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This invention relates to a process of eléc-
trodeposition, and more particularly to a
process for the production of metal articles
in the form of sheets and the like, which are
formed by electrodeposition on ‘a cathode,
the deposited material being removed there-
from by stripping when the deposit has
built up to the desired weight and thick-
ness. The invention further relates to an
improved type of cathode so formed as to
facilitate the stripping of the deposit there-
from. -

In the electro-forming of articles of cop-
per and other similar metals in which the
deposited layer is removed fromn the cathode,
which may be in the form of a starting sheet
or of a revolving drum, it is difficult to re-
move the deposited layer from the cathode
uporn the completion of the deposition with-
out injury. This is particularly true where
the deposit is in the form of a thin plate and
if the article formed by this deposition is to
‘have an irregular contour or surface pro-
duced by making use of a cathode of appro-
priate form, the difliculty of stripping is
greatly increased and in some instances it is
almost impossible to remove the deposit
without tearing or otherwise injuring it.
Many attempts have been made, heretofore,
to overcome these difficulties and many
schemes for treating the cathode to permit
the ready stripping of the deposit have been
suggested. - '

According to some.of these methods the
cathode is treated with a dilute solution of a
salt .of seleniumn, and it has also been pro-

osed to make use of a dilute tincture of
lodine, and -also wesk solutions of silver
nitrate. Other suggestions include apply-
ing a thin layer of graphite and also making
use of oils such as ordinary engine oil.
These various materials are applied to the
surface of the cathode prior to its insertion
in the electrolytic cell and the purpose of
each of these schemes is to interpose between
the deposit and the cathode a thin film of
material which prevents téo close an adhe-
.sion of the deposit to the cathode. These
several suggested methods, however, are open
to numerous objections, the principal objec-
-tion being that they do not wholly serve the
desired purpose- of -permitting .easy strip-
ping. In addition, many of the suggested
materials are expensive and, furthermore, it

is difficult to apply these materials so as to-

to
“cal

form g thin uniform coating over the sur-
face of the cathode. '
terials as those above mentioned frequently
prevents or makes extremely difficult the
deposition of 4 deposit of a uniform char-

‘acter and the sheet of:deposited material is

frequently full of pin holes and other small
imperfections which are a great detriment
when the deposit is unusually thin. The
occurrence of pin holes is not only objec-
tionable, but when a thin deposited layer is
being made and pin holes occur in it, when
the stripping operation is carried on, the

sheet to be stripped is further injured be-.

cause of tearing around the pin holes. Most
of' these materials also are not good con-
ductors and because of this characteristic
their- use involves increasing the resistance

of the cell and thereby adding to the expense-
of the deposition because .of the- larger.
amounts of power expended. For these va- .

rious reasons it has been difficult, heretofore,

Froduce thin sheets of metal electrolyti-
¥ by deposition on a cathode from which
the sheets are later to be stripped and, so far
as I am aware, there is no proposed method
for this purpose which is,
satisfactory.

" 1 have found that these several difficulties

in stripping may be overcome by applying
to the cathode a thin surface film of metal
other than that which is later to be deposited

for the formation of the articles. For the

best results this film should be quite thin
and_ preferably of a metal which has less
mechanical strength than the metal which is
to be. deposited thereon. - If the metal is
also one which has a relatively low melting
point in comparison to the metal of which
the.article is to be made, the stripping proc-
ess is greatly facilitated, as will presently be
described. - Also, it is desirable to make use
of a metal for this film which is substan-
tially inert to the electrolyte in which the
cathode is to be introduced, or, if not wholly
inert, the metal in the film should react with

the electrolyte to produce a thin, uniform

and adherent film of the metallic salt. It is
highly desirable. that the metal in the film
should be in such a form that it has a erys-
talline structure and for this reason the ap-
plication of the film by electrodeposition is

*The use. of such ma-

in all respects’
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procedure: By such a process. a small
amount of the metal may be applied in a
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thin, uniform and continuous layer and but
little expense is involved on account of the
small amount of material which is used and
the small expenditure of power involved in
depositing this material. In the case of
electrodeposition of copper from a copper
sulphate electrolyte, as, for instance, in the
formation of sheets or other similar articles,
I have found that the metal which is-best
used for the surface film is lead applied to
the surface of the copper by electrolysis.
In order that the invention may be better
understood, I shall now make reference to
the accompanying drawings, in which—
Fig. 1 is a vertical cross-sectional view
of an electric gell in which the present in-

‘vention may be practiced, this cell being
‘shown convenfionally, and-

Fig. 2 is an enlarged view in section of a
portion of the cathode with the deposit
partially stripped therefrom. _

In these drawings the cell 3 may be of
any convenient form and is here shown as
provided with walls which are substantially

nert to the electrolyte 4. The cell contains

the usual anode 5, connected to the positive
terminal of a source of power and a cathode
6 connected to the negative terminal. -

The cathode 6 is ‘illustrated on an en-
larged scale in Fig. 2, and consists of a’body
or base 7 of any convenient material hav-
ing suitable electrical and mechanical prop-
erties. This cathode may have a smooth
surface if the deposit is to be made in.the
form of a sheet, or may be given an irregu-

having an irregular contour,-such as might
be formed bfﬁmmbossing. This cathode is
to receive a 8 of metal which facilitates
stripping, and one convenient metal for the
purpose is lead. The surface film of lead
may be-applied by electrodeposition in a
cell in which the electrolyte contains lead in
solution. The lead solution is preferably
one to which the material of which the
cathode body or base is inert, or at least
soluble only with-difficulty. If the cathode
is made of copper, for example, a solution
containing lead silica fluoride is satisfac-
tory, and preferably the solution is one in
which' the lead content is about 9%, -with
29% of hydrofluosilicic acid present. Solu-
tions containing lead salts, such as leadfluo-
borate and lead acetite can also be used,
and may be desirable also for use in con-
nection with the application of a lead film
on an iron cathode.
solution will depend to a large extent on
the character of the material of which the
cathode is made, and the selection will be
made with the object in view that the metal
of the cathode shall not be detrimentally
affected by this solution. _ :

With a copper cathode blank to be coated

in a solution containing lead and hydro-

The choice of the lead
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fluosilicic acid, as above stated, the deposi-
tion of the surface film can be carried on
with a small current density of from ten
to fifteen amperes per square foot, with a
resistance drop of one half a volt. The form
of the cell and the other conditions will, to
a large extent, depend on the size and
shape of the blank to be coated and the de-
position will be carried on until a thin film
1s produced. - A film of lead of a thickness
of .00025 inch is sufficient for ordinary
stripping purposes although a film having
a thickness as low as .0001 inch is capable
of use. I do not wish to be confined to this
lower limit of thickness, however, since I
have found that stripping is easily done
when the cathode receives a film which is al-
most infinitesimally thin. As to the upper
limit, this will be largely dictated by rea-
sons of economy, but- ordinarily will not ex-
ceed .001 inches in thickness. When a film
of the desired - thickness has been applied
to the cathode blank the latter is removed
from the cell and any adhering electrolyte
is washed from the surface. The blank is
now ready for use in the main electrolytic
process and is placed in the electrolytic cell
in the usual way. For the deposition of
copper. on the cathode over the surface film,
it 1s preferable to make use of an elec-
trolyte containing copper sulphate, and the
deposit of copper is built up to the desired
thickness, then the cathode with its de-
posit is removed from the cell, and the de-
posit may be easily stripped from the
cathode. TUpon the introduction of the
cathode with its lead film into the copper
sulphate solution there is formed a thin film
9 of lead sulphate which coats the stripping
film.. Over this film of the salt is de-

of salt is very thin, while the film of de-
posited metal may be of any desired thick-
ness. .
In the stripping operation a number of
methods may be used. For instance, it is
possible to strip the deposit from the sur-
face film simply by mechanical means, and
it is found that the deposit will part easily
from the cathode although parts of the thin
film of lead may stick to the surface of the
deposit as the latter is removed. Ordi-
narily this residual lead is not objection-
able but if necessary the stripped deposit
may be cleaned to remove it. Usually, how-
ever, the amount of lead which sticks to
the surface of the deposit is so small that
its presence is a matter of indifference.
Under certain conditions mechanical strip-
ping may be objectionable and it may be
necessary to resort to heat treatment to
facilitate the removal of the deposit.

For this purpose the cathode with its sur-
face film and the copper deposit thereover,
i heated and the application of the heat,
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which may be either by hot air, by flame, or l,

by steam, is confined as largely as possible
to the surface of the main deposit. This
application of heat causes this main deposit
to swell and expand and the deposit appears
to warp away from the cathode by reason
of the éxpansion. The lead is not material-
ly affected by the application of heat, al-
though in this warping the swelling of the
copper layer may cause some of the lead to
be removed from the cathode with it. If
desired, heat may be applied to the surface
of the cathode to a sufficient extent to melt
the lead film and the amount of heat re-
guired for this purpose is not sufficient or-
inarily to affect the copper deposit injuri-
ously. When the lead melts out from be-
tween the cathode and the deposit, the latter
Eode.. The ap-

plication of heat sufficient to cause the melt-
ing out of the lead layer may be carried on
either by the application of a flame or by
passing a heavy electric current through the
cathode. The heating effect of this current
will cause a rapid melting of the lead and
ordinarily without causing oxidation or dis-
coloration of the copper. ~After the copper
deposit has béen removed from the cathode
the latter is returned again to the lead bath
and another thin film of lead applied to the.

. surface thereof, whereupon the cathode is

35

again placed in the main electrolytic cell
and further deposition of copper produced.

While I have found that lead is the most
useful metal for application to the cathode
blank to facilitate the stripping of the de-
posit, by reason of .its easy application and

- “its low cost, which is an important factor in

10

* commercial practice, other metals may also_.

be used in place of lead. These metals
should preferably have a lower melting
point than the metal of which the: deposit
on the cathode is to be formed, so that the
stripping by means of the heat treatment
may be resorted to, if necessary. Also the

- metals which are used for the film should be

55
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of comparatively low mechanical strength,
since this also facilitates the stripping. In-
asmuch as a very thin film of the metal is
used on the cathode blank, it is desirable
that the metal employed should be substan-
tially inert to the electrolyte in the cell from
which the main deposit is to be made, since
otherwise the film might go 'into solution
before the deposition could take place upon
it. With this characteristic of inertness in
mind, the metal will be selected with refer-
ence to the electrolyte which is to be used in
the final deposition process and various

-metals will occur to the metallurgist as being
* ‘suitable for the purpose;: For instance, in’

the electrodeposition of copper from a cop-
per sulphate solution, silver could well be
used, in so far as the desired stripping result
is concerned, although the cost would or-

dinarily be prohibitive. -Zine, if sufficientl
pure, could also be used for the purpose, al-
though it is difficult to secure perfectly pure
zinc and if impurities occur in it local elec-
trolytic action sets in which causes the film
to be pitted, thus rendering it difficult to
make a perfect deposit over the film.

As copper is the metal which is handled
electrolytically probably to the greatest ex-
tent, undoubtedly lead will be most used for
the production of the film, and I have found
that lead is most satisfactory for the purpose
when applied by electrolytic methods. For
instance, I have made use of a lead sheet for
the cathode which was polished so as ap-
parently to be without surface imperfec-
tions and have then employed this lead sheet
as a cathode in an electrolytic cell, but this -
polished sheet of lead is by no means $o
satisfactory as a cathode of any suitable
type covered with a thin film of lead electro-
lytically deposited. This leads me to the
belief that it is the crystalline structure of
the electrolytically deposited -metal which
affords the vast advantages of this type of
film over those applied in other ways. I.
have found that lead applied by methods
other than electrolysis is useful “when the
stripping is to be carried on by the applica-
tion of heat, but for mechanical stripping,
which is, of course, much simpler and easier, -
the electrolytic lead is vastly superior to any
other form of the metal. ‘

A further important advantage in the use:
of the lead for this cathode film, especially
in connection with theelectrodeposition of
copper, resides: in the fact that the lead is
substantially inert to the electrolyte which
contains the copf)er sulphate usually em-
ployed in such electrolytic work. Lead is
not readily soluble in the free-sulphuric acid
which is present in the electrolyte, although
it is probable that a thin film of lead sul--
phate is formed. This thin film of the lead
salt is not detrimental, however, because it
anears to be continuous and uniform and -
closely adheres to. the surface of the lead
film. I have found that though a thin layer -
of electrolytically deposited iron might be
suitable so far as stripping is concerned, for
use in the surface film, it is not desirable
for ordinary purposes because of the.fact
that the copper deposit produced over it is
uneven and irregalar.  This appears to be
the result of the formation of sulphates of
iron which are formed immediately upon
contact of the iron film with the free acid in
the electrolyte. This film of iron salts is
powdery and does not adhere closely to the
surface of the cathode. Also, it does not ap-
%(’a_gi‘ to be of uniform thickness in spots.

en the deposition of copper oceurs over
the face of this film of iron salt” the sur-

face of the copper is irregular and.pitted.

and when a very thin layer of electrolytic -
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copper is to be produced these irregularities
are highly -objectionable since they may in-
terfere to such an.extent as to make it im-
possible to produce a perfectly continuous
layer of copper of the desired thickness.
Zinc is also objectionable in this -surface
film, especially in copper deposition, and

‘the results of these experiments have led

me to conclude that the surface film should
be applied to the cathode electrolytically
and should be made of a metal which is
substantially inert to the electrolyte from
which the main deposit is to be made over
the surface film, and which reacts with the
electrolyte from which the main deposit is
to be made, if at all, to produce a thin, con-
tinuous and uniform surface layer of the
salt of the acid contained in that electrolyte.

While the process of electrodeposition
which I have just described and which in-
volves the electrolytic deposition of a sur-
face film over the cathode applied to facili-
tate the stripping of the deposit, is of wide
application, 1 have found that it is of par-
ticular importance in the production of
starting sheets, such as are used in the elec-
trolytic refining of copper. In one method
of such refining, the crude metal as received
from the smeﬁer is cast in the form of
anodes which are inserted in electrolytic
cells. Thin starting sheets or cathodes are
employed and the metal is deposited from
the solution upon these starting sheets.
When the deposit has built up to the desired
sheet which is of re-
fined copper, and the deposit formed there-
on, are removed and may then be subjected
to the other succeeding operations in the
})roduction of copper in its commercial
orms, such as billets, bars, and the like. It
is common prattice, at present, to produce
these starting sheets by making use of
smooth copper blanks w{ich are placed in
electrolytic cells as cathodes. Deposition
is earried on until the deposit has a weight
of approximately one pound per square foot.
Then the blank is removed and the deposit
stripped from the surface thereof. This de-
posit is then. used as the cathode in thé main
electrolytic cell and eventually passes
through the successive commercial opera-
tions with the deposit formed thereon in
that main cell. It is quite difficult to pro-
duce these thin starting sheets by the
method described because of the diﬂi:ulty
of stripping them from the main blank, and

. while numerous schemes have been proposed
. for the purpose I have found that none of
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these suggested methods is wholly satisfac-
tory. However, the method of the present
invention overcomes the various difficulties
heretofore present and the smooth copper
blank is first treated with a thin layer of
electrolytically deposited lead and then the
starting sheet is deposited over the lead in

1,689,504

-the usual way. The amount of lead which

is employed 1n the film is so small that its
presence is not harmful in the refining oper-
ations but on occasion it may be necessary
to remove the adhering lead from the start-
ing sheet after it has been stripped from
the blank in order to insure that glere is not
sufficient lead remaining to interfere with
the refining of the copper. This removal
of the lead is a matter of no difficulty, how-
ever. -

In addition to the application of the pres-
ent invention to the production of starting
sheets, it is of course useful for many other

-purposes. It may be used for the produc-

tion of sheet copper either in the form of
plain. or corrugated sheets. These sheets
may be of any desired size, depending, of
course, on the size of the cathode which is
used for the purpose. Instead of producing
plain sheets, it is possible to produce sheets
or plates with ornamental surfaces, such as
are commonly used for building Eurposes.
In produting such material the cathode will
be suitably engraved or embossed, and the

‘presence of the film of lead makes it possible

to produce thin ornamental sheets, each of
which is perfect and not disfigured by pin
holes or tears. Because of the ease with
which the deposited layer of copper may be
removed from the cathode, it is possible to
use this method in the production of metal
foils which are of a much less thickness than
anything that it has heretofore been thOXﬁl(l,t
possible to produce by electrolysis. )
such foils may be produced at a cost which
is far less than the cost of production by
rolling methods. Other uses to which the
process may be put are the production of
radiators and tubes such, for instance, as are
now used in automobiles, and the production
of phonograph records.  Another use of the
invention is in the production of laminated
gaskets and shims. A laminated metal
product may be built up of alternate layers
of lead and copper to any desired thickness,
the copper enclosing and rotecting the lead.

It will thus be seen that I have devised
a process of electrodeposition and a cathode
for use in that process, which makes it f)os-
sible to produce metallic articles electrolyti-
cally of a thinness which was heretofore con-
sidered irlggossible. The additional step in
the electrodeposition, involving the applica-
tion of the metallic film to the cathode, is
simple and much less expensive than nu-

merous other expedients which have been

suggested for the purpose of permitting the
easy stripping of the deposit from the cath-
ode. By the use of electrolytic methods,
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this surface film which facilitates stripping,

may be produced without expensive equip-
ment and since the film which is used is ex-
tremely thin the time involved in its applica-
tion is very small. ,
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I claim: : : ' '

L. A process of electrodeposition which
comprises: electrolytically applying-to the
surface of a cathode blank, a thin film of
metal, electrodepositing another metal -over
the film and then stripping off the deposit
of the second metal while leaving the film
in place on the surface of the blank.

2. A process of electrodeposition which
comprises_electrolytically applying to the

. surface of a cathode blank, a thin film of

15

in place on the surface of the cathode blank.’
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metal of comparatively little mechanical
strength, electrodepositing over the film, an-
other metal of greater mechanical strength,
and then stripping off the deposit of the’
second metal while leaving the thin film

8. A process of electrodeposition which
comprises applying to the surface of a cath-
ode blank, a thin film of metal which is
substantially inert to the electrolyte in the
cell in which the cathode blank is to be
used, electrodepositing over the film the
metal from the said electrolyte and then
stripping off the deposit while leaving the

Im 1n place on the cathode blank. .

- 4.-A process of electrodeposition which
comprises applying to the surface of a cath-
ode blank, a thin film of a metal which is
not highly soluble in the electrolyte in the
cell in which the cathode blank is to be used
but which reacts therewith to .produce a
uniform closelv adherent film of the salt of

the metal, electrodepdsiting a layer of metal -

from the electrolyte over the film, and then
stripping off the deposited layer while leay-
ing the film in place on the surface of the
cathode blank. - '

5. A
comprises electrodepositing over the surface
of a cathode blank, a layer of a metal which
is not highly soluble in the electrolyte in
the cell in which the cathode blank is to be
used but which reacts therewith to produce
a uniform closely adherent film of the salt
of the metal, electrodepositing a layer of
meta] from the electrolyte over the film and
then stripping off the layer last deposited
while leaving the layer first deposited in
place on the surface of the blank.

6. A process of electrodeposition which
comprises introducing a cathode blank into
a cell containing in solution a metal which
is substantially inert to the electrolyte in &

cell in which the cathode is later to be used

" and depositing a thin film of the metal on

-the cathode, the solution containing the

" metal being one to which the material of

80
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- the cathode blank is substantially inert, then
inserting the coated cathode in the second

cell. electrodepositing over the film a deposit
of metal, and then stripping off the deposit
while leaving the film in position on the
cathode blank, ‘ : e

7. A process of electrodeposition which

c’oﬁxprises applying to the surface of a cath-

ode blank, a thin film of lead, electrode-

positing another metal over the film, and
then stripping the deposit from the surface
of the film while leaving the latter in place.

8. A process of “electrodeposition which
comprises electrodepositing a thin film of

~lead over the surface of a cathode blank,

electrodepositing another metal over the
film, and then stripping this second deposit
from the film while leaving the latter in
place on the blank. o

9. A process of electrodeposition which
comprises applying to the surface of a_cath-
ode blank a thin film of lead, electrodeposit-
ing a layer of copper over the lead, and then

stripping off the copper while leaving"the

latter in place.

70

(]

10. A process of eleétrodep'osition ‘which -

comprises electrodepositing a thin film of
lead over the surface of a cathode blank,
electrodepositing a layer of co per from a
copper sulphate solution over tge lead film,
and then stripping off the copper deposit
while leaving the latter in place. o

. 11. A process of electrodeposition - which

comprises applying to the surface of a eath- -
ode blank, a thin film of metal substantial- -

ly inert to an electrolyte containing copper
-sulphate and free acid, electrodepositing

copper from the electrolyte over the film,

&R

and then stripping off the deposited copper

while leaving the film in place.
12. A process of electrodeposition which
comprises electrodepositing over the sur-

100 -

face of a cathode blank, a thin film of metal ' ,
substantially inert to an electrolyte contain- - -

. ing copper sulphate and free acid, electrode- -
process of electrodeposition “which

positing copper from the electrolyte over
the film, and then stripping off the de-
posited copper from the fﬁm ‘while leaving
the latter in place. S ' .

13. A process of electrodeposition which
comprises inserting a cathode blank in a
cell containing a solution of a lead salt, this

105
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Solution being one to which the material of .

the blank is substantially inert, and in this
cell, depositing a thin film of }
the surface of the blank, electrodepositing
copper .upon the lead film, and then strip-
ping the copper deposit from the surface of
tllle lead ﬁfm, while. leaving the latter in
place. ' : :

14. A process of electrodeposition which
comprises inserting'a copper cathode blank
in a cell containing a solution of lead silica
fluoride, and in this cell depositing a film

of lead on the blank, electrodepositing a

layer of copper over the lead film, and then

ead over
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stripping the copper from the film of lead °

while leaving the latter in place. )
15. A process of electrodeposition which
comprises applying to the surface of a cath-

. ode blank, a thin film of metal, electrode-

positing another metal gver the film, and

-
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then subjecting the blank and deposit to heat
to facilifate the removal of the deposit from
the film of metal. '

16. A process of electrodeposition which
comprises applying to the surface of a cath-
ode blank, a thin film of metal, electrode-
positing another metal over the film, and
then subjecting the deposit and blank to the
action of heat confined largely to the de-
posit to cause the latter to expand and free
itself from the film.

'17. A process of electrodeposition which
comprises applying to the surface of a cath-
ode blank, a thin film of metal having a
comparatively low melting point, electrode-
positing over the film a layer of metal hav-
ing a higher melting point, and then sub-
jecting the deposit and blank to the action
of heat sufficient to cause the film to melt
and free the deposit.

18. A process of electrodeposition which
comprises applying to the surface of a cath-
ode blank, a thin film of metal having a
comparatively low melting point, electro-
depositing over the film a layer of metal
having a higher melting point and then
passing an electric current through the film

1,589,564

and deposit to cause the film to soften and

free the deposit. .

19. A process of electrodeposition which
comprises electrolytically applying to the
surface of a cathode blank, a thin film of
metal having a comparatively low melting
point, electrodepositing over the film a layer
of metal having a higher melting point, and
then subjecting the blank and deposit to
heat to facilitate the removal of the deposit
from the film.

20. A cathode for use in the production of
metal articles by electrolysis, these articles
being stripped from the cathode, which
comprises a body of electrically conducting
material and a thin film of metal applied
over the surface thereof, the metal in the

film being substantially inert to the electro-

lyte from which the metal is to be deposited
electrolytically upon the cathode.

21. A cathode for use in the production of
metal articles by electrolysis, which com-
prises a body of electrical conducting mate-
rial and a thin film of lead applied over the
surface thereof. :

In testimony whereof I affix my si
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