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Spain January 18,1891, No, 11,472, in Queensland January 15, 1891, No, 1,281; in Tasmania January 15, 1891, No, 844.-10;
in New Zealand January 23, 1891, No. 4,810; in Austria-Hungary April 22, 1891, No, 51,902 and No, 3,907; in Canada April
24, 1891, No. 36,468, and in Western Australia August 4, 1891, No, 279. ' : .

To all whom tt may concern:

Be it known that I, ALEXANDER STANLEY
FE1LMORE, a citizen of England, residing at
Spring Grove, Hunslett, Leeds, in the county
of York, England, have invented a new and
useful Process of and Apparatus for Manu-
facturing Copper Tubes, Sheets, Strips, and
Wires by Electrolysis, (for which I have ob-
tained patents in Great Britain, No. 18,896,
dated November 21, 1890; in France, No.
209,602, dated November 18,1890; in Austria-
Hungary, No. 51,902 /3,907, dated April 22,
1891; in Belgium, No. 92,771, dated Novem-
ber 18, 1890; in Switzerland, No. 2,999, dated
November 18,1890; in Spain, No.11,472, dated
January 13, 1891; in Luxemburg, No. 1,375,
dated November 18, 1890; in Italy, Vol. LVI,
157, dated December 5,1890; in Norway, No.
2,082, dated November 18, 1890; in Victoria,
No.8,414,dated January12,1891; in NewSouth
‘Wales, No. 2,731, dated January 12, 1891; in
New Zealand, No. 4,810, dated January 23,
1891; in Cape of Good Hope, C C 160, Folio
658, dated January 6, 1891; in South Aus-
tralia, No. 1,822, dated January 13, 1891; in
Queensland, No.1,231,dated January 15,1891;
in Tasmania, No. 844 710, dated January 15,
1891; in Canada, No. 36,468, dated April 24,
1891; in Turkey, No.215, dated December 17,

~1890,and in Western Australia, No. 279, dated

August 4, 1891,) of which the following is a
specification.

It has been proposed to manufacture tubes
by electrolytically depositing metal on re-
volving mandrelsand rendering the deposited
metal firm, sound, and ecompact by burnish-
ing it as it is deposited by means of burnish-
ers caused to travel to and fro along the sur-
face as’it revolves. ~ The tubes thus electro-
lytically manufactured in their entire condi-
tion are available as strong and sound pipes
or conduits for fAuids, or, aceording to de-
scriptions givenin other patent specifications,
they are divided by straight or helical cuts
and unbent, so as to form sheets, strips, or
wires of sound and homogeneous character.

~ The present invention consists in improve-

ments in this process and in the 'appam’tus
by which it is conducted.
The process according to my presentinven-

tion for depositing copper isconducted as fol-.

lows: I first prepare an externally turned
and polished mandrel of iron or steel, pref-
.erably hollow for the sake of lightness, and I
fix this on a non-conducting spindle, which
may be of wood. I mount the mandrel-spin-
dle in non-conducting bearings, which may
be of glass, in an electrolycic bath, connect-
ing the mandrel by a brush to one terminal
of a voltaic battery, dynamo-electric machine,
or other source of electricity, so as to form a
cathode, and connecting a suitable anode to
the other terminal. I form the anode of two
sheets of copper, one on eachside of the bath,
and I charge the bath with a solution of dou-
ble cyanide of copper and potassium, the so-
lution containing about one part, by weight,of
the salt to twenty parts of water, and the
temperature being, preferably, about 55° to
60° centigrade. The mandrel, having been
caused to revolve in this bath with the elec-
trical action continued for about a quarter of
an hour, becomes coated with a layer of cop-

per, and then it is taken out and exposed for

about the same time to ths air, by which the
surfacebecomesoxidized,sothat anotherlayer
of copper deposited on it will not adhere to it.
The mandrel thus prepared with an oxidized
coating of copper is' now placed in another
bath, which has for its anode a perforated
plate-of copper supported at a little distance
above the bottom of the bath and carrying a
thick layer of granulated copper. In addi-
tion to this anode plates of copper may be
placed on the bottom plate so astostand up-
right on each side of the mandrel. Thesolu-
tion in this bath consists of sulphate of cop-
per with a certain amount of free sulphuric
acid. The proportions may be varied; but I
find that in starting the bath about three
parts,by weight,of sulphate-of-copper erystals
and one part of acid to twenty parts of water
make a good mixture, to which from time to
time a little acid has to be added. The man-
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drel is caused to revolve in this bath, and
the burnishing-tool is eaused to travel to and
fro along the surface of the deposited metal
by apparatus which I shall hereinafter de-
scribeuntil thedesired thicknessof metalisde-
posited. When additional layers have to be

-~ deposited, the surface of each layer has to be
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heated to prevent adhesion of the next layer.
This ean be effected by running off the con-
tents of the bath and exposing the metal for
a short time to oxidation or by varnishing the

surface of the deposited metal with a thin

coating of solution of wax in alechol. When
no particular regard is to'be had to the sur-
face polish, a rapid and easy method of pre-
venting adhesion issimply to reverse the elec-
trieal current for a very short time, thus pro-
ducing a film of oxide on the surface of the
metal. When the metal is deposited to suf-
ficient thickness. to form a tube or when a
sufficient number of successive thicknesses
have been deposited, the mandrel, with the
metal onit, is removed from the bath and sub-
jected in a machine, presently tobe described,
to pressing-rollers, which are made to travel
along it longitudinally.
somewhat extending the periphery of the de-
posited metal loosen it from the mandrel, so
that it ean be readily removed -therefrom.
The tube thus removed from the mandrel may
be used as a pipe, or it may be cut longitudi-
nally and unbent to form a sheet or cut heli-
cally to form a long continuousstrip or a rod
which can bedrawn to wire, and when several
thicknesses have been deposited they can all
be cut at one operation, producing a number
of sheets, strips, or wire rods.

Figure 1 of the accompanying drawings is
a plan, and Fig. 2 is a longitudinal section,
showing the first, second, and part of the third
of two continuous rows of electrolytic baths
for the deposit of the copperon therevolving

‘mandrels with the gearing for causing the

mandrels to revolve and the burnishers to
travel to and fro along the surface of the de-
posited metal, Fig.3 is a transverse section
on X X to an enlarged scale. The baths A
‘may be made of wood made water-proof by a
lining of resinous or like material.

A little above the bottom of each bath is
supported a perforated plate B, of copper, cov-
ered with a thick layer C of granulated cop-

_per, and standing on the plate B are two up-

right plates D, of copper, one on each side of
the mandrel E, on which the copper is depos-
ited. A shaft F, driven by any suitable mo-
tor, is mounted between the two rows of baths
and extends along them, having on it pulleys
G, which by belts drive pulleys I, one for
each bath, and from the spindles of these pul-
leys the mandrels E are driven. by chain gear-
ing. The spindle of each mandrel, which is
of wood, turns in bearings, one at each end,
sonsisting of two plates e, of glass, placed at
wn angle in a wooden block, and over the spin-
{le is a bar ¢/, of wood, to prevent it from be-
ng lifted out of its bearing. Over the cen-
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tral space, between the two end baths, is
mounted a screwed spindle K, connected by
ashifting-clutch % to either of two pulleys LL/,
revolving in opposite directions. The cluteh

% is jointed to a-lever M, which is surmount-

ed by a tambling weight and is linked to a
rod N, that extends above the serew K and
has on it two collars n n’/, fronted by springs.
A cross-head O forms the nut of the serew K
and has an arm o standing up from it and em-
bracing the rod N. The cross-head O is fixed
on a sliding rod P, which extends the whole
length-of the row of bathse and has fixed on it

cross-heads O’, one for each bath. These

cross-heads O, as well as the first cross-head
O, have removable arms O? projecting from
them, and on these are pivoted the burnish-
ing-tools Q, which can be adjusted along slots
in the arms 02 go as to press obliquely on the
surface of the mandrel E, their pressure be-
ing regulated by an elastic band g, which can
be strained more or Iess-to cateh on one or
other of .asetof hooks ¢’. Assuming that the
screw X is driven by the pulley L so as to turn
in the one direction, causing the crouss-head
O to travel toward the right, and with it the
rod P and all the other cross-heads O’ and
their arms O% so that all the burnishing-tools
Q move along the surfaces of their respective

.mandrels, which at the same time are caused

to revolve by their connections to the shaft
F, then when the arm o approaches the stop-
collar n it first ecompresses the spring, then
moves the rod N, causing thelever M to tum-
ble over, disengaging the clutch % from the
pulley L and engaging it with the oppositely-
revolving pulley L”. Therotation of thescrew
K being thus reversed, the cross-head O, the
rod P, and all the other cross-heads O’, arms
0%, and their burnishing-tools Q now travel
back until the arm o, acting on the stdp col-
lar n’, again causes reversal of the screw K.

Fig. 4 is an end view, partly in ‘section.
Fig. 5 is a side view, and Fig. 6 is a plan, of
the roller apparatus whereby the shell of de-
posited metal is released from the mandrel.
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The mandrel E, with the shell of metal on it, -

is mounted between centers R R/, which are
on slides adjustable in height by screws » +’.

115

A slide S, which by means of a screw S’ can .

be moved along the bed of the machine, caxr-
ries three rollers T/ T?* T% The two lower
rollers TV T? can be adjusted to or from the
central line of the bed by a right and left
handed screw . The upper roller T2 is car-
ried by a lever U, which is pivoted to a verti-
cal slide u, capable of being raised or lowered
by a serew u’, and the other end of this lever
is adjustably linked to another lever V, car-
rying an adjustable weight v. The mandrel
E, with its coating of deposited metal, being

caused torevolve, the slide 8, with its rollers, -

is at the same time caused to travel along the
bed of the machine, and the pressure of the
rollers, by extending the periphery.of the
metallic shell, loosens it from the mandrel.

Having thus described the nature of my in-

120

130



I0

15

20

25

30

35

40

464,351

vention and in what manner the same is to be
performed, I claim—

1. The process herein described for manu-
facturing copper tubes by electrolysis, which
consists in coating a mandrel by moistening
it with asolution of cyanide of copper, mount—
ing the mandrel as a cathode in an electro-
lytlc bath charged with an acidulated solution
of sulphate of copper and having granulated
copper and copper plates arranged as anodes
connecting the cathode and anodes to asource
of elect-rieity, causing the mandrel torevolve,
moving burnishing-tools to and fro along the
Sl‘lI‘fd:Ce of the revolvmv mandrel, and ﬁndlly,
when the deposit is of the debned th1ckness,

removing the mandrel and its coating from-

the bath and subjecling it to roller-pressme

along its length to loosen and release the de-.

posited tube, substantially as set forth.

2. The process herein-described for manu-
facturing copper tubes by electrolysis, which
consists in subjecting mandrels to the action
of a bath of cyanide of copper, placing the
mandrels in electrolytic baths charged with
acidulated solution of sulphate of copper and
having granulated copper and copper plates
arranged as anodes and the mandrels as
cathodes connected to a source of electricity,
revolving the mandrels, depositing successive
layers of ¢ copper on the mandrels, coating each
deposited layer of copper witha substa,nce to
prevent adhesion, causing burnishing-tools to
travel to and fro along the mandrels, and
finally, when the deposit is of the desired
thickness, removing the mandrels and their
coating from the bath and subjecting them to
the pressure of rollers traveling along their
length to loosen and release the deposlted
layels‘ substantially as set forth.

. The combination, with a series of elec-
trolytic baths A, arranged in two parallel

rows, of the mandrels E, supported and ar-
ranged to revolve in the baths, the shaft F,
arranged centrally between the two rows of
baths and provided with the pulleys G, the
pulleys H, the ¢hain gearing between the lat-
ter and the mandlels, and connections be-
tween the pulleys, substantially as described.

4. The combination, with a series of elec-
trolytic haths A, arranged in two parallel
rows, of the rotary mandlels E, supported and
arranged to revolve in the baths, the driving-
shaft F connections between the duvmo-
shaft and the mandrels for rotating the latter,
a screw-spindle K, arranged centra,lly be-
tween the two rows of baths, a cross-head O,
arranged in screw-threaded engagement Wlth
the screw-spindle and having the arm o, the
horizontal rod N, having collars nn' and ex-
tending through the arm of the -cross-head,
the lonvxtudmally-shdmv rod P, secured to
the cross-head which engages the serew-spin-
dle and having croqs-heads O/, the arms 0?
secured to the respective cross-heads and
provided with burnishing-tools Q, arranged,
respectively, in proper relatmn to the man-
drels, the reversing-pulleys L 1’ for rotating
the sorew-spmdle, the clutch % between thoe
reversing-pulleys, and the tumbling-lever M,
connected with the elutch and with the hori-
zontal rod, substantially as described.

In testlmonywhereof IThavesigned myname
to this specification, in the presence of two
subscribing witnesses, this 4th day of Decem-
ber, A. D. 1890.

ALEXAN DER STANLEY ELMORE.

Witnesses:
WILLIAM VEVERS,
HENRY S. LENTY,
Clerks to T. and H. Gireenwood Teale, Solrs.
and Notaries Publzc, Leeds, England.
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