0, and at a current
density ranging between 15.and 30 amperes per
square decimeter, )

during operation. at a pH of

WILLIAM A, CROWDER.
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