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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method of
manufacturing a porous metal sheet which is preferably
used as an electrode substrate of a battery; the porous
metal sheet manufactured by the manufacturing meth-
od; and an electrode for a battery using the porous metal
sheet. More particularly, the present invention relates to
a porous sheet formed of metal powders so that an ac-
tive substance is filled into pores thereof. The porous
metal sheet is preferably used as the electrode sub-
strate of a nickel hydrogen battery, a nickel cadmium
battery, a lithium primary battery, a lithium secondary
battery, an alkali dry cell, a fuel cell and so on; and an
electrode plate of various batteries, for example a bat-
tery for vehicles.

2. Description of the Related Art

[0002] As porous metal sheets of this type which are
used as the electrode substrate of batteries, the present
applicant proposed various kinds of metal porous ma-
terials made of a foamed material, a nonwoven sheet,
a mesh material, a laminated sheet comprising two or
more thereof by treating these materials so that they are
electrically conductive and then electroplating them.
[0003] In manufacturing the porous metal sheet by the
method, it is necessary to perform an electric conductive
treatment by a method such as vaporizing method,
chemical plating method or carbon application method
as a pre-treatment of electric plating. It is troublesome
and costly to carry out these methods. Further, when the
foamed material, the nonwoven sheet, the mesh mate-
rial are electroplated and burnt to remove resinous ma-
terial and metal powders are sintered, burnt-off portions
are cavitied. Thus, an active substance cannot be filled
thereinto.
[0004] In view of the problems, the present applicant
proposed many methods of manufacturing the porous
metal sheet from metal powders.
[0005] In any of the above-described methods, using
adhesive agent, fine metal powders are applied to entire
surfaces including the inner surfaces of pores of the
foamed material, the nonwoven sheet, the mesh mate-
rial or the laminated sheets thereof so as to form a con-
ductive metal layer thereon. Then, the resinous material
is removed and the metal powders are sintered to form
porous metal sheets.
[0006] In the above-described conventional methods
of forming the porous metal sheet, using fine metal pow-
ders, fine metal powders are applied to the surface of
the porous base plate such as the foamed material, the
nonwoven sheet, the mesh material, or the laminated
sheets thereof. Thus, the size and shape of the pore of

the porous metal sheet is restricted by the size and
shape of the pore of the porous base plate. Thus it is
difficult to form a pore smaller or greater than the pore
of the porous base plate and a pore whose shape is dif-
ferent from that of the pore of the porous base plate.
[0007] As one of the conditions required as the sub-
strate of the electrode plate, it is necessary that the po-
rous metal sheet is thin to accommodate a large amount
of an active substance so as to improve the performance
of a battery. But in the above-described conventional
methods of forming the porous metal sheet, using fine
metal powders, the thickness of a porous metal sheet is
restricted by the thickness of the base plate. Hence it is
difficult to manufacture a porous metal sheet having a
thickness 1mm or less.
[0008] Further, adhesive agent is used in any of the
above-described conventional methods. That is, fine
metal powders are applied to the base plate by mixing
them with the adhesive agent or after the adhesive
agent is applied to the base plate. Therefore, the adhe-
sive agent is present between adjacent fine metal pow-
ders. Thus when the adhesive agent is burnt off, togeth-
er with the base plate during the removal of the resinous
material and the sintering of the fine metal powders,
large gaps are formed between the adjacent fine metal
powders. As such, it is difficult to control the shape and
size of the pore. In addition, the number of processes is
increased because the adhesive agent is used.
[0009] Further, a solid metal foil is hitherto used as
the substrate of the positive and negative electrodes of
a lithium secondary battery. In this case, lithium ions are
incapable of moving from the front surface of the elec-
trode substrate to the rear surface thereof and from the
rear surface thereof to the front surface. Therefore, in
order to obtain a possible most uniform and thinnest ac-
tive substance layer, the active substance is required to
be applied to one surface of each of the positive and
negative electrodes. In addition, because the surface of
the substrate is smooth, the active substance is liable
to be separated from the base plate.
[0010] In porous metal sheet having punching shape,
lath-shape, mesh-shape, foamed sheet-shape, nonwo-
ven sheet-shape and so on, lithium ions are capable of
moving from the front surface of the electrode substrate
to the rear surface thereof and vice versa and further,
the thickness of the active substance can be controlled
at both the front and rear surfaces of the electrode sub-
strate by the porous metal sheets. Thus, research and
development are being made to use such the porous
metal sheets as the electrode substrate of the lithium
secondary battery. But the size of the solid portion of the
conventional porous metal sheet and the size of the pore
thereof are not uniform. Therefore, the lithium ions are
incapable of moving uniformly and sufficiently. Although
it is preferable that the porous metal sheet has a large
number of small pores thereon to allow the lithium ions
to move smoothly, the porous metal sheet which satisfy
such a demand has not been proposed.

1 2



EP 0 864 389 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0011] The electrode substrate of the lithium second-
ary battery is required to have a thickness of 10µm -
30µm. But as described above, it is difficult for the con-
ventional art to manufacture a porous metal sheet hav-
ing a thickness lmm or less. That is, it is impossible to
manufacture a porous metal sheet whose thickness is
as small as a thin foil.
[0012] In recent years, portable equipment such as a
video camera, a liquid crystal compact television, a CD
player, and the like requiring high current have come into
wide use. Thus, there is a growing demand for the de-
velopment of batteries having a great discharge capac-
ity and superior in discharge characteristic in a high
load-applied state. But in the conventional alkali dry cell
having a separator, pellets having positive electrode is
filled outside the separator and gel powdered zinc is
filled inside the separator. As such, it is very difficult for
the alkali dry cell to have a great discharge capacity and
have an improved discharge characteristic in a high
load-applied state because the battery can has a limited
space.
[0013] In order to solve the problem, researches are
made on an alkali dry cell whose negative electrode
plate consists of a punching or expanding solid zinc foil
or zinc foil and positive electrode plate consists of metal
oxide. The negative electrode plate and the positive
electrode plate are spirally coiled with a separator inter-
posed to increase the area of the negative electrode
plate and the positive electrode plate and the discharge
capacity of the battery and improve the discharge per-
formance thereof in a high load-applied state. But the
punching or expanding zinc foil has a problem that the
open area ratio is about 50% or less because pores are
two-dimensional; pore-forming processing is carried out
and thus a pore-formed portion is cut off, and hence ma-
terial left parts of material are much; processing and ma-
terial costs become high as the thickness of the zinc foil
is increasingly thin; and strain and burr are liable to ap-
pear in the pore-forming process. Further, the solid zinc
foil and the conventional porous metal sheet have prob-
lems similar to those of the lithium secondary battery.
[0014] Another method of manufacturing a porous
metal sheet is known from FR-A- 1 035 359, wherein a
metal powder is spread on a supporting sheet and sin-
tered.
[0015] Further, conventionally, the electrode of alkali
secondary batteries such as the nickel hydrogen battery
and the nickel cadmium battery is formed as follows;
paste-like slurry of an active substance formed by mix-
ing an active substance such as hydrogen-storing alloy
powder or powder of nickel hydroxide and electrically
conductive agent comprising carbon, binder and so on
is applied to a collector such as punching metal, metal
mesh, expanded metal. But the binder prevents flow of
electric current, thus making the electricity-collecting
property in the thickness direction of the electrode
worse.

SUMMARY OF THE INVENTION

[0016] The present invention has been developed to
solve the problems and to improve a manufacturing
method of a porous metal sheet made from metal pow-
ders. It is an object of the present invention to provide
a porous metal sheet-manufacturing method capable of
controlling the thickness thereof, the size of pores, the
shape thereof as desired and eliminating the use of ad-
hesive agent so as to manufacture the porous metal
sheet in a simple process; and the porous metal sheet
which is manufactured by the method.
[0017] It is another object of the present invention to
provide an electrode which comprises a metal sheet into
which a binder-unadded active substance consisting of
powders can be charged and is superior in electricity-
collecting performance.
[0018] In order to solve the problems, there is provid-
ed a method of manufacturing a porous metal sheet ac-
cording to claim 1 and comprising the steps of:

spreading metal powders on a feeding belt which is
continuously fed;
passing the feeding belt on which the metal pow-
ders have been spread through a sintering oven;
and
sintering the metal powders, with adjacent uncom-
pressed metal powders in contact with each other
partly and gaps present therebetween so as to in-
tegrate contact portions of the metal powders with
each other and form the gaps as fine pores.

[0019] The feeding belt comprises a solid metal sheet,
an inorganic sheet including a porous metal sheet; or a
laminated sheet of the solid metal sheet and the inor-
ganic sheet including a porous metal sheet of a circu-
lating driving device of belt conveyor type. For example,
the feeding belt is SUS (310S). Metal powders spread
on the feeding belt can be separated therefrom by sin-
tering them to form into a sheet. That is, the metal pow-
ders can be formed into a porous metal sheet continu-
ously with high efficiency by passing the feeding belt be-
ing continuously fed through the sintering oven.
[0020] As described above, because the metal pow-
ders spread on the feeding belt are kept uncompressed,
spherical surfaces of adjacent metal powders are not in
contact with each other but in a dot contact state or in a
line contact state, and thus gaps are present between
the adjacent metal powders. When they are heated in
this state at a required temperature in a sintering oven,
contact portions of the adjacent metal powders are in-
tegrated with each other. As a result, the gaps between
the metal powders are formed as fine pores and thus a
porous metal sheet can be continuously formed.
[0021] Accordingly, the size of a pore depends on the
size of a metal powder. That is, a large pore is formed
when the diameter of the metal powder is large, whereas
a small pore is formed when the diameter of the metal
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powder is small. The metal powder having a diameter
in a range of 0.1µm - 100µm is preferably used.
[0022] Metals which are used as the material of the
porous metal sheet are not limited to specific kinds. The
following substances are preferably used: Ni, Cu, Al, Ag,
Fe, Zn, In, Ti, Pb, V, Cr, Co, Sn, Au, Sb, C, Ca, Mo, P,
W, Rh, Mn, B, Si, Ge, Se, La, Ga and Ir. Each metal
described above is used in the form of oxide and sulfide
thereof and a simple substance or a mixture, including
compounds of these metals. That is, Al, Ti and V which
cannot be used in electroplating can be used. It is pos-
sible to use one kind of metal selected from these metals
in tile form of powders or a mixture of a plurality of these
metals in the form of metal powders. It is desirable that
metal powders of these metals do not intertwine with
one another and are dispersed favorably. That is, the
peripheral surfaces of the metal powders are desired not
to be convex or concave so that they do not intertwine
one another. Thus, it is preferable that the metal pow-
ders are spherical, dice-shaped, square pillar and co-
lumnar.
[0023] Because the feeding belt is porous, metal pow-
ders spread thereon drop from the pores of the feeding
belt. Consequently, through-holes are formed on the re-
sulting porous metal sheet. The through-holes are larger
than pores consisting of small gaps present between the
metal powders. As such, the resulting porous metal
sheet has the large through-holes and the fine pores.
Metal powders which have dropped from the pores of
the feeding belt are collected to recycle them.
[0024] Further, there is provided a method of manu-
facturing a porous metal sheet as defined in claim 3
comprising the steps of feeding a supporting sheet con-
tinuously; spreading metal powders on the supporting
sheet; feeding the supporting sheet on which the metal
powders have been spread on a feeding belt; and pass-
ing the supporting sheet through a sintering oven, to-
gether with the feeding belt; and sintering the metal pow-
ders on the supporting sheet, with adjacent uncom-
pressed metal powders in contact with each other partly
and gaps present therebetween so as to integrate con-
tact portions of the metal powders with each other and
form the gaps as fine pores.
[0025] The supporting sheet comprises an organic
sheet including a solid resinous sheet, a three-dimen-
sional reticulate resinous sheet and a porous fibrous
resinous sheet, an inorganic sheet including a solid met-
al sheet and a porous metal sheet or a laminated sheet
composed of a plurality of sheets selected from the
sheets.
[0026] Because the supporting sheet is used, the re-
sulting porous metal sheet can be separated from the
feeding belt more easily than the porous metal sheet
formed on the feeding belt by directly spreading metal
powders thereon. A resinous sheet used as the support-
ing sheet is burnt off in a resinous material-removing ov-
en. An inorganic sheet such as a metal sheet is not re-
moved by heating. Some inorganic sheets are separat-

ed from the resulting porous metal sheet, whereas some
inorganic sheets are not separated therefrom but fed
downstream, together with the feeding belt and wound
around a roll. The supporting sheet formed of a thin met-
al plate can be fed at a high speed and thus a high pro-
ductivity can be obtained.
[0027] Since a sheet having a large number of holes
is used as the supporting sheet, as same as the case of
the feeding belt, a porous metal sheet having fine pores
surrounded with the metal powders and large through-
holes formed in portions corresponding to the holes of
the sheet used as the supporting sheet is obtained.
[0028] The feeding belt or the supporting sheet on
which the metal powders have been spread is passed
through a cooling oven positioned subsequently to the
sintering oven to cool the metal powders after the metal
powders are sintered.
[0029] Preferably, after the metal powders are sin-
tered and cooled, the resulting porous metal sheet is
passed between a pair of rolling rollers to increase an
area of integrated portions of the metal powders with
each other so as to increase the strength of the porous
metal sheet.
[0030] Preferably, the sintering, the cooling, and the
rolling are repeated at a plurality of times.
[0031] Further after the metal powders are sintered,
cooled, and rolled, the resulting porous metal sheet is
preferably separated from the feeding belt or the sup-
porting sheet.
[0032] That is, it is possible to use the porous metal
sheet formed by sintering metal powders as an elec-
trode substrate. When the porous metal sheet does not
have a desired strength because pores thereof are large
and the area of integrated portions of the metal powders
is small, the area of integrated portions thereof can be
increased by rolling the obtained porous metal sheet
lightly. If a great force is applied to the porous metal
sheet at a time, it may be meandered or cracked. There-
fore, it is preferable that the porous metal sheet is rolled
at a small rolling coefficient at a plurality of times.
[0033] Preferably, metal powders are spread again on
a surface of the porous metal sheet formed by the sin-
tering and sintered so that the thickness of the porous
metal sheet is increased to a required one and the ten-
sile strength thereof is improved.
[0034] Further, preferably, after the metal powders
are spread on the feeding belt or the supporting sheet,
the metal powders are pressed at a required small pres-
sure by a pressing roller, and then, the metal powders
are passed through the sintering oven to sinter the metal
powders.
[0035] The pressing roller is used not to compress the
metal powders but increase the contact area thereof.
The metal powders can be integrated with one another
in a great area and the strength of the porous metal
sheet can be enhanced by sintering it after pressing it
lightly by the pressing roller.
[0036] Furthermore, the supporting sheet is prefera-
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bly burnt off in a resinous material-removing oven.
[0037] The supporting sheet may not be burnt off in
the resinous material-removing oven but the supporting
sheet and the porous metal sheet formed of the metal
powders may be laminated one on the other. That is, a
porous metal sheet having a laminated structure. Using
various kinds of supporting sheets selectively, it is pos-
sible to manufacture porous metal sheets of various
forms by forming the laminated structure.
[0038] Metal sheets listed below may be used as the
supporting sheet to laminate the porous metal sheet
formed of metal powders one on the other to form the
laminated structure. Further, after forming a porous met-
al sheet of metal powders, the porous metal sheet and
the metal sheets list below are laminated one on the oth-
er and integrated with each other to manufacture a po-
rous metal sheet having the laminated structure.
[0039] The metal sheets include a solid metal plate or
a solid metal foil; a metal plate or foil having a large
number of pores formed thereon; a metal mesh; a metal
screen or/and three-dimensional reticulate foamed
sheet; a porous fibrous resinous sheet; a mesh sheet or
a porous metal sheet comprising a laminated sheet of
these sheets; the porous metal sheet formed by remov-
ing a resinous material and sintering after plating the
laminated sheet with a metal, evaporating a metal ther-
eon, applying fine metal powders or spraying a metal
thereto; a porous metal sheet formed of metal fibers; a
porous metal sheet made of metal powders rolled by a
pair of rolling rollers, at least one of which serves as a
pattern roller; and a laminated sheet comprising these
sheets laminated one on the other and integrated with
each other.
[0040] It is possible to laminate the porous metal
sheet manufactured by the method of the present inven-
tion; a metal plate or foil having a large number of pores
formed thereon; a metal mesh; a metal screen; a three-
dimensional reticulate foamed sheet or a nonwoven
sheet-shaped porous metal sheet on both surfaces of
the porous metal sheet manufactured by the method of
the present invention by differentiating the size of pores
of the porous metal sheet positioned on one surface of
the laminated sheet and that of pores of the porous met-
al sheet positioned on the other surface thereof and dif-
ferentiating the open area ratio or/and the diameter of
the porous metal sheet.
[0041] In a method according to claim 12 a sheet hav-
ing convexes and concaves formed alternately with
each other is used as the feeding belt or the supporting
sheet, so that metal powders which have been spread
on the convexes are dropped to the concaves by vibrat-
ing the metal powders or by a scraping means and then
sintered in a sintering oven so as to form fine pores be-
tween the adjacent metal powders and pores consisting
of large through-holes corresponding to the convexes.
[0042] Because concaves and convexes are formed
on the feeding belt and the supporting sheet on which
metal powders are spread, the metal powders drop from

the convexes to the concaves and accumulate in the
concaves. Metal powders accumulated on the surfaces
of the convexes are dropped to the concaves by vibrat-
ing the feeding belt or the supporting sheet. When the
metal powders dropped to the concaves are sintered, a
porous metal sheet is obtained, with the metal powders
integrated with each other partly and pores present
among the metal powders. Therefore, as in the case of
the supporting sheet having holes formed thereon, the
porous metal sheet thus manufactured has fine pores
and comparatively large through-holes.
[0043] Pores of a porous sheet which is used as the
feeding belt and the supporting sheet and the convexes
are random shapes such as circular, rhombic, polygonal
or elliptic. The pores and the convexes are preferably
formed lengthwise and widthwise at predetermined in-
tervals.
[0044] Because the pores or the convexes are formed
on the feeding belt and the supporting sheet, a porous
metal sheet having through-holes corresponding to the
pores or the convexes is formed. If the pores or the con-
vexes are circular, the formed porous metal sheet has
hole-shaped pores. If the pores or the convexes are
rhombic, pores of the formed porous metal sheet are
lath-shaped.
[0045] In a method according to claim 14 a sublimable
fine fragment which is burnt off by heating is mixed with
the metal powders or spread on the feeding belt or the
supporting sheet before the metal powders are spread
thereon, and the sublimable fine fragment are burnt off
in a resinous material-removing oven to form fine pores
between the adjacent metal powders and large pores
formed in portions where the sublimable fine fragment
has been present.
[0046] Since some agent such as foaming agent gen-
erating gas when it is heated is used as the sublimable
fine fragment, a resulting porous metal sheet has
through-holes formed by the generated gas. Further, the
size of the through-holes can be controlled according to
the diameter of particles of the sublimable fine fragment.
[0047] Further, in the present invention there is pro-
vided a porous metal sheet manufactured by the method
in above-mentioned.
[0048] The porous metal sheet formed by using the
sublimable fine fragment or/and the feeding belt and the
supporting sheet consisting of a porous sheet or a ma-
terial having convexes and concaves formed alternately
with each other, is punching shape, reticulate shape,
honeycomb-shape, lath-shape, lattice-shape, expand-
ed sheet-shape, screen-shape or lace-shape. That is, a
porous metal sheet having a desired shape can be man-
ufactured according to the shape of the sublimable fine
fragment, the shape of the pore of a porous sheet, the
shape of the convex.
[0049] The porous metal sheet has preferably pore-
unformed lead portions spaced at predetermined inter-
vals.
[0050] Further, in the present invention, there is pro-
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vided a substrate for a battery electrode comprising the
porous metal sheet formed by the above method.
[0051] Further, in the present invention, there is pro-
vided an electrode for a battery in which an active sub-
stance is charged into a pore of the substrate for a bat-
tery electrode, and an active substance layer is formed
on at least one surface of the substrate for a battery elec-
trode.
[0052] As the active substance, the following sub-
stances can be used: metals such as zinc, lead, iron,
cadmium, aluminum, lithium, and the like; metal hydrox-
ides such as nickel hydroxide, zinc hydroxide, aluminum
hydroxide, iron hydroxide, and the like; complex oxides
such as lithium dimanganese tetraoxide, lithium cobalt
dioxide, lithium nickel dioxide, lithium divanadium
tetraoxide and the like; metal oxides such as manga-
nese dioxide, lead dioxide, and the like; electrically con-
ductive polymers such as polyaniline, polyacethylene,
and the like; hydrogen-storing alloy; carbon; and other
substances. The kind is not limited.
[0053] Conventionally, when the active substance is
charged into a substrate for a battery electrode, an elec-
trically conductive material such as carbon powders and
binder are added to the active substance. But according
to the present invention, the active substance is used
without adding the binder thereto. The porous metal
sheet of the present invention has fine pores into which
powders of the active substance can be charged without
binding them by the binder. In particular, when a pore
has a three-dimensional structure, powders of the active
substance can be held at a high strength and thus can
be reliably held without being dropped from the porous
metal sheet. The electricity-collecting performance of
the electrode can be outstandingly enhanced by not
adding the binder to the active substance.
[0054] In the case of the negative electrode of a nickel
hydrogen battery, powders containing hydrogen-storing
alloy as the main component is used as the active sub-
stance. The active substance consists of hydrogen-stor-
ing alloy powder or mixture of the hydrogen-storing alloy
powder and a transition metal. Further, it is preferable
that a surface of the active substance layer is covered
partly or entirely with the transition metal.
[0055] It is preferable that an active substance con-
taining hydrogen-storing alloy as a main component is
successively supplied at a required pressure to a porous
metal sheet successively formed by the method at
above-mentioned to fill pores of the porous metal sheet
with the active substance, and an active substance layer
having a required thickness is formed on at least one
surface of the porous metal sheet. That is, the electrode
can be successively manufactured by successively sup-
plying powders of the active substance to the porous
metal sheet at a required pressure after the process of
forming metal powders into the porous metal sheet
which constitutes an electrode substrate finishes.
[0056] Further, in the present invention, there is pro-
vided a battery comprising the electrode for a battery.

As the battery, a nickel hydrogen battery, a nickel cad-
mium battery, a lithium primary battery, a lithium sec-
ondary battery, an alkali dry cell, a fuel cell; and a battery
for vehicles are exemplified.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] These and other objects and features of the
present invention will become clear from the following
description taken in conjunction with the preferred em-
bodiments thereof with reference to the accompanying
drawings throughout which like parts are designated by
like reference numerals, and in which:

Fig. 1 is a schematic view showing an apparatus for
carrying out the method of a first embodiment of the
present invention;
Fig. 2 is a schematic enlarged view showing a state
of spread metal powders;
Fig. 3 is a schematic view showing an apparatus of
a modification of the first embodiment;
Fig. 4 is a schematic view showing an apparatus of
another modification of the first embodiment;
Fig. 5 is a schematic view showing an illustrative
example;
Fig. 6 is a schematic view showing an apparatus of
a modification of the illustrative example;
Fig. 7 is a schematic view showing an apparatus of
another modification of the illustrative example;
Fig. 8 is a schematic view showing an apparatus for
carrying out the method of a third embodiment of
the present invention;
Fig. 9 is a plan view showing a porous metal sheet
which is manufactured by the method of the third
embodiment;
Figs. 10 (A) through 10 (D) are plan views each
showing a supporting sheet which is used in the
third embodiment;
Fig. 11 is a schematic view showing an apparatus
for carrying out the method of a fourth embodiment
of the present invention;
Fig. 12 (A) is a schematic view showing the principle
of the method of the fourth embodiment;
Fig. 12 (B) is a plan view showing a porous metal
sheet which is formed by the method of the fourth
embodiment;
Figs. 13 (A) and (B) are schematic views showing
an apparatus for carrying out by the method of a
fifth embodiment of the present invention;
Fig. 14 is a schematic sectional view showing a po-
rous metal sheet which is manufactured by the
method of the fifth embodiment;
Fig. 15 is a schematic sectional view showing a
through-hole-forming process of a modification of
the fifth embodiment;
Fig. 16 is a schematic view showing an apparatus
for carrying out the method of a sixth embodiment
of the present invention;

9 10



EP 0 864 389 B1

7

5

10

15

20

25

30

35

40

45

50

55

Fig. 17 is a schematic sectional view showing main
portions of an apparatus for carrying out the method
of a seventh embodiment of the present invention.
Fig. 18 is a schematic view showing the method of
an eighth embodiment;
Fig. 19 is an enlarged view of an electrode manu-
factured by the method of the eighth embodiment;
and
Fig. 20 is an enlarged sectional view of an electrode
manufactured by a modified method of the eighth
embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0058] The embodiments of the present invention will
be described below in detail with reference to drawings.
[0059] Fig. 1 shows an apparatus for carrying out the
manufacturing method of the first embodiment. The cir-
culating driving device 1 of belt conveyer type comprises
an endless feeding belt 2, a storing hopper 3, for storing
metal powders P, positioned over the feeding belt 2 and
at the upstream side thereof; a sintering oven 4; and a
cooling oven 5 both positioned at the downstream side
thereof. The feeding belt 2 is SUS (310S) which is flex-
ible. An unshown metering controller is installed on a
discharge opening 3a positioned at the lower end of the
storing hopper 3 so that the metal powders P can be
spread on the upper surface of the feeding belt 2 at a
required density and thickness. The metal powders P
have diameters in the range of 0.1µm - 100µm and are
preferably, spherical, flake-shaped or spike-shaped.
[0060] As described above, because the metal pow-
ders P spread on the feeding belt 2 are in an uncom-
pressed state, as shown in Fig. 2, entire surfaces of ad-
jacent metal powders are not in contact with each other,
but partly in contact with each other. More specifically,
they are in a dot contact state or in a line contact state,
thus forming pores C (gaps) between the adjacent metal
powders P.
[0061] In this state, together with the feeding belt 2,
the metal powders P are passed through into the sinter-
ing oven 4 to sinter them by heating them at a required
temperature. As a result, contact portions of the adja-
cent metal powders P are fused together. Because the
gaps (C) are still present, the pores (C) are present
among the metal powders P integrated with each other
to form a fine porous structure. In this manner, a porous
metal sheet 10 is continuously formed. As described
above, after the porous metal sheet 10 is obtained by
sintering the metal powders P in the sintering oven 4, it
is cooled in the cooling oven 5 at a required temperature.
[0062] The porous metal sheet 10 obtained as de-
scribed above by sintering the metal powders P in the
sintering oven 4 may be used as the electrode plate of
a battery. If a required strength cannot be obtained be-
cause the pore (C) is great and the area of the integrated
portions of the adjacent metal powders P is small, the

porous metal sheet 10 is separated from the feeding belt
2 and passed between a pair of rolling rollers 6 to roll it
lightly as shown in Fig. 1. Consequently, the area of the
integrated portions of the adjacent metal powders P is
increased.
[0063] After the porous metal sheet 10 is passed be-
tween the rolling rollers 6 to increase the area of contact
of the integrated portions of the metal powders P, it is
passed through a second sintering oven 7 to fuse the
contact portions of the metal powders P together, and
then, cooled by a second cooling oven 8.
[0064] When a great pressure is applied to the porous
metal sheet 10 at a time when it is rolled, it may be dam-
aged, cut or zigzag. Thus, the porous metal sheet 10 is
rolled at a plurality of times. That is, after the porous
metal sheet 10 is passed between the second cooling
oven 8, it is rolled again by a pair of second rolling rollers
9 to increase the area of contact portion of the metal
powders P. Then, the porous metal sheet 10 is passed
between a third sintering oven 11 and a third cooling ov-
en 12, and then passed between a pair of skin pass roll-
ers 13 to temper it. Finally, the porous metal sheet 10 is
wound around a roller as a coil 14.

Experiment 1

[0065] Flat copper powders whose average diameter
was 40 µ m obtained by electrolysis were spread on the
feeding belt 2 from the hopper 3 at a rate of 135g/m2.
The copper powders were sintered in a non-oxidizing
atmosphere in the sintering oven 4 at 600°C - 950°C.
At this time, the copper powders contracted at about 7%
in the width direction of a resulting porous metal sheet
10. Then, it was cooled to 50°C in the cooling oven 5.
When it was discharged from the cooling oven 5, it was
separated from the feeding belt 2.
[0066] Then, the porous metal sheet 10 was rolled by
the rolling roller 6. The obtained porous sheet of copper
was 22µm in thickness; 26% in open area ratio; 145g/
m2 in weight; 1.5kgf/20mm in tensile strength.
[0067] Then, the porous metal sheet was sintered in
a non-oxidizing atmosphere in the second sintering ov-
en 7 at 950°C and then cooled in the second cooling
oven 8. After it was rolled again in the second rolling
roller 9, it was sintered at 950°C in a non-oxidizing at-
mosphere in the third sintering oven 11 and then cooled
by the third cooling oven 12. Thereafter, it was passed
between the skin pass roller 13 to temper it.
[0068] The porous metal sheet 10 obtained as the end
product was 18µm in thickness; 16% in open area ratio;
134g/m2 in weight; 2.8kgf/20mm in tensile strength. By
repeating rolling and sintering at a plurality of times as
described above, the porous mnetal sheet having a firm
connection between the metal powders and thus a high
tensile strength was obtained.
[0069] Figs. 3 and 4 show a modification of the first
embodiment, respectively. In the modification shown in
Fig. 3, the circulating driving device 1 of belt conveyor
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type has a long belt conveyor. After the metal powders
P were spread on the feeding belt 2 from a first hopper
3A, a porous metal sheet was formed by passing the
metal powders through into a first sintering oven 4A and
a first cooling oven 5A, and then, the metal powders P
were spread on the porous metal sheet from a second
hopper 3B and sintered in a second sintering oven 4B
and cooled in a second cooling oven 5B. In this manner,
the porous metal sheet 10 having a great thickness was
obtained by repeating spreading and rolling/sintering at
a plurality of times.
[0070] As described above, after repeating spreading
and sintering/cooling of the metal powders P at a plural-
ity of times on the feeding belt 2, the porous metal sheet
10 is separated from the feeding belt 2 and passed be-
tween the rolling roller 6, similarly to the first embodi-
ment, and then, sintered again in the sintering oven 7
and cooled again in the cooling oven 8 to increase the
strength thereof. Finally, the porous metal sheet 10 is
wound around a roller as a coil 14.
[0071] In the modification shown in Fig. 4, the metal
powders P are spread on the feeding belt 2 of the circu-
lating driving device 1 of belt conveyor type from the first
hopper 3A. After the porous metal sheet 10 formed by
heating the metal powders P in the first sintering oven
4A and cooling them in the first cooling oven 5A is sep-
arated from the feeding belt 2, it is rolled by the rolling
roller 6. Then, the porous metal sheet 10 is placed on
the feeding belt 2 of a second circulating driving device
1B of belt conveyor type again. Then, the metal powders
P are spread over it from the second hopper 3B and in-
troduced into the second sintering oven 4B and the sec-
ond cooling oven 5B. The thickness of the porous metal
sheet can be increased by the method. After the porous
metal sheet 10 is discharged from the second cooling
oven 5B, it is separated from the feeding belt 2 of the
second circulating driving device 1B, and is then passed
between a pair of the rolling rollers 9. After the porous
metal sheet 10 is introduced into the third sintering oven
11 and the third cooling oven 12 and passed between
the skin pass roller 13, it is wound around a roller as the
coil 14. That is, the porous metal sheet 10 having a large
thickness and a high strength can be obtained by re-
peating the spread of the metal powder sintering and
cooling thereof rolling thereof.
[0072] Fig. 5 is a schematic view showing an illustra-
tive example. In the illustrative example, metal powders
P are not directly spread over the feeding belt 2 of the
circulating driving device 1, but a supporting sheet 20 is
continuously unwound from a coil 21 and fed down-
stream to the upper surface of the feeding belt 2 by the
guidance of a guide roller 22. In a region at the upstream
side of the circulating driving device 1, the metal pow-
ders P are spread over the supporting sheet 2 from a
hopper 3.
[0073] The supporting sheet 20 on which the metal
powders P have been spread is fed to a resinous mate-
rial-removing oven 23, the sintering oven 4, and the

cooling oven 5 sequentially, with the supporting sheet
20 placed on the feeding belt 2. The supporting sheet
20 is burnt off in the resinous material-removing oven
23; then, the metal powders P are sintered in the sinter-
ing oven 4 to form the porous metal sheet 10; and then,
the porous metal sheet 10 thus formed is cooled in the
cooling oven 5.
[0074] Similarly to the first embodiment, when the po-
rous metal sheet 10 is discharged from the cooling oven
5, it is separated from the feeding belt 2 and then,
passed between a pair of the rolling rollers 6 to roll the
porous metal sheet 10. Then, the porous metal sheet
10 is fed to the second sintering oven 7, the second cool-
ing oven 8, the second rolling roller 9, the third sintering
oven 11, the third cooling oven 12, and the skin pass
roller 13. Finally, it is wound around a roller as the coil 14.
[0075] Fig. 6 is a schematic view showing an appara-
tus carrying out the method of a modification of the il-
lustrative example. In the modification, as the support-
ing sheet, an inorganic supporting sheet 20' which is not
removed by heating in the sintering oven is used. In us-
ing the inorganic supporting sheet 20', the porous metal
sheet 10 is separated from the supporting sheet 20'
when the supporting sheet 20' is separated from the
feeding belt 2 of the circulating driving device 1 to feed
only the porous metal sheet 10 to the rolling roller 6, the
second sintering oven 7, and the second cooling oven
8, and the skin pass roller 13. The obtained porous metal
sheet 10 is wound around a roller.
[0076] Fig. 7 is a schematic view showing an appara-
tus carrying out the method according to another mod-
ification of the illustrative example. Similarly to the mod-
ification shown in Fig. 6, an inorganic supporting sheet
20' which is not removed by the heating in a sintering
oven is used. The modification shown in Fig. 7 is differ-
ent from that shown in Fig. 6 in that the porous metal
sheet 10 formed of the metal powders is not separated
from the supporting sheet 20', but fed continuously, to-
gether with the supporting sheet 20' to wind them
around a roller as the coil 14. In this case, by composing
the supporting sheet 20' of thin solid metal, a porous
metal sheet consisting of the porous metal sheet and
the solid metal sheet on which the porous metal sheet
is laminated is obtained.
[0077] In the modification shown in Fig. 7, the solid
metal sheet is used as the supporting sheet 20', but in-
stead, it is possible to use a metal sheet such as a
punching metal having holes formed thereon, a three-
dimensional reticulate porous metal sheet, a porous fi-
brous metal sheet or the porous metal sheet formed by
the apparatus shown in Fig. 1 as the supporting sheet
20' so as to obtain a porous metal sheet having a lami-
nated structure.
[0078] Fig. 8 shows an apparatus for carrying out the
method of the third embodiment. The third embodiment
is different from the illustrative example shown in Fig. 5
in that a supporting sheet 30 which has holes formed
thereon and can be burnt off is used. The process of
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manufacturing the porous metal sheet is similar to that
of the illustrative example. Thus, the parts of the appa-
ratus of the third embodiment are denoted by the same
reference numerals as those of the apparatus of the il-
lustrative example.
[0079] That is, as shown in Fig. 10 (A), a resinous
sheet is used as the supporting sheet 30. Circular
punched holes 30a are formed on the resinous sheet 30
at regular intervals lengthwise and widthwise. There-
fore, when the metal powders P are spread on the sup-
porting sheet 30 from the hopper 3, the metal powders
P drop through the circular holes 30a, thus accumulating
on the upper surface of the supporting sheet 30, with
holes present at required pitches on the upper surface
thereof.
[0080] The metal powders P which have dropped
through the circular holes 30a are stored in a metal pow-
der receiver 31 installed in confrontation with the hopper
3 to recycle them.
[0081] As described above, the metal powders P
spread over the supporting sheet 30 having the holes
30a formed thereon are introduced into the resinous ma-
terial-removing oven 23 installed on the feeding belt 2
of the circulating driving device 1, together with the sup-
porting sheet 30 to burn them off at a required temper-
ature by heating them. Then, the metal powders P are
fed into the sintering oven 4 to sinter them by heating
them at a required temperature.
[0082] Similarly to the illustrative example, after the
metal powders P are introduced into the cooling oven 5,
they are separated from the feeding belt 2, and then,
rolled lightly by the rolling roller 6. Then, they are intro-
duced into the sintering oven 7 to sinter them. Thereaf-
ter, they are treated in processes similar to those of the
illustrative example.
[0083] Similarly to the first embodiment, in the third
embodiment, in the portion of a porous metal sheet 10'
corresponding to the circular holes (30a)-unformed por-
tion of the supporting sheet 30, contact surfaces of the
spread metal powders are integrated with each other to
form a fine porous structure, whereas in the portion
thereof corresponding to the circular hole (30a)-formed
portion, pores consisting of comparatively large
through-holes are formed. That is, as shown in Fig. 9, it
is possible to continuously manufacture the porous met-
al sheet 10' having two kinds of pores, namely, fine
pores C1 consisting of gaps present between the adja-
cent metal powders P and pores C2 consisting of large
through-holes corresponding to the circular holes 30a.
[0084] In the third embodiment, because the support-
ing sheet having circular holes shown in Fig. 10 (A)
formed thereon is used, the pores C2 consisting of large
holes formed on the porous metal sheet 10' are circular.
But it is possible to use the supporting sheet 30 having
rectangular holes formed thereon as shown in Fig. 10
(B) ; the supporting sheet 30 having polygonal holes
formed thereon as shown in Fig. 10 (C); or the support-
ing sheet 30 having rhombic holes formed thereon as

shown in Fig. 10 (D). In these cases, it is possible to
obtain a porous metal sheet having the pores C2 con-
sisting of large holes whose shapes correspond to the
respective shapes, namely, rectangular holes, polygo-
nal holes or rhombic holes formed thereon.
[0085] Figs. 11 and 12 show the fourth embodiment.
The fourth embodiment is different from the illustrative
example shown in Fig. 5 in that a supporting sheet 40
having convexes and concaves formed thereon is used
in the fourth embodiment. The manufacturing process
of the fourth embodiment is similar to that of the illustra-
tive example. Thus, the members of the apparatus of
the fourth embodiment are not shown and the descrip-
tions thereof are omitted herein.
[0086] Mountain-shaped convexes 40a are formed al-
ternately with valley-shaped concaves 40b at regular in-
tervals on the supporting sheet 40. Metal powders P are
spread from the hopper 3 over the supporting sheet 40
having the convexes and the concaves formed thereon
while it is being fed by continuously unwinding it from a
coil 41.
[0087] As shown in Fig. 12 (A), the metal powders P
spread over the supporting sheet 40 accumulate on the
upper surfaces of the convexes 40a as well as on the
surfaces of the concaves 40b. A vibration generation
means 42 is installed downstream from the metal pow-
der-spreading position to vibrate the supporting sheet
40 and drop the metal powders P accumulated on the
upper surfaces of the convexes 40a to the concaves
40b.
[0088] When the metal powders P are sintered in the
sintering oven, the contact surfaces of the metal pow-
ders P accumulated on the concaves 40b are integrated
with each other partly to form a fine porous structure,
and the portion of a resulting porous metal sheet corre-
sponding to the convexes 40a is formed as great
through-holes. That is, similarly to the structure (shown
in Fig. 9) formed by the use of the porous supporting
sheet 30 of the third embodiment, the porous metal
sheet having fine pores C1 and the pores C2 consisting
of large holes shown in Fig. 12 (B) can be manufactured.
[0089] Similarly to the supporting sheet 30 of the third
embodiment having pores formed thereon, great rectan-
gular, rhombic, and polygonal pores can be formed on
the porous metal sheet by forming rectangular, rhombic
or polygonal convexes on the supporting sheet 40.
[0090] Instead of the vibration generation means 42
which drops the metal powders spread over the upper
surfaces of the convexes 40a to the concaves 40b, a
doctor knife (not shown) may be installed over the sup-
porting sheet 40 to forcibly scrape the metal powders P
from the convexes 40a downward to the concaves 40b.

Experiment 2

[0091] Flat copper powders (average diameter: 40 µ
m) obtained by electrolysis were spread over the resin-
ous supporting sheet 40 having rhombic convexes 40a
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formed thereon at a rate of 87g/m2. The supporting
sheet 40 was vibrated by the vibration generation
means 42 to move the copper powders accumulated on
the convexes 40a to the concaves 40b. Then, the cop-
per powders were placed on the feeding belt of the cir-
culating driving device and introduced into the resinous
material-removing oven, together with the feeding belt
to burn off the resinous material therein at 650°C in an
atmospheric environment. Then, the metal powders P
were introduced into the sintering oven to sinter them at
850°C - 950°C in a non-oxidizing atmosphere. After they
were cooled in the cooling oven, a resulting porous met-
al sheet was separated from the feeding belt. Then, only
the porous metal sheet was fed to the rolling roller to roll
them. In these processes, a porous copper sheet having
large rhombic through-holes and fine pores formed ther-
eon was obtained. The obtained porous copper sheet
was 18µm in thickness, about 46% in open area ratio,
and 87g/m2 in weight.
[0092] The porous copper sheet was then sintered in
the second sintering oven at 950°C in a non-oxidizing
atmosphere and cooled and then rolled again. Further,
the porous copper sheet was sintered in the third sinter-
ing oven at 950°C in a non-oxidizing atmosphere and
cooled and then fed to the skin pass roller.
[0093] The porous copper sheet manufactured in the
processes was 17µm in thickness, 45% in open area
ratio, and 83g/m2 in weight. The porous copper sheet
was elongated by about 5% lengthwise by the rolling.
[0094] In the third embodiment, pore-formed support-
ing sheet is used. In the fourth embodiment, the sup-
porting sheet having convexes and concaves formed
thereon is used. Both in the third and fourth embodi-
ments, the resinous sheet which can be burnt off is used.
But a sheet may be formed of an inorganic substance
such as a metal sheet. Further, in spreading metal pow-
ders directly on the feeding belt of the circulating driving
device, a hole-formed feeding belt is used to manufac-
ture a porous metal sheet having through-holes, as in
the case of the first embodiment.
[0095] Figs. 13 and 14 show the fifth embodiment. A
sublimable fine fragment is mixed with metal powders.
When an apparatus similar to that of the first embodi-
ment is used, the mixture is spread on a feeding belt of
a circulating driving device of belt conveyor type. When
an apparatus similar to that of the third and fourth em-
bodiments is used, the mixture is spread on a supporting
sheet.
[0096] As the sublimable fine fragment, a resinous
spherical material (so-called bead-shaped material), a
resinous cubic material, a resinous rectangular solid-
shaped material or resinous ultra-fine particles which
are burnt off by heating is used.
[0097] As shown in Fig. 13 (A), in the fifth embodi-
ment, a hopper 3 storing metal powders P and a hopper
51 storing a sublimable fine fragment 50 are installed
above a mixing hopper 52. Similarly to the hopper 3 of
the first embodiment, the mixing hopper 52 is located

above the feeding belt 2 of the circulating driving device
1. An agitator 53 for mixing the metal powders P and
particles of the sublimable fine fragment 50 with each
other substantially uniformly is provided inside the mix-
ing hopper 52.
[0098] The metal powders P and the particles of the
sublimable fine fragment 50 are mixed with each other,
and then, the mixture is spread on the upper surface of
the feeding belt 2 of the circulating driving device 1.
Then, the mixture is introduced into the resinous mate-
rial-removing oven 23 and the sintering oven 4, together
with the feeding belt 2 to heat it. As a result, the particles
of the sublimable fine fragment 50 sublimates and thus
as shown in Fig. 14, the portions of a resulting porous
metal sheet in which the particles of the sublimable fine
fragment 50 has been present are formed as pores C3.
Unlike the pores C2 consisting of large holes of the third
and fourth embodiments, the pores C3 of the fifth em-
bodiment consist of not only through-holes, but also
pores present randomly in the thickness direction of a
resulting porous metal sheet 10". Further, the contact
surfaces of the metal powders P surrounding the pores
C3 formed by the sublimation of the particles of the sub-
limable fine fragment 50 are connected with each other.
Thus, the porous metal sheet 10" having the fine pores
C1 and the comparatively large pores C3 formed by the
sublimation of the particles of the sublimable fine frag-
ment 50 is formed.
[0099] The pores C3 having various sizes can be
formed by changing the size of the particles of the sub-
limable fine fragment 50. Further, the pores C3 having
various sizes and shapes can be easily formed by mix-
ing the particles of the sublimable fine fragment 50 hav-
ing different sizes and shapes with the metal powders P.
[0100] Needless to say, it is preferable to cool the po-
rous metal sheet after the particles of the sublimable fine
fragment 50 are burnt off and the metal powders P are
sintered and then, rolled and then, sintering and cooling
are repeated, similarly to the first through fourth embod-
iments.
[0101] As shown in Fig. 13 (B), the hopper 51 storing
the sublimable fine fragment 50 may be installed at the
upstream side of the feeding belt 2, and the hopper 3
storing the metal powders P may be installed down-
stream from the hopper 51 so that after the particles of
the sublimable fine fragment 50 are spread on the feed-
ing belt 2, the metal powders P are spread thereon. In
this case, the metal powders P are spread in the gaps
between adjacent particles of the sublimable fine frag-
ment 50. Thus, the metal powders P and the particles
of the sublimable fine fragment 50 are mixed with each
other, similarly to the result obtained by the construction
shown in Fig. 13 (A).
[0102] By applying metal powders and the particles of
the sublimable fine fragment 50 to the porous supporting
sheet used in the third embodiment or the supporting
sheet of the fourth embodiment having the convexes
and concaves formed thereon, it is possible to obtain a
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porous metal sheet having three kinds of pores, namely,
large through-holes formed by means of the supporting
sheet, intermediate pores formed by the sublimation of
the sublimable fine fragment 50, and fine pores formed
in contact portions of adjacent metal powders.
[0103] When some agent such as foaming agent de-
composed to generate gas by heating is used as the
sublimable fine fragment 50, through-holes are formed
by the generated gas. That is, as shown in Fig. 15 (A),
by mixing the sublimable fine fragment 50 consisting of
comparatively large particles with the metal powders P,
gas is generated when the mixture is heated, as shown
in Fig. 15 (B). As a result, through-holes C4, namely,
pores penetrating a resulting porous metal sheet verti-
cally are formed in the portion where the sublimable fine
fragment 50 has been present, as shown in Fig. 15 (C).
In this case, similarly to the third and fourth embodi-
ments, a porous metal sheet having pores consisting of
comparatively large through-holes and fine pores is ob-
tained.

Experiment 3

[0104] 90 parts by weight of flat copper powders (av-
erage diameter: 40µm) obtained by electrolysis and 10
parts by weight of sublimable fine fragment (particle di-
ameter: 15µm - 20µm) were mixed with each other. The
mixture was spread on the feeding belt 2 at a rate of
100g/m2. The mixture was heated at 950°C in the sub-
limable fine fragment-removing/sintering oven in a hy-
drogen atmosphere to vaporize the sublimable fine frag-
ment and sinter the copper powders. Then, the copper
powders were cooled in the cooling oven 5, and a re-
sulting porous copper sheet was separated from the
feeding belt 2. Then, the porous copper sheet was
rolled. The obtained porous copper sheet was 12.8µm
in thickness; 15.8% in open area ratio; 99g/m2 in weight.
[0105] The porous copper sheet has through-holes
having diameters 20µm - 30µm formed on the entire sur-
face thereof. The porous copper sheet is contracted at
about 10% in the width direction of porous copper sheet
by the sintering. The porous copper sheet is oxidized
and useless if the sublimable fine fragment is removed
from the porous copper sheet in atmospheric environ-
ment. Thus, foaming agent was vaporized during the
sintering operation to remove the sublimable fine frag-
ment.
[0106] The porous copper sheet was sintered again
in the sintering oven at 950°C in a hydrogen atmosphere
and rolled again. Then, the porous copper sheet was
sintered in the third sintering oven at 950°C in a hydro-
gen atmosphere and then passed through the skin pass
roller to reduce its thickness to 11.6µm, the open area
ratio to 8.0%, the weight to 95g/m2.
[0107] Fig. 16 shows an apparatus for carrying out the
method of the sixth embodiment. In the sixth embodi-
ment, metal powders P are spread on a feeding belt 2
of a circulating driving device 1 by a hopper 3. Then, the

metal powders P are pressed at a small force by a press-
ing roller 60 installed on the feeding belt 2. The pressing
roller 60 is used not to compress the metal powders P
but increase the contact area thereof.
[0108] The integrated surface of the metal powders P
and the strength of a resulting porous metal sheet can
be increased by sintering the metal powders P in the
sintering oven 4 after they are pressed lightly by the
pressing roller 60.
[0109] Fig. 17 shows an apparatus for carrying out the
method of the seventh embodiment. In the seventh em-
bodiment, before a porous metal sheet 10 manufactured
in previous processes is passed between a pair of skin
pass rollers, it is passed between lead portion-forming
rollers 70A and 70B. A convex 71 is formed on the rollers
70A and 70B at both ends and the center thereof in the
lengthwise (axial) direction thereof such that the convex
71 of the roller 70A and that of the roller 70B are radially
spaced at a predetermined interval and coincident with
each other in the lengthwise (axial) direction thereof.
Thus, when the porous metal sheet 10 is passed be-
tween the rollers 70A and 70B, fine pores of the portion
of the porous metal sheet 10 are crushed by the press-
ing force of the upper and lower convex 71. As a result,
the crushed portion of the porous metal sheet 10 be-
comes solid. The solid portion of the porous metal sheet
10 is used as a lead portion 72. When the porous metal
sheet 10 is used as an electrode substrate of a battery,
the lead portion 72 performs an electric current collect-
ing function.
[0110] The present invention is not limited to the em-
bodiments, but it is possible to use the manufactured
porous metal sheet as a supporting sheet so that metal
powders are spread on the supporting sheet and the po-
rous metal sheet is repeatedly used until the porous
metal sheet has a desired thickness and strength.
[0111] Figs. 18 and 19 show an eighth embodiment.
In the eighth embodiment, electrodes are successively
formed by supplying an active substance, for example,
an active substance containing hydrogen-storing alloy
powder as the main component to a porous metal sheet
10' which has a great pore C2 and a fine pore C1 and
which is formed by the method of the fourth embodiment
shown in Fig. 11.
[0112] That is, the porous metal sheet 10' is passed
between a pair of skin pass rollers 13 for tempering and
wound as a coil 14. The porous metal sheet 10' fed out
from the coil 14 is successively guided vertically to a
hopper 81 positioned above rollers 80A and 80B posi-
tioned at both sides of the porous metal sheet 10'. Pow-
der (for example, mixed powder of hydrogen-storing al-
loy powder and nickel powder) 82 of an active substance
stored inside the hopper 81 are supplied to both surfac-
es of the porous metal sheet 10' and between the rollers
80A and 80B.
[0113] The supplied mixed powder 82 is filled into the
pores C2 and C1 of the porous metal sheet 10' and fix-
edly attached to both surfaces of the porous metal sheet
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10' by the pressing force of the rollers 80A and 80B to
form active substance layers (for example, layer of hy-
drogen-storing alloy powder) 85A and 85B having a re-
quired thickness, respectively.
[0114] Then, the porous metal sheet having the active
substance layers 85A and 85B is passed through a sin-
tering oven 86 to sinter them in a non-oxidizing atmos-
phere and then passed through a cooling oven 87 for
cooling and finally, passed between a pair of skin pass
roller 88 for tempering at a required load. An electrode
(for example, a hydrogen-storing alloy electrode) 90
thus formed as shown in Fig. 19 is successively wound
as a coil 91.

Experiment 4

[0115] In a nickel porous metal sheet 10' rolled by the
skin pass roller 13, the diameter of the great pore C2
was 1.8mm; open area ratio was 47.0%; and thickness
was 25µm. A mixed powder 82 which was supplied to
the porous metal sheet 10' was prepared by mixing 18
parts by weight of hydrogen-storing alloy powder of AB2
type having a powder diameter of 60-80µm with two
parts by weight of nickel powder having an average
powder diameter of 2.5µm. The mixed powder 82 was
supplied to both surfaces of the porous metal sheet 10'
at 540g/m2 on each surface. Then, the porous metal
sheet 10' was pressurized by the rollers 80A and 80B
of ø 150mm at a load of five tons for rolling at a line
speed of lm/min. Then, the rolled porous metal sheet 10'
was sintered in the sintering oven 86 having a non-oxi-
dizing atmosphere at 950°C for two minutes. Finally, the
sintered porous metal sheet 10' was rolled by the skin
pass roller 88 at a load of five tons to make the electrode
90 of the hydrogen-storing alloy having a thickness of
0.18mm.
[0116] In the electrode 90 of the hydrogen-storing al-
loy manufactured as described above, because binder
is not added thereto, the flow of electric current was not
inhibited. Further, because nickel powder was added in-
stead of carbon conventionally used as electrically con-
ductive material, the electrode 90 had a high degree of
electricity-collecting property.
[0117] A method of manufacturing electrodes such as
an electrode of the hydrogen-storing alloy successively
after manufacturing the porous metal sheet is not limited
to the above-described method. That is, it is possible to
successively manufacture electrodes by charging an
active substance into a metal sheet fed successively
without coiling or charging an active substance into the
metal sheet fed with uncoiling similarly to the seventh
embodiment after performing the method of the first,
third, fifth, and sixth embodiment. Further, it is possible
to mix other transition metals, for example, copper pow-
der for the hydrogen-storing alloy powder instead of
nickel powder. In addition, transition metals such as
nickel powder, copper powder and so on may be mixed
with the hydrogen-storing alloy powder. Further, only the

hydrogen-storing alloy powder may be used as a simple
substance. The shape of the transition metal is not lim-
ited to the shape of powder.

Experiment 5

[0118] A nickel porous metal sheet 10" having a thick-
ness of 25µm and open area ratio of 35% was prepared
by the method of the fifth embodiment shown in Fig. 13.
Hydrogen-storing alloy powder of AB5 type as similar to
experiment 4 was supplied to both surfaces of the po-
rous metal sheet. Then, it was pressurized at a load of
five tons, and then sintered in a sintering oven having a
non-oxidizing atmosphere at 950°C for two minutes. Fi-
nally, the sintered porous metal sheet was tempered by
using a skin pass roller to form an electrode of the hy-
drogen-storing alloy having a thickness of 0.18mm. In
experiment 5, after the nickel porous metal sheet 10"
was prepared by the method of the fifth embodiment, it
was not wound as a coil but the hydrogen-storing alloy
powder was supplied to the porous metal sheet 10"
while it was being fed successively.
[0119] In the electrode of the hydrogen-storing alloy
thus prepared, because the porous metal sheet has
pores formed by a sublimable fine fragment and fine
pores between metal powders, the pores were filled with
the hydrogen-storing alloy powder. Further, a thin layer
of the hydrogen-storing alloy powder was reliably fixed
to both surfaces of the metal sheet by the sintering and
the pressure application by means of the skin pass roll-
er.
[0120] It is possible that after the hydrogen-storing al-
loy powder is supplied to the porous metal sheet to fill
the pores and both surfaces thereof with the hydrogen-
storing alloy powder as described above, powder of a
transition metal such as nickel powder is supplied to the
surface of the hydrogen-storing alloy layers 85A and
85B at both sides of the porous metal sheet to form a
transition metal layer 95 as shown in Fig. 20. The hy-
drogen-storing alloy powder can be held at a high
strength by providing the transition metal layer 95.
[0121] The metal which is supplied to the surface of
the hydrogen-storing alloy layers 85A and 85B is not lim-
ited to nickel powder, but a transition metal such as cop-
per powder or mixed transition metal powder such as
nickel powder, copper powder and so on may be used.
Further, the hydrogen-storing alloy layers 85A and 85B
may be formed on only one surface of the porous metal
sheet.

Experiment 6

[0122] While a porous copper sheet (thickness:
17µm, open area ratio: 45%) obtained in experiment 2
was being successively fed, a paste active substance
obtained by suspending a mixture of 100 parts by weight
of mesophase graphite and five parts by weight of sty-
rene butadiene rubber in an aqueous solution of car-
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boxymethylcellulose was applied to both surfaces of the
porous copper sheet and was then dried. Then, the po-
rous copper sheet was rolled to form an electrode hav-
ing a thickness of 0. 2mm.
[0123] As described in experiment 6, not only an elec-
trode of the hydrogen-storing alloy but also an electrode
which is used as the negative electrode of a lithium sec-
ondary battery can be formed by forming a porous metal
sheet which is used as an electrode substrate and sup-
plying the active substance thereto while it is being fed
successively after it is unwound or without winding it as
a coil.
[0124] As apparent from the foregoing description,
according to the present invention, metal powders are
spread densely and directly on the feeding belt of the
circulating driving device or the supporting sheet which
is placed on the feeding belt. Then, the metal powders
pass through a sintering oven to sinter them without roll-
ing them, with adjacent metal powders in partial contact
with each other. Therefore, contact portions of the metal
powders are fused together, and gaps between the ad-
jacent metal powders remain as fine pores. Therefore,
a porous metal sheet having a large number of the fine
pores can be continuously formed.
[0125] When a pore-formed sheet or a concave/con-
vex-formed sheet is used as the supporting sheet, por-
tions corresponding to the pores or the convexes are
formed as through-holes. Thus, a porous metal sheet
having fine pores formed between metal powders and
comparatively large through-holes can be continuously
formed.
[0126] Pores can be formed in portions where parti-
cles of a sublimable fine fragment have been present by
spreading a mixture of the sublimable fine fragment and
metal powders on a feeding belt or a supporting sheet.
Consequently, it is possible to form three-dimensional
pores having a required size corresponding to the size
of particles of the sublimable fine fragment. Accordingly,
a porous metal sheet having fine pores formed between
metal powders and comparatively large pores formed
by the sublimation of particles of the sublimable fine
fragment can be continuously formed. Further, a porous
metal sheet having pores of various sizes including
through-holes can be continuously formed by using the
pore-formed sheet or the concave/convex-formed
sheet.
[0127] As described above, it is possible to form fine
pores, through-holes, and three-dimensional pores or in
combination thereof. Thus, it is possible to provide an
electrode substrate comprising a preferable porous
metal sheet corresponding to the kind of a battery. That
is, the porous metal sheet of the present invention can
be preferably used as an electrode substrate of a nickel
hydrogen battery, a nickel cadmium battery, a lithium pri-
mary battery, a lithium secondary battery, an alkali dry
cell, a fuel cell; and an electrode plate of a battery for
vehicles.
[0128] Further, a battery electrode such as an elec-

trode of a hydrogen-storing alloy can be successively
manufactured by supplying powders of an active sub-
stance such as the hydrogen-storing alloy powder to a
porous metal sheet after it is successively formed of
metal powders. That is, the present invention can en-
hance the productivity of an electrode dramatically be-
cause the porous metal sheet and the electrode formed
of the metal sheet composing the substrate thereof can
be manufactured successively.
[0129] Further, in the battery electrode of the present
invention, because binder is not added to the active sub-
stance, the amount of the active substance can be in-
creased by that much and electricity-collecting property
can be improved. More specifically, the amount of the
active substance can be increased by about 7% in cor-
respondence to the amount of the binder which is con-
ventionally added thereto. Furthermore, the electricity-
collecting property can be enhanced and the perform-
ance of the battery can be improved by 5 - 10% by add-
ing transition metal such as nickel powders or copper
powders to the active substance, instead of carbon
which is conventionally used as an electrically conduc-
tive material.
[0130] Although the present invention has been fully
described in connection with the preferred embodi-
ments thereof with reference to the accompanying
drawings, it is to be noted that various changes and
modifications are apparent to those skilled in the art.
Such changes and modifications are to be understood
as included within the scope of the present invention as
defined by the appended claims unless they depart
therefrom.

Claims

1. A method of manufacturing a porous metal sheet
(10; 10'; 10") comprising the steps of:

spreading one or more metal powders (P),
wherein the metal may be in the form of oxide
or sulfide, on a porous sheet; and
sintering the metal powders, with adjacent met-
al powder particles in contact with each other
partly and gaps (C) present therebetween so
as to integrate contact portions of the metal
powders with each other and form the gaps as
fine pores, characterized in that
said sheet is a feeding belt (2) which is contin-
uously fed and which has holes (30a) through
which a portion of the powders drops through,
and in that sintering is performed by passing
the feeding belt on which the metal powders
have been spread through a sintering oven (4).

2. The method according to claim 1, wherein the feed-
ing belt (2) comprises one of:
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- a solid metal sheet,
- an inorganic sheet including a porous metal

sheet, or
- a laminated sheet composed of the solid metal

sheet and the inorganic sheet including a po-
rous metal sheet;

and the feeding belt (2) forms part of a circu-
lating driving device of belt conveyor type.

3. A method of manufacturing a porous metal sheet
(10; 10'; 10") comprising the steps of:

spreading one or more metal powders (P),
wherein the metal may be in the form of oxide
or sulfide, on a porous sheet; and
sintering the metal powders, with adjacent met-
al powder particles in contact with each other
partly and gaps (C) present therebetween so
as to integrate contact portions of the metal
powders with each other and form the gaps as
fine pores, characterized in that
said sheet is a supporting sheet (20; 20'; 30;
40) which is continuously fed and which has
holes (30a) through which a portion of the pow-
ders drops through,
the supporting sheet on which the metal pow-
ders have been spread is fed onto the feeding
belt (2); and
sintering is performed by passing the feeding
belt together with the supporting sheet through
a sintering oven (4).

4. The method according to claim 3, wherein the sup-
porting sheet comprises one of:

- an organic sheet including a solid resinous
sheet, a three-dimensional reticulate resinous
sheet and/or a porous fibrous resinous sheet,

- an inorganic sheet including a solid metal sheet
and a porous metal sheet, or

- a laminated sheet composed of a plurality of
such sheets.

5. The method according to any one of claims 1
through 4, wherein the feeding belt (2) or the sup-
porting sheet (20) on which the metal powders have
been spread is passing through a cooling oven (5)
positioned subsequently to the sintering oven (4) to
cool the metal powders after they have been sin-
tered.

6. The method according to any one of claims 1
through 5, wherein after the metal powders are sin-
tered and cooled, the resulting porous metal sheet
is passed between a pair of rolling rollers (6) to in-
crease an area of connected portions of the metal
powders so as to increase the strength of the po-

rous metal sheet.

7. The method according to claim 6. wherein the se-
quence of sintering, cooling, and rolling is repeated
one or more times.

8. The method according to any one of claims 1
through 7, wherein after the metal powders are sin-
tered, cooled, and rolled, the resulting porous metal
sheet (10) is separated from the feeding belt (2) or
the supporting sheet (20').

9. The method according to any one of claims 1
through 8, wherein metal powders (P) are spread
again on a surface of the porous metal sheet formed
by the sintering and are sintered.

10. The method according to any one of claims 1
through 9, wherein after the metal powders are
spread on the feeding belt or the supporting sheet
the metal powders are pressed at a required small
pressure by a pressing roller (60), and then the met-
al powders are passed through the sintering oven
(4) for sintering them.

11. The method according to any one of claims 3
through 10, wherein the supporting sheet (20) is
burnt off in a resinous material-removing oven (23).

12. A method of manufacturing a porous metal sheet
(10; 10'; 10") comprising the steps of:

spreading one or more metal powders (P),
wherein the metal may be in the form of oxide
or sulfide, on a sheet (40); and
sintering the metal powders, with adjacent met-
al powder particles in contact with each other
partly and gaps (C) present therebetween so
as to integrate contact portions of the metal
powders with each other and form the gaps as
fine pores, characterized in that
the sheet (40) has convexes (40a) and con-
caves (40b) formed alternately with each other,
the metal powders which have been spread on
the convexes are dropped into the concaves by
vibrating the metal powders or by a scraping
means and
the metal powders are then sintered by feeding
the sheet continuously through a sintering oven
(4) so as to form fine pores (C1) between the
adjacent metal powders (P) and pores (C2)
consisting of large through-holes correspond-
ing to the convexes (40a) which may preferably
be circular, rhombic, polygonal or elliptic.

13. The method according to any one of claims 2
through 12, wherein the sheet (30) which is used as
the feeding belt or the supporting sheet has holes
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(30a) which are circular, rhombic, polygonal or el-
liptic.

14. A method of manufacturing a porous metal sheet
(10; 10'; 10") comprising the steps of:

spreading one or more metal powders (P),
wherein the metal may be in the form of oxide
or sulfide, on a porous sheet; and
sintering the metal powders, with adjacent met-
al powder particles in contact with each other
partly and gaps (C) present therebetween so
as to integrate contact portions of the metal
powders with each other and form the gaps as
fine pores, characterized in that
said sheet is a feeding belt (2) which is contin-
uously fed,
sintering is performed by passing the feeding
belt on which the metal powders have been
spread through a sintering oven (4),
fine fragments of a sublimable resinous mate-
rial (50) which is burnt off by heating are mixed
with the metal powders (P) or spread on the
feeding belt (2) or the supporting sheet before
the metal powders are spread thereon,
and the resinous material is burnt off in a res-
inous material-removing oven (23) to form fine
pores (C1) between the adjacent metal pow-
ders and large through-holes (C4) formed in
portions where the resinous material has been
present.

15. A porous metal sheet (10; 10'; 10") manufactured
by the method of any one of claims 1 through 14,
wherein the shape of the throug-holes (C2, C4)
formed by using the resinous material (50) and/or
the feeding belt or the supporting sheet (30; 40)
consisting of a porous sheet or a sheet having con-
vexes and concaves formed alternately with each
other, is punching shape, reticulate shape, honey-
comb-shape, lath-shape, lattice-shape, expanded
sheet-shape, screen-shape or lace-shape.

16. The porous metal sheet according to claim 15,
wherein the porous metal sheet has lead portions
(72) without or with less pores, the lead portions be-
ing spaced at predetermined intervals.

17. A substrate for a battery electrode comprising the
porous metal sheet according to claim 15 or 16.

18. An electrode (90) for a battery in which an active
substance is charged into the pores of the substrate
(10') according to claim 17, and an active substance
layer (85A, 85B) is formed on at least one surface
of the substrate .

19. The electrode according to claim 18, wherein a

binder is not added to the active substance.

20. The electrode according to claim 18 or 19, wherein
the active substance contains hydrogen-storing al-
loy powders (82) as a main component thereof.

21. The electrode according to claim 20, wherein the
active substance consists of powders of hydrogen-
storing alloy or a mixture of the hydrogen-storing al-
loy powders and a transition metal.

22. The electrode according to any one of claims 18
through 21, wherein a surface of the active sub-
stance layer (85A, 85B) is covered partly or entirely
with a transition metal (95).

23. A battery comprising the electrode according to any
one of claims 18 through 22.

Patentansprüche

1. Verfahren zur Herstellung eines porösen Metallble-
ches (10; 10'; 10") mit den Schritten:

Verteilen eines oder mehrerer Metallpulver (P),
deren Metall auch die Form eines Oxids oder
Sulfids haben kann, auf einer porösen Materi-
allage und
Sintern der Metallpulver, bei denen benachbar-
te Metallpulverpartikel teilweise miteinander in
Berührung stehen und Zwischenräume (C) zwi-
schen sich bilden, um die Kontaktbereiche der
Metallpulver miteinander zu verbinden und die
Zwischenräume als feine Poren auszubilden,
dadurch gekennzeichnet, daß
die Materiallage ein Förderband (2) ist, das
kontinuierlich transportiert wird und Löcher
(30a) aufweist, durch welche ein Teil der Pulver
hindurchfällt,
und daß das Sintern ausgeführt wird, indem
man das Förderband, auf dem die Metallpulver
verteilt worden sind, durch einen Sinterofen (4)
laufen läßt.

2. Verfahren nach Anspruch 1, bei dem das Förder-
band (2) eines der folgenden Teile aufweist:

- ein ununterbrochenes Metallblech,
- eine anorganische Lage mit einem porösen

Metallblech oder
- ein Laminat aus dem ununterbrochenen Metall-

blech und der anorganischen Lage mit dem po-
rösen Metallblech;

und bei dem das Förderband (2) Teil eines
umlaufenden Endlosförderers ist.
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3. Verfahren zur Herstellung eines porösen Metallble-
ches (10; 10'; 10") mit den Schritten:

Verteilen eines oder mehrerer Metallpulver (P),
deren Metall auch die Form eines Oxids oder
Sulfids haben kann, auf einer porösen Materi-
allage und
Sintern der Metallpulver, bei denen benachbar-
te Metallpulverpartikel teilweise miteinander in
Berührung stehen und Zwischenräume (C) zwi-
schen sich bilden, um die Kontaktbereiche der
Metallpulver miteinander zu verbinden und die
Zwischenräume als feine Poren auszubilden,
dadurch gekennzeichnet, daß
die Materiallage eine kontinuierlich transpor-
tierte Trägerlage (20; 20'; 30; 40) ist, die Löcher
(30a) aufweist, durch welche ein Teil der Pulver
hindurchfällt,
die Trägerlage, auf der die Metallpulver verteilt
worden sind, auf ein Förderband (2) zugeführt
wird und
das Sintern ausgeführt wird, indem man das
Förderband zusammen mit der Trägerlage
durch einen Sinterofen (4) laufen läßt.

4. Verfahren nach Anspruch 3, bei dem die Trägerlage
eines der folgenden Teile aufweist:

- eine organische Lage mit einer durchgehenden
harzartigen Lage, eine harzartige Lage mit drei-
dimensionaler Wabenstruktur und/oder eine
harzartige Lage aus porösem Fasermaterial,

- eine anorganische Lage mit einem durchge-
henden Metallblech und einem porösen Metall-
blech oder

- ein Laminat aus mehreren solcher Lagen.

5. Verfahren nach einem der Ansprüche 1 bis 4, bei
dem das Förderband (2) oder die Trägerlage (20),
auf dem oder der die Metallpulver verteilt worden
sind, einen Kühlofen (5) durchläuft, der dem Sinter-
ofen (4) nachgeordnet ist, um die Metallpulver nach
dem Sintern zu kühlen.

6. Verfahren nach einem der Ansprüche 1 bis 5, bei
dem, nachdem die Metallpulver gesintert und ge-
kühlt worden sind, das resultierende poröse Metall-
blech durch ein Walzenpaar (6) läuft, um die Fläche
der verbundenen Bereiche der Metallpulver zu ver-
größern und die Festigkeit des porösen Metallble-
ches zu erhöhen.

7. Verfahren nach Anspruch 6, bei dem die Reihenfol-
ge aus Sintern, Kühlen und Walzen ein oder mehr-
mals wiederholt wird.

8. Verfahren nach einem der Ansprüche 1 bis 7, bei
dem, nachdem die Metallpulver gesintert, gekühlt

und gewalzt worden sind, das resultierende poröse
Metallblech (10) von dem Förderband (2) oder der
Trägerlage (20') abgelöst wird.

9. Verfahren nach einem der Ansprüche 1 bis 8, bei
dem Metallpulver (P) erneut auf einer Oberfläche
des durch Sintern gebildeten porösen Metallble-
ches verteilt und gesintert werden.

10. Verfahren nach einem der Ansprüche 1 bis 9, bei
dem, nachdem die Metallpulver auf dem Förder-
band oder der Trägerlage verteilt worden sind, die
Metallpulver mit Hilfe einer Andruckwalze (60) mit
einem benötigten geringen Druck komprimiert wer-
den und die Metallpulver dann zum Sintern durch
den Sinterofen (4) laufen.

11. Verfahren nach einem der Ansprüche 3 bis 10, bei
dem die Trägerlage (20) in einem Ofen (23) zum
Entfernen harzartigen Materials weggebrannt wird.

12. Verfahren zur Herstellung eines porösen Metallble-
ches (10; 10'; 10") mit den Schritten:

Verteilen eines oder mehrerer Metallpulver (P),
deren Metall auch die Form eines Oxids oder
Sulfids haben kann, auf einer Materiallage (40)
und
Sintern der Metallpulver, bei denen benachbar-
te Metallpulverpartikel teilweise miteinander in
Berührung stehen und Zwischenräume (C) zwi-
schen sich bilden, um die Kontaktbereiche der
Metallpulver miteinander zu verbinden und die
Zwischenräume als feine Poren auszubilden,
dadurch gekennzeichnet, daß
die Materiallage (40) miteinander abwechseln-
de Aufwölbungen (40a) und Höhlungen (40b)
aufweist,
die Metallpulver, die auf die Aufwölbungen ver-
teilt worden sind, durch Vibrieren der Metallpul-
ver oder mit Hilfe einer Kratzeinrichtung in die
Höhlungen fallengelassen werden und
die Metallpulver dann gesintert werden, indem
die Materiallage kontinuierlich durch einen Sin-
terofen (4) transportiert wird, um feine Poren
(C1) zwischen den benachbarten Metallpul-
vern (P) zu bilden und Poren (C2) zu bilden, die
aus großen Durchbrüchen bestehen, die den
Aufwölbungen (40a) entsprechen, die vorzugs-
weise kreisförmig, rhombisch, polygonal oder
elliptisch sein können.

13. Verfahren nach einem der Ansprüche 2 bis 12, bei
dem die Materiallage (30), die als das Förderband
oder die Trägerlage verwendet wird, Löcher (30a)
aufweist, die kreisförmig, rhombisch, polygonal
oder elliptisch sind.
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14. Verfahren zur Herstellung eines porösen Metallble-
ches (10; 10'; 10") mit den Schritten:

Verteilen eines oder mehrerer Metallpulver (P),
deren Metall auch die Form eines Oxids oder
Sulfids haben kann, auf einer porösen Materi-
allage und
Sintern der Metallpulver, bei denen benachbar-
te Metallpulverpartikel teilweise miteinander in
Berührung stehen und Zwischenräume (C) zwi-
schen sich bilden, um die Kontaktbereiche der
Metallpulver miteinander zu verbinden und die
Zwischenräume als feine Poren auszubilden,
dadurch gekennzeichnet, daß
die Materiallage ein kontinuierlich transportier-
tes Förderband (2) ist,
daß Sintern ausgeführt wird, indem das Förder-
band, auf dem die Metallpulver verteilt worden
sind, durch einen Sinterofen (4) läuft,
feine Fragmente eines sublimierbaren harzar-
tigen Materials (50), das durch Erhitzen weg-
gebrannt wird, mit den Metallpulvern (P) ge-
mischt oder auf dem Förderband (2) oder der
Trägerlage verteilt werden, bevor die Metallpul-
ver darauf verteilt werden, und
das harzartige Material in einem Ofen (23) zum
Entfernen harzartigen Materials weggebrannt
wird, um feine Poren (C1) zwischen den be-
nachbarten Metallpulvern sowie große Durch-
brüche (C4) in den Bereichen zu bilden, in de-
nen das harzartige Material vorhanden war.

15. Poröses Metallblech (10; 10'; 10"), das nach dem
Verfahren gemäß einem der Ansprüche 1 bis 14
hergestellt ist, bei dem die Durchbrüche (C2, C4),
die mit Hilfe des harzartigen Materials (50) und/oder
des Förderbandes oder der Trägerlage (30; 40) ge-
bildet wurden, das oder die aus einer porösen Lage
oder einer Lage mit abwechselnden Aufwölbungen
und Höhlungen besteht, die Gestalt von Stanzlö-
chern, Wabenform, Zellenform, Zellgitterform, Git-
terform, Streckmetallform, Siebform oder die Form
eines Gewirkes haben.

16. Poröses Metallblech nach Anspruch 15, bei dem
das poröse Metallblech Leitungsbereiche (72) ohne
oder mit weniger Poren aufweist, die in bestimmten
Intervallen angeordnet sind.

17. Substrat für eine Batterieelektrode mit dem porösen
Metallblech nach Anspruch 15 oder 16.

18. Elektrode (90) für eine Batterie, bei eine aktive Sub-
stanz in die Poren des Substrats (10') nach An-
spruch 17 eingebracht ist und eine Schicht (85A,
85B) aus einer aktiven Substanz auf wenigstens ei-
ner Oberfläche des Substrats gebildet ist.

19. Elektrode nach Anspruch 18, bei der der aktiven
Substanz kein Bindemittel zugesetzt ist.

20. Elektrode nach Anspruch 18 oder 19, bei der die
aktive Substanz als Hauptkomponente Pulver (82)
einer wasserstoffspeichernden Legierung enthält.

21. Elektrode nach Anspruch 20, bei der die aktive Sub-
stanz aus Pulvern einer wasserstoffspeichernden
Legierung oder einem Gemisch aus dem wasser-
stoffspeichernden Legierungspulver und einem
Übergangsmetall besteht.

22. Elektrode nach einem der Ansprüche 18 bis 21, bei
der die Oberfläche der Schicht (85A, 85B) aus ak-
tiver Substanz ganz oder teilweise mit einem Über-
gangsmetall (95) bedeckt ist.

23. Batterie mit der Elektrode nach einem der Ansprü-
che 18 bis 22.

Revendications

1. Procédé de fabrication d'une feuille métallique po-
reuse (10 ; 10' ; 10"), comprenant les étapes
suivantes :

l'étalement d'une ou plusieurs poudres métalli-
ques (P), dont le métal peut être sous forme
d'un oxyde ou d'un sulfure, sur une feuille po-
reuse, et
le frittage des poudres métalliques, les particu-
les adjacentes de poudre métallique étant par-
tiellement en contact et des espaces (C) étant
présents entre elles, afin que les parties de
contact des particules de poudre métallique
soient intégrées mutuellement et que les espa-
ces constituent des pores fins, caractérisé en
ce que
la feuille est une courroie d'avance (2) qui avan-
ce de façon continue et qui a des trous (30a)
par lesquels une partie des poudres tombe, et
le frittage est exécuté par passage de la cour-
roie d'avance, sur laquelle les poudres métalli-
ques ont été étalées, dans un four de frittage
(4).

2. Procédé selon la revendication 1, dans lequel la
courroie d'avance (2) comprend une feuille choisie
parmi :

une feuille métallique pleine,
une feuille minérale comprenant une feuille mé-
tallique poreuse, ou
une feuille stratifiée composée d'une feuille
métallique pleine et d'une feuille minérale com-
prenant une feuille métallique poreuse, et
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la courroie d'avance (2) fait partie d'un dispositif
d'entraînement par circulation du type à cour-
roie transporteuse.

3. Procédé de fabrication d'une feuille métallique po-
reuse (10 ; 10' ; 10"), comprenant les étapes
suivantes :

l'étalement d'une ou plusieurs poudres métalli-
ques (P), dont le métal peut être sous forme
d'un oxyde ou d'un sulfure, sur une feuille po-
reuse, et
le frittage des poudres métalliques, les particu-
les adjacentes de poudre métallique étant par-
tiellement en contact et des espaces (C) étant
présents entre elles, afin que les parties de
contact des particules de poudre métallique
soient intégrées mutuellement et que les espa-
ces constituent des pores fins, caractérisé en
ce que
la feuille est une feuille de support (20 ; 20' ;
30 ; 40) qui avance de façon continue et qui a
des trous (30a) par lesquels tombe une partie
de poudres,
la feuille de support sur laquelle les poudres
métalliques ont été étalées avance sur la cour-
roie d'avance (2), et
le frittage est réalisé par passage de la courroie
d'avance avec la feuille de support dans un four
de frittage (4).

4. Procédé selon la revendication 3, dans lequel la
feuille de support comporte une feuille choisie
parmi :

une feuille organique comprenant une feuille
résineuse pleine, une feuille résineuse réticu-
lée tridimensionnelle et/ou une feuille résineu-
se fibreuse poreuse,
une feuille minérale comprenant une feuille mé-
tallique pleine et une feuille métallique poreu-
se, ou
une feuille stratifiée composée de plusieurs de
ces feuilles.

5. Procédé selon l'une quelconque des revendications
1 à 4, dans lequel la courroie d'avance (2) ou la
feuille de support (20) sur laquelle des poudres mé-
talliques ont été étalées passe dans un four de re-
froidissement (5) placé après le four de frittage (4)
afin que les poudres métalliques soient refroidies
après leur frittage.

6. Procédé selon l'une quelconque des revendications
1 à 5, dans lequel, après frittage et refroidissement
des poudres métalliques, la feuille métallique po-
reuse résultante passe entre deux cylindres (6) de
laminage destinés à augmenter la surface des par-

ties connectées des poudres métalliques afin que
la résistance mécanique de la feuille métallique po-
reuse augmente.

7. Procédé selon la revendication 6, dans lequel la sé-
quence d'opérations de frittage, de refroidissement
et de laminage est répétée une ou plusieurs fois.

8. Procédé selon l'une quelconque des revendications
1 à 7, dans lequel, après le frittage, le refroidisse-
ment et le laminage des poudres métalliques, la
feuille métallique poreuse résultante (10) est sépa-
rée de la courroie d'avance (2) ou de la feuille de
support (20').

9. Procédé selon l'une quelconque des revendications
1 à 8, dans lequel des poudres métalliques (P) sont
étalées à nouveau sur une surface de la feuille mé-
tallique poreuse obtenue par frittage, puis sont frit-
tées.

10. Procédé selon l'une quelconque des revendications
1 à 9, dans lequel, après que les poudres métalli-
ques ont été étalées sur la courroie d'avance ou la
feuille de support, les poudres métalliques sont
comprimées avec une faible pression nécessaire
par un cylindre (60) de pression, puis les poudres
métalliques passent dans le four de frittage (4) afin
qu'elles soient frittées.

11. Procédé selon l'une quelconque des revendications
3 à 10, dans lequel la feuille de support (20) subit
un grillage dans un four (23) d'extraction de matiè-
res résineuses.

12. Procédé de fabrication d'une feuille métallique po-
reuse (10 ; 10' ; 10"), comprenant les étapes
suivantes :

l'étalement d'une ou plusieurs poudres métalli-
ques (P), dont le métal peut être sous forme
d'un oxyde ou d'un sulfure, sur une feuille (40),
et
le frittage des poudres métalliques, les particu-
les adjacentes de poudre métallique étant par-
tiellement en contact et des espaces (C) étant
présents entre elles, afin que les parties de
contact des particules de poudre métallique
soient intégrées mutuellement et que les espa-
ces constituent des pores fins, caractérisé en
ce que
la feuille (40) a des parties convexes (40a) et
des parties concaves (40b) formées en alter-
nance les unes avec les autres,
les poudres métalliques qui ont été étalées sur
les parties convexes tombent dans les parties
concaves par mise en vibration des poudres
métalliques ou sous l'action d'un dispositif de
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raclage, et
les poudres métalliques sont alors frittées par
avance de la feuille de façon continue dans un
four de frittage (4), afin que des pores fins (C1)
soient formés entre les particules adjacentes
de poudre métallique (P) et que des pores (C2)
soient formés par de gros trous correspondant
aux parties convexes (40a) qui peuvent être de
préférence circulaires, en losange, polygona-
les ou elliptiques.

13. Procédé selon l'une quelconque des revendications
2 à 12, dans lequel la feuille (30) qui est utilisée
comme courroie d'avance ou la feuille de support a
des trous (30a) de forme circulaire, en losange, po-
lygonale ou elliptique.

14. Procédé de fabrication d'une feuille métallique po-
reuse (10 ; 10' ; 10"), comprenant les étapes
suivantes :

l'étalement d'une ou plusieurs poudres métalli-
ques (P), dont le métal peut être sous forme
d'un oxyde ou d'un sulfure, sur une feuille po-
reuse, et
le frittage des poudres métalliques, les particu-
les adjacentes de poudre métallique étant par-
tiellement en contact et des espaces (C) étant
présents entre elles, afin que les parties de
contact des particules de poudre métallique
soient intégrées mutuellement et que les espa-
ces constituent des pores fins, caractérisé en
ce que
la feuille est une courroie d'avance (2) qui avan-
ce de façon continue,
le frittage est exécuté par passage de la cour-
roie d'avance sur laquelle les poudres métalli-
ques ont été étalées dans un four de frittage (4),
de fins fragments d'une matière résineuse su-
blimable (50) qui sont grillés par chauffage sont
mélangés aux poudres métalliques (P) ou éta-
lés sur la courroie d'avance (2) ou la feuille de
support avant étalement des poudres métalli-
ques, et
la matière résineuse est retirée par grillage
dans un four (23) d'extraction de matière rési-
neuse pour la formation de pores fins (C1) entre
les particules adjacentes de poudre métallique
et de trous de grande dimension (C4) dans des
parties dans lesquelles la matière résineuse
était présente.

15. Feuille métallique poreuse (10 ; 10' ; 10") fabriquée
par le procédé selon l'une quelconque des revendi-
cations 1 à 14, dans laquelle la forme des trous dé-
bouchants (C2, C4) formés par utilisation de la ma-
tière résineuse (50) et/ou de la courroie d'avance
ou de la feuille de support (30 ; 40) constituée d'une

feuille poreuse ou d'une feuille ayant des parties
convexes et concaves formées en alternance, est
une forme obtenue par poinçonnage, une forme ré-
ticulée, une forme en nids d'abeilles, une forme de
latte, une forme de réseau, une forme de feuille dé-
ployée, une forme de grille ou une forme de laçage.

16. Feuille métallique poreuse selon la revendication
15, dans laquelle la feuille métallique poreuse a des
parties d'amorce (72) démunies de pore ou ayant
moins de pores, les parties d'amorce étant sépa-
rées par des intervalles prédéterminés.

17. Substrat d'électrode de cellule électrochimique,
comprenant la feuille métallique poreuse selon la
revendication 15 ou 16.

18. Electrode (90) de cellule électrochimique dans la-
quelle une substance active est chargée dans les
pores du substrat (10') selon la revendication 17, et
une couche (85A, 85B) de substance active est for-
mée sur une surface au moins du substrat.

19. Electrode selon la revendication 18, dans laquelle
un liant n'est pas ajouté à la substance active.

20. Electrode selon la revendication 18 ou 19, dans la-
quelle la substance active contient des poudres
(82) d'alliage contenant de l'hydrogène comme
principal ingrédient.

21. Electrode selon la revendication 20, dans laquelle
la substance active est constituée de poudre d'un
alliage contenant de l'hydrogène ou d'un mélange
de poudres d'un alliage contenant de l'hydrogène
et d'un métal de transition.

22. Electrode selon l'une quelconque des revendica-
tions 18 à 21, dans laquelle une surface de la cou-
che (85A, 85B) de substance active est recouverte
partiellement ou totalement d'un métal de transition
(95).

23. Cellule électrochimique comprenant l'électrode se-
lon l'une quelconque des revendications 18 à 22.
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