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Description
[Technical Field]

[0001] The presentdisclosure relates to a method and
apparatus for manufacturing metal foil at high speed, and
particularly, to a method for continuously manufacturing
metal foil by electroforming and an apparatus used in the
method.

[Background Art]

[0002] In general, a rolling method and an electrofor-
ming method are both widely used methods for manu-
facturing metal foil. In the rolling method, metal slabs
manufactured through iron making, steel making, and
continuous casting are rolled into foil, and in the electro-
forming method, copper foil is manufactured using a
drum cell.

[0003] In a most common process for manufacturing
thin plates using a rolling method, slabs may be reheated
and hot-rolled into metal plates having a thickness of sev-
eral millimeters (mm), and such hot-rolled thin plates may
be additionally cold-rolled into very thin foil having a thick-
ness of 100 pumorless. US PatentNo. 4948434 discloses
such a method of manufacturing metal foil. In the dis-
closed method, cold rolling and annealing are performed
repeatedly. Thus, the disclosed method has problems
such as complex processes requiring large amounts of
energy and time, difficulties in forming constant shapes,
thickness deviations, non-uniform surface roughness,
edge cracking, high manufacturing costs, and difficulties
in manufacturing wide metal foil.

[0004] Recently, processes and apparatuses for man-
ufacturing metal foil (copper foil) by an electroforming
method have been researched. For example, Korean
Patent Application Laid-open Nos. 1999-0064747 and
2004-0099972 disclose methods and apparatuses for
manufacturing metal foil by electroforming. Metal foil can
be manufactured through simple processes by using
such methods.

[0005] In the patent documents, methods of manufac-
turing metal foil using a drum cell are disclosed. When
metal foil is manufactured by an electroforming method
using a drum cell, the surface of the drum cell is carefully
treated and maintained to obtain a metal foil having a
uniform thickness and surface roughness. Thus, proc-
esses may be suspended for checking or repairing the
surface of the drum cell. In other words, the surface of
the drum cell may not be continuously managed.
[0006] Moreover, the rate of metal foil production by
electroforming is affected by the surface area of a drum
cell dipped into an electrolyte. That is, the rate of produc-
tion is limited by the size of the drum cell. However, if a
large drum cell is used, manufacturing costs are in-
creased, and it may be difficult to replace the large drum
cell. In addition, although the rate of production can be
increased by increasing the velocity of an electrolyte at
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a gap between an anode and a cathode, it is difficult to
increase the velocity of the electrolyte because the ve-
locity of the electrolyte is gradually decreased due to a
curved gap between the anode and the cathode.

[Disclosure]
[Technical Problem]

[0007] Anaspectofthe presentdisclosure mayinclude
amethod and apparatus for manufacturing metal foil with
high productivity by an electroforming method using a
horizontal cell.

[0008] An aspect of the present disclosure may also
provide an electroforming method and apparatus for
manufacturing metal foil with high productivity and at low
cost by supplying an electrolyte at high speed to form
electro-deposition layers on upper and lower sides of a
base sheet.

[0009] An aspect of the present disclosure may also
provide an electroforming method and apparatus for
manufacturing metal foil through a continuous process
using any metal usable for electro-deposition.

[0010] As aspect of the present disclosure may also
provide an apparatus for manufacturing metal foil having
a uniform composition, surface texture, and thickness,
by forming a uniform current density between an anode
and a cathode.

[0011] An aspect of the present disclosure may also
provide a horizontal electroforming apparatus configured
to improve productivity by stabilizing a flow field of an
electrolyte supplied at high speed and preventing vortex-
es.

[Technical Solution]

[0012] According to an aspect of the present disclo-
sure, a horizontal electroforming apparatus may include:
a base sheet supply device configured to continuously
supply a flexible and conductive base sheet functioning
as a cathode in one direction; a horizontal cell including
conduct rolls configured to apply a current to the base
sheetwhale making contact with lateral edges of the base
sheet and moving the base sheet, anodes spaced apart
from one or both sides of the base sheet, an electrolyte
supply device configured to supply an electrolyte con-
taining metal ions to a horizontal passage formed by the
base sheet and the anodes, and a current supply device
configured to supply a current to the conduct rolls and
the anodes to cause electro-precipitation of the metal
ions on one or both sides of the base sheet; and a strip-
ping device configured to strip metal foil electro-depos-
ited on one or both sides of the base sheet from the base
sheet.

[0013] The electrolyte supply device includes an elec-
trolyte supply nozzle configured to supply an electrolyte
to one or both sides of the base sheet in the same direc-
tion as a moving direction of the base sheet, a direction
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opposite to the moving direction of the base sheet, or
both directions.

[0014] A plurality of horizontal cells may be provided,
and the plurality of horizontal cells may be arranged lin-
early, in a moving direction of the base sheet.

[0015] The horizontal electroforming apparatus may
further include a heat treatment device configured to per-
form a heat treatment such as induction heating, atmos-
phere heating, or direct heating on the metals foil electro-
deposited on the base.

[0016] The stripping device may include a plurality of
rollers capable of causing a difference in shear force be-
tween the base sheet and the metal foil.

[0017] An edge mask may be disposed in the horizon-
tal cell to prevent electro-precipitation of metal ions on
the lateral edges of the base sheet.

[0018] Each of the anodes may have a thickness de-
creasing from a center to edges thereof in a width direc-
tion of the base sheet.

[0019] Each of the anodes may be divided into a plu-
rality of sub electrodes in a width direction of the base
sheet, and the sub electrodes may have different sizes.
In addition, different currents may be supplied to the sub
electrodes.

[0020] Each of the anodes may be divided into a plu-
rality of sub electrodes in a moving direction of the base
sheet, and the sub electrodes may have different sizes.
In addition, different currents may be supplied to the sub
electrodes.

[0021] The electrolyte supply nozzle may be inclined
or curved to supply an electrolyte in a electrolyte-flow
direction. In this case, at least an end portion of the elec-
trolyte supply pipe is separable to supply an electrolyte
in forward and backward directions relative to the moving
direction of the base sheet. The end portion may have a
sectional shape similar to the shape of a de Laval nozzle.
[0022] According to another aspect of the present dis-
closure, a method for manufacturing metal foil may in-
clude: supplying an electrolyte containing metal ions to
a surface of a flexible and conductive base sheet which
functions as a cathode and is horizontally fed in one di-
rection; forming an electro-deposition layer on one or
both sides of the base sheet through electro-precipitation
of the metal ions of the electrolyte on one or both sides
of the base sheet, the electro-precipitation of the metal
ions being caused by the base sheet and anodes spaced
apart from one or both the sides of the base sheet; and
stripping the electro-deposition layer from the base sheet
as metal foil.

[0023] One or both sides of the base sheet may be
coated with oxide films.

[0024] The stripped metal foil may be heat-treated at
300°C to 600°C.

[0025] The electrolyte may be supplied to a horizontal
passage formed between the base sheet and the anodes
in the same direction as a moving direction of the base
sheet and a direction opposite to the moving direction of
the base sheet.
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[0026] Different electrolytes may be supplied to both
the sides of the base sheet.

[0027] Prior to the stripping of the electro-deposition
layer, the method may further include: secondarily sup-
plying an electrolyte; and secondarily forming an electro-
deposition layer. Different electrolytes may be supplied
in the supplying of the electrolyte and the secondary sup-
plying of the electrolyte. The metal foil may be formed to
have a multi-layer structure.

[Advantageous Effects]

[0028] According to an embodiment of the present dis-
closure, metal foil may be manufactured at a high rate.

[0029] According to another embodiment of the
present disclosure, metal foil having improved surface
roughness on both sides thereof, a uniform composition,
and a uniform thickness may be manufacturing at a high
rate.

[0030] According to another embodiment of the
present disclosure, the thickness of metal foil may be
controlled through a continuous process, or metal foil
having a multi-layer structure may be manufacturing
through a continuous process.

[0031] According to another embodiment of the
present disclosure, different types of metal foil may be
simultaneously manufactured.

[0032] According to another embodiment of the
present disclosure, although an electrolyte is supplied to
a base sheet at high speed, vibration of the base sheet
may be structurally suppressed to allow the electrolyte
to form a uniform flow field and thus to induce stable
electro-precipitation. Therefore, high-quality metal foil
having a uniform composition, surface, and thickness
may be manufactured.

[0033] According to another embodiment of the
present disclosure, an electro-precipitation region may
be increased, and thus metal foil may be manufactured
with high productivity.

[0034] By using the horizontal electroforming appara-
tus according to an embodiment of the present disclo-
sure, metal foil having a uniform composition, surface
texture, and thickness in a width direction thereof may
be manufacturing at a high rate.

[0035] Furthermore, since the horizontal electroform-
ing apparatus is configured to structurally prevent non-
uniform current density in a width direction, high-quality
metal foil may be manufactured with improved produc-
tivity.

[0036] Furthermore, according to an embodiment of
the present disclosure, current density may be controlled
in the moving direction of a base sheet to form an entirely
uniform electro-deposition layer.

[Description of Drawings]

[0037]
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FIG. 1 is a schematic view illustrating an apparatus
for manufacturing metal foil according to an embod-
iment of the present disclosure.

FIG. 2 is a schematic view illustrating the apparatus
for manufacturing metal foil according to another em-
bodiment of the present disclosure.

FIG. 3 is a view illustrating anodes each divided in
the width direction of a base sheet and having a thick-
ness decreasing from the center to lateral edges
thereof, according to an embodiment of the present
disclosure.

FIG. 4 is a schematic view illustrating anodes divided
in a moving direction of a base sheet according to
an embodiment of the present disclosure.

FIG. 5 is a schematic view illustrating a horizontal
cell including inclined electrolyte supply nozzles ac-
cording to an embodiment of the present disclosure.
FIG. 6 is a schematic view illustrating a horizontal
cell including curved electrolyte supply nozzles ac-
cording to an embodiment of the present disclosure.
FIG. 7 is a cross-sectional view illustrating a de Laval
nozzle formed on an end of an electrolyte supply
pipe according to another embodiment of the present
disclosure.

FIG. 8 is a view illustrating a horizontal electroform-
ing apparatus in which a plurality of horizontal cells
are arranged linearly, according to another embod-
iment of the present disclosure.

FIG. 9 is a graph showing a current density curve of
a horizontal electroforming apparatus including a
horizontal cell in which anodes each having a thick-
ness decreasing from the center to lateral edges
thereof as shown in FIG. 3 are disposed, and a cur-
rent density curve of a drum type electroforming ap-
paratus including a drum cell of the related art.
FIGS. 10A to 10C are schematic views illustrating
distal end structures of electrolyte supply nozzles
used in Example 2, FIG. 10A illustrating an right-
angled nozzle, FIGS. 10B and 10C illustrating curved
nozzles according to embodiments of the present
disclosure.

FIGS. 11A to 11C are views illustrating streamlines
of flow fields of an electrolyte supplied under a lam-
inar flow condition through the electrolyte supply
nozzles shown in FIGS. 10A to 10C.

FIGS. 12A to 12C are views illustrating streamlines
of flow fields of an electrolyte supplied under a tur-
bulent flow condition through the electrolyte supply
pipes shown in FIGS. 10A to 10C.

[Best Mode]

[0038] Embodiments of the present disclosure provide
a horizontal cell electroforming apparatus and a method
for manufacturing metal foil by electro-depositing a metal
on a base sheet fed horizontally in the electroforming
apparatus. The embodiments of the present disclosure
will now be described in detail with reference to the ac-
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companying drawings. The disclosure may, however, be
exemplified in many different forms and should not be
construed as being limited to the specific embodiments
setforth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete, and
will fully convey the scope of the disclosure to those
skilled in the art. In the drawings, the shapes and dimen-
sions of elements may be exaggerated for clarity.
[0039] A horizontal electroforming apparatus 100 will
now be described with reference to FIG. 1 and 2 accord-
ing to an aspect of the present disclosure. FIGS. 1 and
2 are schematic views illustrating the horizontal electro-
forming apparatus 100 according to embodiments of the
present disclosure.

[0040] In the embodiments of the present disclosure,
the horizontal electroforming apparatus 100 includes a
base sheet supply device 10, a horizontal cell 30 (also
referred to as an electroforming cell 30), an electrolyte
supply device, and a metal foil stripping device.

[0041] The base sheet supply device 10 supplies a
base sheet 11 to the inside of the electroforming cell 30.
Base sheets 11 having a predetermined size may be fed
on after another, or a base sheet 11 may be continuously
fed. In a non-limiting example, a base sheet 11 wound
in the form of a coil may be continuously fed into the
horizontal cell 30. After the base sheet 11 is fed, another
coiled base sheet 11 may be continuously fed.

[0042] In this case, the rear edge of the base sheet 11
may be bonded to the front edge of the next base sheet
11 by a method such as welding so as to continuously
supply the base sheets 11 to the inside of the horizontal
cell 30. The edges of the base sheets 11 may be shaped
into predetermined patterns for easily joining the edges.
[0043] Furthermore, a base sheet 11 having a uniform
surface roughness may be used because the surface
roughness of the base sheet 11 will be transferred (cop-
ied) to electro-deposition layers to be formed on the base
sheet 11. A base sheet 11 having a uniform surface
roughness may be obtained by polishing. Therefore, a
polishing machine may be used to obtain base sheets
11 having proper surface roughness. If a base sheet 11
is polished to a desired degree of surface roughness as
described above, the degree of surface roughness may
be transferred from the base sheet 11 to metal foil 50
during an electroforming process, and thus the metal foil
50 may have an equivalent degree of surface roughness.
[0044] The surface roughness of a base sheet 11 may
be adjusted by any method, such as chemical, mechan-
ical, or chemical and mechanical polishing methods
known in the related art. For example, mechanical pol-
ishing, chemical polishing such as etching, or chemical
mechanical polishing (CMP) may be used.

[0045] When metal foil 50 is manufactured by an elec-
troforming method, the quality of the metal foil 50 may
be significantly affected by the surface roughness there-
of. For example, electro-deposition layers (metal foil 50)
deposited, on a base sheet 11 may have surface rough-
ness transferred from the base sheet 11, and thus a short
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circuit occurring in a defective portion (roughness defect)
of the metal foil 50 may damage the surface of the base
sheet 11 and thus may cause non-uniform electro-dep-
osition and surface defects. The surface roughness of a
base sheet 11 may be adjusted according to the use of
metal foil 50 to be formed. For example, if metal foil 50
for substrates of display devices are formed, abase sheet
11 polished to a surface roughness of 4 nm or less may
be used, and if metal foil 50 for substrates of solar cells,
a base sheet 11 polished to a surface roughness of 40
nm or less may be used.

[0046] When abase sheet 11 is polished as described
above, materials such as abrasives, polishing liquids, or
removed particles may remain on the base sheet 11, and
thus a cleaning process may be necessary. To this end,
the horizontal electroforming apparatus 100 of the em-
bodiments of the present disclosure may include a pre-
cleaning device. The surfaces of the base sheet 11 may
be cleaned with an acid solution such as a diluted hydro-
chloric acid solution or a diluted sulfuric acid solution,
and water.

[0047] In addition, a drying device (not shown) may be
used to dry the base sheet 11 after cleaning. The base
sheet 11 may be dried by blowing compressed air or high-
temperature gas onto the base sheet 11, or heating the
base sheets 11.

[0048] In the embodiments of the present disclosure,
when metal foil 50 is formed by electroforming, any base
sheet 11 may be used as long as the base sheet 11 is
flexible and conductive. For example, a base sheet 11
formed of stainless steel or titanium may be used.
[0049] In the embodiments of the present disclosure,
during a manufacturing process, if metal foil 50 is electro-
deposited on abase sheet 11 and strongly adhered there-
to, it may be difficult to separate the metal foil 50 from
the base sheet 11. Therefore, oxide films may be previ-
ously formed on the base sheet 11. Then, electro-depo-
sition layers (metal foil 50) formed on the base sheet 11
may easily separated because oxide films formed on the
base sheet 11 may lower the adhesion between the metal
foil 50 and the base sheets 11.

[0050] In the horizontal electroforming apparatus 100
of the embodiments of the present disclosure, the hori-
zontal cell 30 is separated from the base sheet supply
device 10 and used to electro-deposit a metal on a base
sheet 11.

[0051] In the embodiments of the present disclosure,
a base sheet 11 is continuously fed into the electroform-
ing cell 30 (horizontal cell 30) in a fixed direction. Herein,
the ’electroforming cell 30 (horizontal cell 30) may be
defined as a unit cell in which an electrolyte is supplied
to a base sheet 11 so as to electro-deposit metal layers
on the base sheet 11 by an electro-precipitation reaction
between metal ions and the base sheet 11. In addition,
the expression ‘fixed direction’ is used herein to refer to
that the moving direction of base sheets 11 fed into the
electroforming cell 30 is not changed at least until the
base sheets 11 depart from the electroforming cell 30.
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That is, in the present disclosure, the moving direction
of a base sheet 11 is expressed as a horizontal direction
or horizontal, and for this reason, the electroforming cell
30, into which a base sheet 11 is fed in the horizontal
direction to cause metal deposition thereon by an electro-
precipitation reaction of metal ions of an electrolyte, may
be referred to as a horizontal cell.

[0052] In a drum type electroforming apparatus of the
related art, an electrolyte is contaminated by residues
remaining after a drum is polished to obtain a desired
degree of surface roughness. However, since the hori-
zontal cell 30 is separated from the base sheet supply
device 10 in the embodiments of the present disclosure,
this problem may be prevented. Furthermore, in a drum
type electroforming apparatus of the related art, if it is
necessary to replace a base sheet, a drum is replaced
together with the base sheet, and thus manufacturing
costs are increased. However, according to the embod-
iments of the present disclosure, a base sheet 11 can
only be replaced, and thus manufacturing costs can be
reduced.

[0053] The horizontal cell 30 includes: conductrolls 31
and 31’ configured to convey a base sheet 11 and con-
nect cathodes to a power source; anodes 32 spaced a
constant distance from one or both sides of the base
sheet 11; acurrent supply device 33, configured to supply
a current (negative (-) charge) to the conduct rolls 31 and
31’ and a current (positive (+) charge) to the anodes 32;
and an electrolyte supply device containing an electrolyte
for causing an electrolyte reaction.

[0054] The conduct rolls 31 and 31’ function as con-
veying units to move a base sheet 11 into the horizontal
cell 30 and out of the horizontal cell 30, and function as
connectors connecting the base sheet 11 functioning as
a cathode to the current supply device 33 so as to cause
an electrolyte reaction between the anodes 32 and the
base sheet 11 and thus to induce precipitation of metal
ions on the base sheet 11. The conduct rolls 31 and 31’
may make contact with lateral edge portions of a base
sheet 11 to move the base sheet 11 into the horizontal
cell 30 and out of the horizontal cell 30.

[0055] In the embodiments of the present disclosure,
since a flexible and conductive base sheet 11 is used,
the base sheet 11 may be subject to deflection due to
the weight thereof. In this case, the distances between
the base sheet 11 and the anodes 32 may be varied, and
thus current density may not be uniform. As a result, met-
al foil 50 having a uniform thickness may notbe produced.
The conduct rolls 31 disposed at an entrance side and
the conduct rolls 31’ disposed at an exit side may be
rotated at different speeds so as to prevent deflection of
a base sheet 11. That is, if the exit conduct rolls 31’ are
rotated faster than the entrance conduct rolls 31, deflec-
tion of a base sheet 11 caused by the weight of the con-
duct rolls 31 may be prevented.

[0056] The anodes 32 are spaced a constant distance
apartfrom abase sheet 11 passing through the horizontal
cell 30. Thus, flow passages for an electrolyte are formed
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between the anodes 32 and the base sheet 11.

[0057] An electrolyte may be uniformly supplied to a
base sheet 11 in the width direction of the base sheet 11
for uniform current density and production of metal foil
50 having a uniform thickness. However, when an elec-
trolyte is supplied to a base sheet 11 through electrolyte
supply pipes 35, the electrolyte may be concentrated on
lateral edge portions of the base sheet 11 to cause a non-
uniform current density in the width direction of the base
sheet 11. In this case, defective metal foil 50 having a
non-uniform thickness in the width direction may be pro-
duced. Therefore, a method or device may be necessary
to form a uniform current density in the width direction of
a base sheet 11. For example, edge masks may be used
to prevent a locally high current density and thus the for-
mation of electro-deposition layers having a non-uniform
thickness.

[0058] In addition, the thickness of each of the anodes
32 may be reduced from the center to lateral edges there-
of. In this case, the gaps between the anodes 32 and a
base sheet 11 functioning as a cathode may be increased
in directions toward lateral edges, and thus a locally high
current density caused by the concentration of an elec-
trolyte may be offset by the outwardly decreasing thick-
nesses of the anodes 32. In this way, electro-deposition
on a base sheet 11 may be controlled.

[0059] For example, as shown in FIG. 3, the anodes
32 may have thicknesses continuously decreasing in a
curved shape in directions from the center to the lateral
edges of a base sheet 11 (in this case, the anodes may
be referred as curved anodes 32a). The curved anodes
32a may not have a constant curvature. The curved an-
odes 32a having thicknesses varying in the width direc-
tion of a base sheet 11 may prevent a localized high
current density at edge portions of the base sheet 11
caused by an electrolyte concentrating on the edge por-
tions, and thus the speed and composition of metal pre-
cipitation may be uniform between the curved anodes
32a and the base sheet 11 functioning as a cathode.
Therefore, metal foil 50 may not have surface defects
caused by a non-uniform current density in a width direc-
tion.

[0060] Although currentdensity can be uniformly main-
tained using the curved anodes 32a thicker at the centers
than the edges thereof, each of the anodes 32 may be
divided into plurality of sub electrodes in the width direc-
tion thereof as shown in FIG. 3 for more uniform current
density (in this case, the anodes 32a may be referred to
as width-division anodes 32a). The sub electrodes of the
width-division anodes 32a may have the same width or
different widths. In addition, some of the sub electrodes
of the width-division anodes 32a may have different siz-
es, and the other of the parts may have the same size.
Referring to FIG. 2, the anodes 32a are curved and di-
vided in the width directions thereof. However, the em-
bodiments of the present disclosure are not limited there-
to. For example, anodes only curved or anodes only di-
vided may be used.
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[0061] Since currents to the sub electrodes of the
width-division anodes 32a can be individually controlled,
current density uniformity may be maintained more pre-
cisely. Thatis, if currents from the current supply device
33 to the sub electrodes of the width-division anodes 32a
are individually controlled according to a desired amount
of electro-deposition in the width direction, the amount
of a metal electro-deposited on a base sheet 11 may be
uniformly controlled in the width direction, and thus metal
foil 50 having a uniform thickness may be obtained.
[0062] Furthermore, inthe embodiments of the present
disclosure, the anodes 32 may be divided into sub elec-
trodes in the moving direction of a base sheet 11 (in this
case, the anodes 32 may be referred as front-to-back
division anodes 32b). For example, the width-division an-
odes 32a may also be divided in the moving direction of
a base sheet 11. Like the width-division anodes 32a, the
sub electrodes of the front-to-back division anodes 32b
may have different sizes, and currents to the sub elec-
trodes of the front-to-back division anodes 32b may be
individually controlled.

[0063] When a base sheet 11 is fed in the horizontal
cell 30, initial electro-deposition of a metal may function
as electro-deposition nuclei for the next electro-deposi-
tion, and thus electro-deposition may occur continuously
and stably. Furthermore, although an electrolyte is sup-
plied at high speed, electro-deposition layers may not be
striped or separated.

[0064] The rate of electro-deposition is affected by the
flow rate of an electrolyte, the feeding speed of a base
sheet 11, and the relative velocities thereof. In the em-
bodiments of the present disclosure, an electrolyte may
be supplied in the same direction as the moving direction
of a base sheet 11, the opposite direction to the moving
direction of the base sheet 11, or both directions. For
example, in a region in which an electrolyte is supplied
in the opposite direction to the moving direction of a base
sheet 11, the rate of electro-deposition may be low be-
cause the electrolyte and the base sheet 11 make contact
with each other for a relatively short period of time. In this
case, anodes 32 divided into sub electrodes in the moving
direction of the base sheet 11 may be used to increase
the rate of electro-deposition by applying different cur-
rents to the sub electrodes of the anodes 32.

[0065] Furthermore, in a region in which an electrolyte
is supplied in the same direction as the moving direction
of a base sheet 11, the rate of electro-deposition may be
high because the electrolyte and the base sheet 11 make
contact with each other for a relatively long period of time.
However, the rate of electro-deposition may be gradually
reduced because the concentration of metal ions of the
electrolyte may be gradually reduced. In this case, like
inthe former case, anodes 32 divided into sub electrodes
in the moving direction of the base sheet 11 may be used
to increase the rate of electro-deposition by applying dif-
ferent currents to the sub electrodes of the anodes 32.
[0066] In addition, the anodes 32 may have thickness-
es decreasing in directions from the centers to the lateral



11 EP 2 781 625 A1 12

edges thereof and may be divided into sub electrodes in
the width and length directions thereof. In this case, the
current densities of regions corresponding to the sub
electrodes of the anodes 32 may be individually control-
led, and thus metal foil 50 having a more uniform thick-
ness may be obtained.

[0067] As described above, when an electrolyte reac-
tion occurs between an electrolyte and a base sheet 11
functioning as a cathode, metal ions included in the elec-
trolyte are electro-deposited on the base sheet 11 (elec-
tro-precipitation of metal ions). Therefore, if the electro-
lyte is supplied at high speed, more metal ions may be
electro-deposited on the base sheet 11 at a high electro-
deposition rate.

[0068] In a drum cell type electroforming apparatus of
the related art, an electrolyte flows in a curved flow pas-
sage because a base sheet is curved according to the
curvature of a drum cell, and thus the velocity of the elec-
trolyte is gradually decreased to lower the rate of electro-
deposition. Thus, metal foil 50 manufactured using the
drum type electroforming apparatus may have a non-
uniform thickness.

[0069] However, according to the embodiments of the
present disclosure, since the horizontal cell 30 is used,
an electrolyte may flow in a horizontal flow passage, and
thus the electrolyte may be supplied at a high flow rate
without a decrease in velocity. Therefore, the rate of elec-
tro-deposition of metal ions may be increased. An elec-
trolyte may be supplied at a maximum velocity of 5,000
in Reynolds number, and the velocity of the electrolyte
may be increased or decreased relatively to the feeding
speed of a base sheet 11. In addition, according to the
state of electro-deposition, the electrolyte may be sup-
plied within a laminar-flow velocity range (in which
streamlines of the electrolyte are straight without turbu-
lence), and after electro-deposition is stabilized, the elec-
trolyte may be rapidly supplied within a turbulent-flow ve-
locity range (in which streamlines of the electrolyte fluc-
tuate to the left and right).

[0070] If the velocity of an electrolyte is high at an initial
stage of electro-deposition, an electro-deposition layer
may be stripped from a base sheet 11 to cause an electro-
deposition fail, and thus after the electro-deposition layer
is grown to a thickness of several micrometers and thus
can securely adhere to the base sheet 11 owing to stress
accumulated therein, the velocity of the electrolyte may
be increased to form a high-velocity flow field. However,
when forming a high-velocity flow field, the velocity of the
electrolyte may be controlled not to increase to a level
cancelling out the surface tension between the electro-
deposition layer and the base sheet 11. That is, if the
velocity of the electrolyte is increased to a certain level,
the shearing stress between a flow field formed by the
electrolyte and the electro-deposition layer becomes
greater than the surface tension between the electro-
deposition layer and the base sheet 11, and thus the
electro-deposition layer may be stripped.

[0071] The current supply device 33 is used to supply
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a negative (-) current to the conduct rolls 31 and 31’ and
apositive (+) currenttothe anodes 32. The current supply
device 33 is not limited to a particular type. For example,
a general type of current supply device may be used as
the current supply device 33. Thus, a detailed description
of the current supply device 33 will not be given.

[0072] An electrolyte may be supplied to a side of a
base sheet 11 fed into the horizontal cell 30 to form metal
foil 50 on the side of the base sheet 11 by causing pre-
cipitation of a metal, or may be supplied to both sides of
the base sheet 11 to form metal foil 50 on both sides of
the base sheet 11 by causing precipitation of a metal and
thus to increase the production rate of the metal foil 50.
[0073] As described above, when a base sheet 11 is
fed in the horizontal cell 30, an electrolyte is supplied to
one or both sides of the base sheet 11 through electrolyte
supply nozzles 37, and the electrolyte flows in horizontal
flow passages formed between the base sheet 11 and
the anodes 32. Then, metal ions are deposited on the
base sheet 11 by an electro-precipitation reaction caused
by the anodes 32 and the base sheet 11 functioning as
cathodes, and thus an electro-deposition layer is formed
on one or both sides ofthe base sheet 11 by the deposited
metal ions.

[0074] For this, the electrolyte supply device may in-
clude an electrolyte tank 40 containing an electrolyte and
the electrolyte supply nozzles 37 through which the elec-
trolyte is supplied to a base sheet 11. The electrolyte
contained in the electrolyte tank 40 may be supplied to
a base sheet 11 fed into the horizontal cell 30 through
the electrolyte supply pipes 35 and the electrolyte supply
nozzles 37. The electrolyte supply nozzles 37 may supply
an electrolyte to one or both sides of a base sheet 11.
[0075] In the accompanying drawings, an electrolyte
is supplied to both sides of a base sheet 11 from the
electrolyte tank 40. However, different electrolytes may
be supplied to both sides of a base sheet 11 to electro-
deposit different metals on the both sides of the base
sheet 11 and thus to produce two kinds of metal foil 50.
[0076] An electrolyte may be supplied at high speed
through the electrolyte supply nozzles 37 to horizontal
flow passages formed between a base sheet 11 and the
anodes 32. In this case, the electrolyte may flow in the
same direction as the moving direction of the base sheet
11 or the opposite direction to the moving direction of the
base sheet 11. In addition, the electrolyte may flow from
the electrolyte supply nozzles 37 in the same direction
(forward direction) as the moving direction of the base
sheet 11 and the opposite direction (backward direction)
to the moving direction of the base sheet 11.

[0077] If the electrolyte flows in both the forward and
backward directions with respect to the moving direction
of the base sheet 11, electro-deposition may occur sub-
stantially twice. That is, the electrolyte supplied in the
backward direction may make contact with the base
sheet 11 for a relative short period of time due to a high
velocity relative to that of the base sheet 11 to result in
primary electro-deposition (a relatively small amount of
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electro-deposition), and the electrolyte supplied in the
forward direction may make contact with the base sheet
11 forarelatively long period of time toresultin secondary
electro-deposition (a relatively large amount of electro-
deposition as compare with that of the primary electro-
deposition).

[0078] In the embodiments of the present disclosure,
the electrolyte supply pipes 35 may include an electrolyte
supply pipe through which an electrolyte is supplied in
the same direction (forward direction) as the moving di-
rection of a base sheet 11 and an electrolyte supply pipe
through which the electrolyte is supplied in the backward
direction. Therefore, since an electrolyte is supplied
through he electrolyte supply pipes 35 in the forward and
backward directions with reference to the moving direc-
tion of a base sheet 11, a non-uniform flow field may be
formed by the electrolyte. The non-uniform flow field may
reduce non-uniform electro-deposition on the base sheet
11, and thus, metal foil 50 having a more uniform thick-
ness may be formed.

[0079] To this end, for example, the electrolyte supply
pipes 35 may include inclined electrolyte supply nozzles
37a as shown in FIG. 5. The inclined electrolyte supply
nozzles 37a may be inclined from the ends of the elec-
trolyte supply pipes 35 in the forward and backward di-
rections with reference to the moving direction of a base
sheet 11. In another example shown in FIG. 6, the elec-
trolyte supply pipes 35 may include curved electrolyte
supply nozzles 37b. The curved electrolyte supply noz-
zles 37b may be curved to the forward and backward
directions with respect to the moving direction of a base
sheet 11 so as to supply an electrolyte between a base
sheet 11 and the anodes 32. In this case, an electrolyte
may be stably supplied to the flow passages formed be-
tween a base sheet 11 and the anodes 32 through the
curved electrolyte supply nozzles 37b formed on ends of
the electrolyte supply pipes 35, and thus the formation
of a non-uniform flow field may be suppressed.

[0080] If the flow field of an electrolyte is stabilized, a
vortex of the electrolyte may not be generated on the
base sheet11, and thus the electrolyte may make uniform
contact with a large area of the base sheet 11. Asaresult,
the rate of electro-precipitation or electro-deposition may
be increased. Therefore, metal foil 50 having a uniform
composition, surface, and thickness may be produced.
If an electrolyte is supplied to both sides (upper and lower
sides) of a base sheet 11, the base sheet 11 may be
vibrated due to a pressure difference between upward
and downward streams of the electrolyte, thereby result-
ing in non-uniform electro-deposition. However, this
problem may be lowered by horizontally supplying an
electrolyte through the curved electrolyte supply nozzles
37b.

[0081] Asdescribed above, the flow field of an electro-
lyte may be stabilized by using the curved electrolyte
supply nozzles 37b according to the embodiment of the
present disclosure, and this was experimentally con-
firmed as explained in examples below.
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[0082] In another embodiment of the present disclo-
sure, the electrolyte supply pipes 35 may include dis-
pensers 38 on ends thereof. An electrolyte may be sup-
plied from the electrolyte supply pipes 35 to a base sheet
11 through the dispensers 38 uniformly in the width di-
rection of the base sheet 11. When an electrolyte is sup-
plied from the electrolyte supply pipes 35 to flow passag-
es formed between a base sheet 11 and the anodes 32,
the flow rate of the electrolyte may be varied in directions
from the center to the lateral edges of the base sheet 11,
and thus the velocity of the electrolyte may be varied in
the directions. In this case, current density may be varied
in the directions from the center to the lateral edges of
the base sheet 11, and thus an electro-deposition layer
may not be uniformly formed. However, if the dispensers
38 are used, an electrolyte may be uniformly supplied to
a base sheet 11 throughout the entire area of the base
sheet 11.

[0083] As shown in FIG. 7, the dispensers 38 may be
shaped like a de Laval nozzle. In this case, an electrolyte
may be supplied from the electrolyte supply pipes 35 to
a base sheet 11 through the dispensers 38 uniformly in
the width direction of the base sheet 11 without reducing
the flow field of the electrolyte.

[0084] As described in the previous embodiments of
the present disclosure, the curved electrolyte supply noz-
zles 37b may be formed on ends of the electrolyte supply
pipes 35, and the dispensers 38 of the current embodi-
ment may be provided on ends of the curved electrolyte
supply nozzles 37b. Then, an electrolyte may be uniform-
ly supplied to the entirety of a base sheet 11 while sta-
bilizing the flow field of the electrolyte, and thus the ve-
locity of the electrolyte may be kept uniform in the width
direction of the base sheet 11.

[0085] The inclined electrolyte supply nozzles 37a, the
curved electrolyte supply nozzles 37b, the dispensers
38, or combinations thereof may be formed on the ends
of the electrolyte supply pipes 35 to obtain all or some of
the effects described in the embodiments of the present
disclosure. Furthermore, non-uniform electro-deposition
caused by an unstable flow field of an electrolyte supplied
in a vertical direction may be reduced, and thus metal
foil 50 having a more uniform thickness may be produced.
[0086] In addition, the electrolyte supply pipes 35 may
include honey combs 36 wherein. Owing to the honey
combs 36 disposed in the electrolyte supply pipes 35, an
electrolyte supplied from the electrolyte supply pipes 35
to a base sheet 11 may form a laminar flow on the base
sheet 11. In this case, the above-described phenomena
in which the flow field of an electrolyte is unstable due to
a vortex may be minimized. Furthermore, although an
electrolyte is supplied at high speed to a base sheet 11,
the base sheet 11 may be less vibrated when the elec-
trical collide with the surface of the base sheet 11, and
thus non-uniform electro-deposition may be reduced.
[0087] As shownin FIG. 8, the above-described elec-
tro-deposition may be continuously performed two or
more times by using a plurality of (first and second) hor-
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izontal cells 30 and 130 arranged linearly. In this case,
thicker metal foil 50 may be produced owing to the plu-
rality of horizontal cells 30 and 130. That is, the thickness
of thicker metal foil 50 may be adjusted to a desired valve,
or although the feeding speed of a base sheet 11 is in-
creased, metal foil 50 having a desired thickness may be
produced with high productivity. For example, the first
and second horizontal cells 30 and 130 may be used as
follows. A metal electro-deposition layer 15 is formed on
a base sheet 11 in the horizontal cell 30. Then, in the
second horizontal cell 130, the same electrolyte as that
used in the horizontal cell 30 is supplied to the base sheet
11 on which the electro-deposition layer 15 is formed in
the first horizontal cell 30 so as to induce additional elec-
tro-deposition and thus to form an electro-deposition lay-
er 15’ on the base sheet 11. In this way, metal foil 50 may
be formed.

[0088] Alternatively, in the first and second horizontal
cells 30 and 130, different electrolytes may be supplied
to a base sheet 11 to form metal foil 50 having a plurality
of layers. That s, in this way, metal foil 50 having various
functions may be formed. For example, in the first hori-
zontal cell 30, afirst electrolyte may be supplied to a base
sheet 11 to form a first electro-deposition layer 15, and
in the second horizontal cell 130, a second electrolyte
different from the first electrolyte may be supplied to form
a second electro-deposition layer 15’ on the first electro-
deposition layer 15. In this way, metal foil 50 having a
plurality of layers of different metals may be formed by
using the horizontal cells 30 and 130.

[0089] Metal ions of an electrolyte are not limited as
long as the metal ions can be used in an electroforming
process. For example, Cu, Fe, Ni, Zn, Cr, Co, Ag, Pd, Al,
Sn, or an alloy thereof may be included in an electrolyte
in the form of metal ions.

[0090] The electrolyte tank 40 may include an electro-
lyte heater 41 to heat an electrolyte, an electrolyte filter
42 to remove foreign substances such as slurry from the
electrolyte, and an electrolyte pump 43 to supply the elec-
trolyte to the horizontal cell 30.

[0091] An electrolyte used in electro-deposition may
be collected in the electrolyte tank 40. For this, an elec-
trolyte collecting pipe 45 may be provided. Since an elec-
trolyte is returned to the electrolyte tank 40 after being
used in electro-deposition, the concentration of metal
ions of the electrolyte stored in the electrolyte tank 40
may be reduced below a range required for electro-dep-
osition. Thus, it may be necessary to supplement the
electrolyte with metal ions so as to maintain the metal
ion concentration of the electrolyte at a predetermined
level.

[0092] As described above, a base sheet 11 on which
an electro-deposition layer is formed is discharged from
the base sheet supply device 10 through the exit conduct
rolls 31°. Then, the electro-deposition layer formed on
the base sheet 11 may be separated as metal foil 50 by
a metal foil stripping device. Since the metal foil 50 (elec-
tro-deposition layer) is coupled to the base sheet 11 hav-
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ing oxide films by a surface tension between the metal
foil 50 and the base sheet 11, the metal foil 50 may be
separated from the base sheet 11 by applying a shearing
force. That is, the metal foil stripping device may apply
a shearing force (shearing stress) to the metal foil 50 to
separate the metal foil 50 from the base sheet 11. For
example, the metal foil stripping device may include a
plurality of stripping rollers 51 capable of applying shear-
ing forces. In addition, metal foil 50 may be separated
from one or both sides of a base sheet 11 simultaneously
or one after another by causing a velocity difference be-
tween the metal foil 50 and the base sheet 11.

[0093] Afterthe metalfoil 50is separated from the base
sheet 11, the metal foil 50 and the base sheet 11 may
be wound by using coiling devices 55 and 72, respec-
tively. For example, the coiling devices 55 and 72 may
be cylindrical coiling devices. After proper amounts of
the metal foil 50 and the base sheet 11 are coiled around
the coiling devices 55 and 72, the metal foil 50 and the
base sheet 11 may be cutand wound around other coiling
devices 55 and 72. For example, a metal foil cutting de-
vice 54 and a base sheet cutting device 71 may be used.
A base sheet 11 may be cut at a bonding line thereof.
[0094] According to an embodiment of the present dis-
closure, the horizontal electroforming apparatus 100 may
include a post processing device to process metal foil 50
after the metal foil 50 is discharged from the horizontal
cell 30. In this case, the metal foil 50 may be process
after or before the metal foil 50 is separated from a base
sheet 11. The post processing device may include post-
cleaning devices 52, drying devices (not shown), and
heat-treatment devices 53.

[0095] Since an electrolyte may remain on metal foil
50 electro-deposited on a base sheet 11, the metal foil
50 may be cleaned. For example, the post-cleaning de-
vices 52 may remove an electrolyte and other foreign
substrates remaining on metal foil 50 by using an acid
solution and water. In addition, a soft brush may be used
to effectively remove a remaining electrolyte. Such a
cleaning process may be performed on an electro-dep-
osition layer (metal foil 50) formed on a base sheet 11,
or may be performed on the metal foil 50 after the metal
foil 50 is separated from the base sheet 11.

[0096] After cleaning, air may be blown to the metal
foil 50 at a high pressure so as to remove moisture from
the metal foil 50. In addition, a high-temperature gas
blower or a heater may be used to dry the metal foil 50.
[0097] The metal foil 50 formed by electroforming has
a nanostructure, and a heat treatment process may be
performed on the metal foil 50 to improve the nanostruc-
ture of the metal foil 50. Metal foil 50 formed by electro-
forming may be processed at different temperatures ac-
cording to the use of the metal foil 50. For example, at
300°C to 600°C, the structure of metal foil 50 such as Fe
foil may be changed from a nanostructure to a micro-
structure due to growth of abnormal grains. Such a
change caused by growth of abnormal grains may result
in errors when products are produced using the metal
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foil 50. For example, if electric circuits are formed on the
metal foil 50, the electric circuits may be stripped or short-
circuited in the following high-temperature process.
[0098] Therefore, if metal foil 50 is formed in a temper-
ature range of abnormal grain growth, the metal foil 50
may be previously heat-treated to change the microstruc-
ture of the metal foil 50 so as to prevent the structure of
the metal foil 50 from changing in the next processes. To
this end, the heat-treatment devices 53 may be used.
Process conditions of such a heat treatment process are
not limited but may be varied according to a desired struc-
ture of metal foil 50. For example, such a heat treatment
process may be performed at 300°C to 600°C. In addi-
tion, such a heat treatment process may be performed
under an inert gas atmosphere such as a nitrogen or
argon atmosphere to prevent surface oxidation, and
methods such as induction heating, direct heating, and
contact heating may be used.

[0099] While the method for manufacturing metal foil
50 by electroforming and the horizontal electroforming
apparatus 100 have been described according to the em-
bodiments of the present disclosure, it will be apparent
to those skilled in the related art that modifications and
variations could be made without departing from the spirit
and scope of the present disclosure.

[Mode for Invention]

[0100] Hereinafter, some embodiments of the present
disclosure will be described more specifically according
to the following examples. However, the scope and spirit
of the present disclosure are not limited to the examples.

Example 1

[0101] A simulation was performed. In the simulation,
an electrolyte was supplied between a base sheet and
anodes in the above-described apparatus while using
horizontal anodes having a uniform thickness in the width
direction thereof as the anodes and curved anodes (not
divided into sub electrodes) such as shown in FIG. 3 as
the anodes.

[0102] The width of the base sheet was set to be 1000
nm, and the velocity of the electrolyte was set to be 1000
in Reynolds number to cause a laminar flow.

[0103] After the simulation, current density distribution
along the width of the base sheet was measured as
shown in FIG. 9. In FIG. 9, positions along a half of the
base sheet from an electrolyte supply pipe are denoted.
[0104] As shown in FIG. 9, in the case of using the
horizontal anodes, current density started to noticeably
increase after about the 300-mm position in a center-to-
edge direction. However, in the case of using the curved
anodes, current density was almost constant along the
base sheet and started to gradually increase after about
the 400-mm position.

[0105] Furthermore, in the case of using the curved
anodes, the current density measured at the 500-mm
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position was lower than the current density measured at
the 500-mm position in the case of using the horizontal
anodes by about 35%, and a region having a uniform
current density distribution was increased.

[0106] Based on the results, it may be understood that
the distribution of current density can be more uniformly
maintained by varying the shapes of anodes to vary the
distance between a cathode and the anodes, as com-
pared with the case of using horizontal anodes.

Example 2

[0107] Anothersimulation was performed for the cases
in which an electrolyte supply nozzle such as shown in
FIG. 10A, and curved injection nozzles such as shown
in FIGS. 10B and 10C were used together with electrolyte
supply pipes to supply an electrode through the nozzles,
respectively. In each case, the electrolyte was supplied
in a laminar flow condition and a turbulent flow condition,
respectively, so as to evaluate the degree of stabilization
of flow fields of the electrolyte.

[0108] Stream lines of the flow fields of the electrolyte
in the simulation are shown in FIGS. 11A to 12C. FIGS.
11A to 11C show streamlines when the electrolyte was
supplied in a laminar flow condition (Reynolds number
Re = 1000), and FIGS. 12A to 12C show streamlines
when the electrolyte was supplied in a turbulent flow con-
dition (Reynolds number Re = 5000).

[0109] When the electrolyte was supplied to a laminar
flow field as shown in FIG. 11A through the electrolyte
supply nozzle as shown in FIG. 10A, the flow field was
stabilized after the electrolyte flowed about 0.15 m. How-
ever, when the electrolyte was supplied to a laminar flow
field as shown in FIG. 11B through the curved electrolyte
supply nozzle as shown in FIG. 10B, the flow field was
stabilized after the electrolyte flowed about 0.03 m, and
when the electrolyte was supplied to a laminar flow field
as shown in FIG. 11C through the curved electrolyte sup-
ply nozzle as shown in FIG. 10C, the flow field was also
stabilized after the electrolyte flowed about 0.03 m.
[0110] Fromthe above-describedresults, it may be un-
derstood that when an electrolyte is supplied to a laminar
flow field as shown in FIGS. 11A to 11C, the flow field
may be stabilized more rapidly in the case of using a
curved electrolyte supply nozzle as shown in FIGS. 10B
and 10C than in the case of using an electrolyte supply
nozzle as shown in FIG. 10A. In addition, a uniform elec-
tro-deposition region may also be increased in the former
case.

[0111] Whenthe electrolyte was supplied to a turbulent
flow field as shown in FIG. 12A through the electrolyte
supply nozzle as shown in FIG. 10A, the flow field was
stabilized after the electrolyte flowed about 0.15 m. How-
ever, when the electrolyte was supplied to a turbulent
flow field as shown in FIG. 12B through the curved elec-
trolyte supply nozzle as shown in FIG. 10B, the flow field
was stabilized after the electrolyte flowed about 0.05 m,
and when the electrolyte was supplied to a turbulent flow
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field as shown in FIG. 12C through the curved electrolyte
supply nozzle as shown in FIG. 10C, the laminar flow
field was also stabilized after the electrolyte flowed about
0.03 m.

[0112] Fromthe above-describedresults, it maybe un-
derstood that when an electrolyte is supplied to a turbu-
lentflow field, the flow field may be stabilized more rapidly
in the case of using a curved electrolyte supply nozzle
like in the embodiments of the present disclosure than in
the case of using a right-angled electrolyte supply pipe.
In addition, a uniform electro-deposition region may also
be increased in the former case.

Claims
1. A horizontal electroforming apparatus comprising:

a base sheet supply device configured to con-
tinuously supply a flexible and conductive base
sheet functioning as a cathode in one direction;
a horizontal cell comprising conduct rolls con-
figured to apply a current to the base sheet while
making contact with lateral edges of the base
sheet and moving the base sheet, anodes
spaced apart from one or both sides of the base
sheet, an electrolyte supply device configured
to supply an electrolyte containing metal ions to
a horizontal passage formed by the base sheet
and the anodes, and a current supply device
configured to supply a current to the conduct
rolls and the anodes to cause electro-precipita-
tion of the metal ions on one or both sides of the
base sheet; and

a stripping device configured to strip metal foil
electro-deposited on one or both sides of the
base sheet from the base sheet.

2. The horizontal electroforming apparatus of claim 1,
wherein the electrolyte supply device comprises an
electrolyte supply nozzle configured to supply an
electrolyte to one or both sides of the base sheet in
the same direction as a moving direction of the base
sheet, a direction opposite to the moving direction
of the base sheet, or both directions.

3. The horizontal electroforming apparatus of claim 1,
wherein a plurality of horizontal cells are provided,
and the plurality of horizontal cells are arranged lin-
early, in a moving direction of the base sheet.

4. The horizontal electroforming apparatus of claim 1,
further comprising a heat treatment device config-
ured to perform a heat treatment such as induction
heating, atmosphere heating, or direct heating on
the metal foil electro-deposited on the base.

5. The horizontal electroforming apparatus of claim 1,
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10.

1.

12.

13.

14.

15.

16.

17.

20

wherein the stripping device comprises a plurality of
rollers capable of causing a difference in shear force
between the base sheet and the metal foil.

The horizontal electroforming apparatus of claim 1,
wherein each of the anodes has a thickness decreas-
ing from a center to edges thereof in a width direction
of the base sheet.

The horizontal electroforming apparatus of claim 1,
wherein an edge mask is disposed in the horizontal
cell to prevent electro-precipitation of metal ions on
the lateral edges of the base sheet.

The horizontal electroforming apparatus of claim 1,
wherein each of the anodes is divided into a plurality
of sub electrodes in a width direction of the base
sheet.

The horizontal electroforming apparatus of claim 8,
wherein the sub electrodes have different sizes.

The horizontal electroforming apparatus of claim 9,
wherein different currents are supplied to the sub
electrodes.

The horizontal electroforming apparatus of claim 1,
wherein each of the anodes is divided into a plurality
of sub electrodes in a moving direction of the base
sheet.

The horizontal electroforming apparatus of claim 11,
wherein the sub electrodes have different sizes.

The horizontal electroforming apparatus of claim 12,
wherein different currents are supplied to the sub
electrodes.

The horizontal electroforming apparatus of claim 3,
wherein the electrolyte supply nozzle is inclined or
curved to supply an electrolyte in a electrolyte-flow
direction.

The horizontal electroforming apparatus of claim 14,
wherein at least an end portion of the electrolyte sup-
ply pipe is separable, to supply an electrolyte in for-
ward and backward directions relative to the moving
direction of the base sheet.

The horizontal electroforming apparatus of claim 14,
wherein the end portion has a sectional shape similar
to the shape of a de Laval nozzle.

A method for manufacturing metal foil, the method
comprising:

supplying an electrolyte containing metal ions
to a surface of a flexible and conductive base
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22.

23.

24,
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sheet which functions as a cathode and is hor-
izontally fed in one direction;

forming an electro-deposition layer on one or
both sides of the base sheet through electro-
precipitation of the metal ions of the electrolyte
on one or both sides of the base sheet, the elec-
tro-precipitation of the metal ions being caused
by the base sheetand anodes spaced apartfrom
one or both sides of the base sheet; and
stripping the electro-deposition layer from the
base sheet as metal foil.

The method of claim 17, wherein one or both sides
of the base sheet are coated with oxide films.

The method of claim 17, wherein the stripped metal
foil is heat-treated at 300°C to 600°C.

The method of claim 17, wherein the electrolyte is
supplied to a horizontal passage formed between
the base sheet and the anodes in the same direction
as a moving direction of the base sheet and a direc-
tion opposite to the moving direction of the base
sheet.

The method of claim 17, wherein different electro-
lytes are supplied to both the sides of the base sheet.

The method of claim 17, wherein prior to the stripping
of the electro-deposition layer, the method further
comprises: secondarily supplying an electrolyte; and
secondarily forming an electro-deposition layer.

The method of claim 22, wherein different electro-
lytes are supplied in the supplying of the electrolyte
and the secondary supplying of the electrolyte.

The method of claim 23, wherein the metal foil has
a multi-layer structure.
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