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1o all whom 1t may' concern:

Be 1t known that I, Tromas A. Epison, a
citizen of the United States, residing at
Llewellyn Park, Orange, Essex county, State

5 of New Jersey, have invented a new and use-
ful Apparatus for Producing Very Thin Sheet
Metal, of which the following is a description.

This application is a division of an applica-,

- tion filed June 29, 1904, Serial No. 214,651.
15 1 do not claim herein the method heremn
described as the same forms the subject mat-
ter of the said application.
My invention relates to an improved ap-
paratus for producing ribbons of sheet metal
15 of extreme thinness at low cost.

At the present time, the only method in
practical use for manufacturing thin sheets
of metal is by the use of heavy rolls, which
oradually- reduce the billet to the desired
thinness. 1 am of course aware that for the
production of gold foil, and other metal foils,
beating operations with hammers are fol-
lowed, but such a process is necessarily con-
fined within a very limited field, and cannot
compete 1n cost of product, with the rolling
operation. In a rolling process, the reduc-
tion 1n thickness, which may be effected at
each pass. between the rolls, is relatively
small, and in case of most useful metals, 1s
limited by the loss in ductility, caused by con-
tinued change of 1ts shape. Consequently,
1n rolling metals, 1t becomes necessary to re-
establish the ductility by annealing the
material, and eventually removing the scale
of oxid formed during the annealing opera-
tion. Ior this reason, the cost per pound of
rolled sheet metal increases very rapidly as
the thickness of the sheet decreases, so that
In case of very thin sheets, the original cost
of the bulk material forms only-a small
fraction of the cost of the completed product.
In order to avoid these repeated and expen-
sive rolling, annealing and reducing opera-
tions, and to obtain directly {from a cheap
raw material, a product of the desired thick-
ness and shape, 1 cause the metal to be de-
posited out of an electrolyte upon a suitable
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- cathode, the surface of which possesses the

property of allowing the deposit, when it has
50 reached the desired thickness, to be readily
and continuously detached without injury
erther to the cathode or to the deposit itself.
In this way, the cost of the product is
directly proportional to its weight, and 1is
determmed by the price of the raw material

o
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formed of aluminium or its alloys.

| and the cost of the operations followed.

Hence, 1n dealing with any particular metal,
1t becomes possible to determine a particular
thickness of sheet which can be obtained for
the same cost by my improved process, or by
the usual rolling process; so that in making
thicker sheets, a rolling process will be
preferable on account of cheapness, while in
making thinner sheets, the product can be
more economically obtained by my improved
process and apparatus. Manifestly the econ-
omies secured by carrying my improved proc-
ess 1nto eflect will be relatively increased
1n making sheets that are materially thinner
than that at which the two processes are on
substantially the same footing as to cost of
operation.

As the result of very extensive experi-
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“ments, I have found that surfaces from which

a metallic electrolytic deposit may be readily 75
and cleanly stripped, may be formed of a
number of metals, such asiron, copper, nickel
and silver, if in a highly polished condition,
and especially when there is present a micro-
scopic layer of foreign matter, like oxids,
orease or graphite. 1 find, however, that
this property is possessed to a superior and
remarkable degree by aluminium and its
alloys. With these materials, I attribute the
speclal property to the fact that the thin

scale of oxid, that in all solutions forms upon
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the surface of aluminium and its alloys, and

which is instantaneously regenerated if rup-
tured, permits the ready and clean separa-
tion of the deposited metal from a cathode
' ‘With
pure aluminium, this tendency of forming an
oxid.1s so strong, that a moment’s exposure
to air, or a short interruption of the current
allows the formation of a prohibitively large
amount of oxid for securing a good deposit; |
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and for this reason I prefer to employ an

alloy of aluminium instead of the pure metal.
I have obtained excellent results in practice
with an alloy consisting of 95 per cent. of cop-
per and 5 per cent. of aluminium.

In carrying my invention into effect, Il may
secure the deposit upon. separate sheets,
[rom which the deposited films are stripped
intermittently, but preferably, I employ an 10
endless surface moving slowly through the -
electrolytic bath and upon which the metal
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1s econtinuously deposited and from which the

depostted film is being continuously stripped
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and may be carried out for the production of

metallic films many hundreds of feet in

length. Such an endless surface may be pre-

sented by an endless metallie belt; runming |

over rollers of large diameter, and receiving a
metallic deposit on one or both of its. sides,

but I preferably employ a drum for this pur-

pose, presenting a smooth outer surface on
which the deposit takes place. |

L &+

In order that the invention may

understood, attention is directed to-the ac-

companying drawings forming a part of this
specification, and in which
" Figure lisalongitudinalsection of oneform

- of apparatus in which my invention may be

embodied, and Fig. 2 is an enlarged trans-
verse section of a portion of the same. '
In these views corresponding parts are rep-

resented by the same numerals of reference.
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The tank 1 is made of any suitable insulating
material, such as wood or slate, and 1s of the
desired capacity. Mounted to rotate in this
tank is a drum, formed of disks 2—2, and

with its cylindrical portion 3 having flanges

4—4. The cylindrical portion 3 of the drum

is insulated from the disks 2—2 thereof by

 a rubber insulator 5, interposed between the
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flanges 4—4 and said disks, as shown. The
drum as.a whole, is assembled upon asleeve
6, on which are mounted nuts 7—7, between
which the disks are clamped. One bearing

- for the drum is formed by a pin 8, engaging
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the socket 9 on one of the side walls of the
tank, and the other bearing 1s formed by a
hollow shaft 10, which passes through a stufi-
ing box 11 to prevent leakage around said
shaft. The shaft is rotated in any suitable
way, as by power connections engaging the
sprocket wheel 12. - | ' |

In practice, the gearing is of such a char-

acter that the drum is rotated with great

 slowness, and I have successfully experi-
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mented with apparatus for the purpose 1n |

which the peripheral speed of the drum. is
about one foot ‘in . thirty minutes. The
cylindrical portion 3 of the drum constitutes
the cathode, and is electrically connected to
the proper source of supply in any suitable
way, as for example, by means of a contact
disk 13, carried by the end of the shaft 10,
but insulated therefrom, and dipping In a

mercury cup 14, having.a binding post 15,
by which the proper -connection 1s made. .

The contact disk 13 is connected electrically
to the cylindrical portion 3 of the drum by

one or more insulated wires 16. The anodes
17 are preferably bars of metal, which is to

be deposited, extending partly around the
drum, as shown, and substantially equidis-
tant therefrom, and preferably supplemented
by auxiliary anodes 18, arranged as shown,

in order that the deposit may continue on to |
‘the strip after the latter has been stripped

from the drum, and so long as 1t may remain
i_n the solution. The anodes 17 and &u}d]ia,ry

879,859

be -bette}’-

anodes 18 aré supported from the metal barsg
19, with which. the proper electrical connec-
tions are made. The strip, after being re-
moved from the surface of the drum 1s ac-
cumulated in any suitable way, as for ex-
ample; being wound up onr & drum 20 rotated
by any appropriate mechanism.” I find in
practice that the results obtained are mate-

| rially improved by keeping the solution in &

heated condition, and this is especially true
in making thin strips or sheets of iron. This
heating of the solution may be effected in any

suitable way, as for example, by a steam coil

21. In some instances also, it is desirable
that the solution should be kept in agitation
during the electrolytic operation in order to
prevent the deposit of insoluble matter, as
well as of gas bubbles on the drum, or other
surface on which the metal is to be deposited,
and for this

devices may be made use of.

Although my improved apparatus is capa-
ble of effective use in connection with the
making of sheets, or films, of various metals, '
I have designed it particularly for producing

sheets, or films, of iron or steel, or of 1ron-

nickel alloys, or nickel alone, and in order
that its operation may be understood by
-those skilled in the art, I will describe it 1n

connection with the production of iron films.

| For this purpose a 20 per cent. solution of
ferrous and ammonium-sulfate is employed,
maintained at a temperature of about 85

degrees centigrade throughout, and kept at a
substantially constant density. The anodes
17 and auxiliary anodes 18 are composed of

in the tank 1 quite close to the top thereot.

Upon closing the circuit between the anades,

auxiliary anodes, and the drum, and by rotat-
ing- the -drum very slowly as explained, the
metal will be homogeneously deposited on
the drum at a rate depending.obviously upon
the current density, and upon the surface
speed of the drum. By making the cylin-
drical portion 3 of the drum of highly pol-

ished metal,-and particularly of an alloy of

urpose any suitable agitating
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metallic iron. The solution is. maintained
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copper and aluminium as explained, the de-

posit may be stripped from the drum to

form a continuous uninterrupted film 22,

which is applied to the reel 20 and wound up

continuously thereon. . After the strip 22

leaves the drum, it is subjected to an addi-
tional deposit on each side between the
‘anodes 17 and auxiliary anodes 18, as will be

understood.

115,
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In practice, it will be of course obvious |

that the deposit will commence to form on
the drum immediately in advance of the line
at which the strip leaves the drum and will
be gradually increased in thickness, as the
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deposit continues, the rate of increase being
augmented after the strip leaves the drum, .

because at that time the deposit will take

place on both sides of the strip. 1f the en-

130
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tire deposit 1s secured on the cathode, it

will be understood, of course, that the aux-
iliary anodes 18 may be omitted. In the
latter case jt will be desirable to supplement

the apparatus by employing a tube made |
preferably of glass or hard rubber, dipping
and
through which the strip passes out of the |

below the surf&ce of the bO]Uthll
solutlon as shown 1 dotted lines I‘lﬂ'-
The employment of such a tube or conduit

15 desirable since there is danger of oxids and

“other foreign matter ﬂoatmfr on the surface

of the solution which mlﬂ'ht so contaminate
the surface as to require a separate washing.

I find that by the use of my apparatus T

obtain a product which even before anneal-
ing 1s very tough and workable, while, when
annealod, 1t compares favor&bly with the
very best grade of steel and 1ron, and 1s

practically free from carbon and other ele-

ments.

I have pmctlcall} used my improved a,p—
paratus in connection with the makeup of
my 1ron-nickel storage battery, wherein
actwe materials are maintained under pres-
sure 1 perforated pockets composed of thin
sheet steel, and for this art I am enabled to
produce sheet. meétal having ‘the desired
characteristics at less cost than by the ordi-

nary rolling operations. It will, however,
be understood that other 111etals will be

worked in this way for the production of

sheets of any desired degree of thinness and
that foil can be obtained which will compare
favorably with foils now secured by beating
operations. -

Having now described my
what I claim as new theremn and desire to
&,ocure by letters Patent is as tollows:

1. Apparatus for producmﬂ' thin metallic

strips or films, comprising in combination an

electro- doposltlon bath, a cathode m said

- bath formed of copper-aluminium alloy in

which the percentage of copper largely pre-
dominates, and an anode arranged ad]acent
to sald mtho(le, substantially as set forth.

2. A cathode, from which electro-depos-
ited metal may be readily stripped, formed

' of copper-aluminium alloy, in which the per-

centage of copper largely predommatbb, sub-
btantla,llv as set forth.
This specification signed and witnessed

this 16th dfw of Febry 1905

THOS. A. EDISON.

Witnesses:
Frank L. DyEr,
AnNNA R. KLEHM.
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