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Description

[0001] This invention relates to reclaiming material from coated substrates that are formed of a sheet substrate
having deposited thereon a coating comprising the material, and especially to the recovery of active materials used in
electrodes of electrochemical cells. In particular, the invention relates to a method and device suitable for recovering
the active materials deposited on sheet electrode substrates, such as from electrode scrap and trimmings resulting
from the manufacture of cells.
[0002] Many secondary electrochemical cells are fabricated from two or more relatively flexible sheet electrodes
separated by a nonconductive layer and wound in a spiral fashion into what is commonly known as a "jelly roll" con-
figuration. They are then inserted into a container and surrounded by an electrolyte. Attaching electrical terminal con-
nections to the partnered electrodes completes the cell. The individual electrodes are fabricated by depositing an
electrochemically active material in a thin layer onto a current collector substrate. Example methods for completing
this process for nickel-cadmium and nickel-metal hydride cells are provided in US-A-5,064,735, US-A-5,466,546 and
US-A-5,527,638.
[0003] Typically, the active material is initially in a powdered form that is combined with solvents and other materials
to form a paste. This paste is physically pressed or extruded onto the collector substrate. Other materials forming the
paste include organic binders such as polyacrylates and copolymers, added to improve adhesion. Both aqueous and
nonaqueous binders are used in various electrode systems. Methods of forming electrodes using copolymer binders
are provided in US-A-5,527,638. Carbon or other additives may also be included to improve conduction or other elec-
trochemical properties.
[0004] In order to form the "jelly roll" configuration, the collector substrate is typically a thin flexible conductive sheet,
such as of nickel plated steel, that allows the significant bending required. Sheet electrodes often include a pattern of
perforations over the effective area. Considerable effort has been expended in the technology to develop and maintain
processes to deposit the active materials securely onto this flexible conductive sheet. During the winding operation,
when the electrodes are rolled and flexed, the active material is subjected to impacts and strains that may disrupt it
from the conductive sheet. In addition to maintaining physical attachment of the active material to the conductive sub-
strate. electrical continuity must also be maintained.
[0005] Consequently, electrodes are processed in a manner in which the active material is very fixedly attached to
the sides of the conductive substrate. This is accomplished in part by using specific binders that hold the active material
together and which in effect "glue" the active material in place onto the substrate. These binders are intermixed with
the active material together with a solvent to form the active material paste. Deposition of the active material onto the
electrode substrate is carried out in a variety of methods including extrusion and roll-coating. After this paste or slurry
is deposited on the conductive sheet, the solvent is removed by drying. The solid binder remains to bind the active
material tightly to the conductive sheet. At this stage the electrode may be pressed or calendered to compress the
active material onto the substrate, increasing the density and reducing the total thickness of the electrode. This calen-
dering may also increase the adhesion of the active material and binder onto the substrate.
[0006] During fabrication of such electrochemical cells, scrap electrode material is often a by-product. This may be
in the form of strip scrap cut from continuous stock electrode to accomplish proper sizing of the finished electrode.
Another source of scrap is electrodes damaged during processing or in some way not meeting quality or manufacturing
standards. This scrap electrode material contains active material that in accumulation has considerable value but is
typically discarded or lost when the scrap is sold or otherwise disposed of. To reduce the losses from scrapped active
material, attempts have been made to recover and reuse the active material from scrap electrode stock and recovered
used cells. The first step in recovering scrap active material is separation of the active material from the supporting
electrode substrate. However, attempts to recover the active material are hindered by the very fact that the active
material is intentionally affixed so well to the conductive substrate.
[0007] Due to the tenacious manner in which the active material is deposited, application of solvents alone is often
insufficient to separate the active material from the substrate. For example, attempting to separate the active material
by dissolving the binder has been found to be particularly ineffective after electrodes have been calendered. Calend-
ering consists of sizing by compressing the active material onto the substrate. After the active material on an electrode
has been compressed, increasing the matrix density, solvents do not penetrate the matrix sufficiently to appreciably
dissolve the binder attaching the matrix to the substrate. In one attempt at this process, chopped scrap electrode that
had been calendered was introduced to a heated mixer with a quantity of solvent. After a period of time in the mixer,
the scrap electrode pieces were observed and found to be little changed. The active material had not separated ap-
preciably from the substrate.
[0008] Several methods are known for recovery and reuse of specific active materials in some secondary cell proc-
esses. For example, JP-A-7335276 discloses a reclaiming process to remove active electrode material from alkaline
storage batteries, in particular NiH electrodes by using a solvent to remove the binder, and applying ultrasonic waves
to dissolve the active material. However, these focus on separation of the active material from the binder and other



EP 1 040 531 B1

5

10

15

20

25

30

35

40

45

50

55

3

matrix constituents to bring the active material back to virgin condition. The separation processes used in these methods
typically include chemical separation steps in which the binders are effectively washed out or otherwise lost. The
recovered active material is then reprocessed at some point to reintroduce new binder material before it is deposited
anew onto a current collector. Therefore, not only do these methods involve substantial processing, but also the loss
of the binders, and the solvents used to dissolve the binders, represents a waste of resources or a disposal problem.
[0009] US-A-4,009,833 discloses separating active electrode material from scrap lead-acid battery plates by vibrating
in a trough, having an upward slope or incline and optionally containing grinding media such as alumina balls or cyl-
inders, whereby the active material breaks out of the metallic grids.
[0010] CA-A-2,225,699 discloses recovering electrode active material from the current collector of nickel-metal hy-
dride batteries, by applying thermal shock to the electrode.
[0011] JP-A-1092417 discloses reclaiming electrode active material from lead or nickel cadmium storage batteries
by crushing the electrode plates.
[0012] It would therefore be desirable to be able to provide a method of recovering material from coated substrates
that are formed from the substrate having deposited thereon a coating comprising the material, with a minimum of
processing. It would further be desirable to be able to reduce the waste of resources or problems of disposal associated
with certain known recovery processes. It would further be desirable to provide such a method suitable for separating
active material from electrode substrates, so as to be able to reuse the active material to form new electrodes.
[0013] We have now found that it is possible to provide a process for reclaiming active material from an electrode
together with binders and other constituents and to use this product directly in electrode fabrication so as to most
efficiently reuse scrap active material. In this way, a greater proportion of the scrap may be saved and reused with a
minimum of energy and material expenditure and environmental impact.
[0014] Accordingly, in a first aspect, the present invention provides a method of reclaiming active electrode material
from a coated substrate formed of a conductive electrode sheet substrate having deposited thereon a coating com-
prising a matrix of the active electrode material with at least one other matrix constituent, comprising mechanically
separating the active electrode material, together with the other matrix constituent(s), from the conductive electrode
sheet substrate by bending the coated substrate at a sufficiently small bend radius to cause the matrix material to crack
and separate from the substrate, to form reclaim particles for reuse. The matrix material preferably comprises a binder.
[0015] Preferably, the reclaim particles are further milled. A solvent for the at least one other matrix constituent is
preferably added to the reclaim particles to dissolve the matrix constituent to form a reclaim paste, and the material is
reused by using the reclaim paste, preferably by depositing it on a substrate to form a coated substrate. In one em-
bodiment, the reclaim paste is combined with a virgin material matrix paste to form a process paste, and the process
paste is deposited onto the substrate to form the coated substrate. In an alternative embodiment, the reclaim particles
are combined with a virgin material matrix powder and solvent is added to the virgin material matrix powder simulta-
neously with adding the solvent to the reclaim particles to form a process paste, and the process paste is deposited
onto the substrate to form the coated substrate.
[0016] In a particular variant of this first aspect, the present invention provides a method of reclaiming active material
from electrodes formed of virgin active material matrix deposited upon a conductive substrate wherein active material
is recovered for reuse together with the remaining constituents of the matrix, the method comprising:

a. mechanically separating active material, together with all other constituents, from an electrode substrate by
bending the coated substrate at a sufficiently small bend radius to cause the matrix material to crack and separate
from the substrate, to form a reclaim powder,
b. adding solvent to the reclaim powder to form a reclaim paste, such that the reclaimed active material matrix
may be reused without altering its composition.

[0017] Preferably, the electrode is bent at a plurality of adjacent locations sufficiently proximate to each other to
cause substantially all the material to be separated from the substrate. The plurality of adjacent locations is preferably
a plurality of mutually parallel lines.
[0018] Preferably, the reclaim particles are milled to reduce the particle size, preferably to a maximum particle size
less than a predetermined dimension and larger than a size of particles of virgin condition active material.
[0019] In a preferred embodiment of the first aspect, a method of forming electrodes for use in a secondary cells is
provided, in which active material in electrodes previously formed of an active material matrix deposited on a substrate
may be recovered and reused, together with all other matrix constituents, to form the new electrodes, the method
comprising:

a. depositing a virgin matrix paste onto a flexible conductive substrate to form a first stock electrode;
b. recovering at least a portion of the first stock electrode;
c. mechanically recovering substantially all the active material from the recovered portion of electrode together
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with substantially all other matrix constituents to form a reclaim powder, by bending the recovered portion to crack
and separate substantially all the active material, together with all intermixed constituents, from the substrate to
form the reclaim powder;
d. forming a reclaim paste by adding a solvent to the reclaim powder; and
e. depositing the reclaim paste onto a flexible conductive substrate to form a second stock electrode;

such that substantially all active material and other matrix constituents are reused and not lost.
[0020] The method according to this preferred embodiment preferably further comprises combining the reclaim pow-
der with virgin active material matrix powder prior to forming a reclaim paste, wherein solvent is added simultaneously
to the combined virgin active material matrix powder. Alternatively, the reclaim paste may be combined with additional
virgin active material matrix paste. The reclaim powder is then preferably milled to reduce its particle size.
[0021] An electrochemical cell electrode may be formed using a method as described above, preferably an electrode
in which the matrix coating comprises from 10 to 25 percent reclaimed matrix material. The electrode preferably com-
prises the negative electrode for an electrochemical cell.
[0022] In a second aspect, the present invention provides a device for recovering substantially all of the active material
from flexible electrode substrates without requiring the dissolution of securing binders, comprising first and second
bending wheels, both having a plurality of bending teeth, each of the plurality of teeth having a tip radius smaller than
a predetermined critical radius, the first wheel being positioned with respect to the second wheel such as to engage
their respective teeth while forming an engagement gap of predetermined height therebetween, such that sheet elec-
trode may pass between the wheels, through the gap, and be bent in a plurality of locations to a bend radius less than
the critical radius thereby cracking and separating active material disposed on the electrode. The device preferably
further comprises means for synchronising the rotation of the first bending wheel with respect to the second bending
wheel such as to maintain the engagement gap.
[0023] In a preferred embodiment of this second aspect, the device further comprises at least one milling wheel, the
milling wheel having knurls on a circumferential face; means for moving a continuous electrode at a feed rate through
the gap and against the milling wheel face; and means for rotating the milling wheels at a face speed greater than the
electrode feed rate, such that the active material on the electrode will be milled off by the rotating milling wheels.
[0024] Advantageously, the method according to the present invention can reclaim material from coated sheet sub-
strates, such as active material from flexible electrode substrates, by mechanical methods without using chemical
separation. Thus, the method has an added benefit in reducing chemical wastes, thereby reducing environmental
impact. Because neither binders, nor solvents used to dissolve binders, need be removed from the process system,
the problem of their disposal may be eliminated.
[0025] Furthermore, the method allows for example the reuse of reclaimed active material as a matrix in combination
with intermixed binders, without the need for separating the active material from the binders or other constituents of
the matrix, thereby reducing processing. Another advantage is that the method permits making electrodes in which
active material is reclaimed from trimmed scrap electrode stock and reused to form new electrodes, thereby reducing
waste.
[0026] The present invention is described herein primarily by reference to the preferred application to reclaiming
active electrode material from electrodes of electrochemical cells. However, the invention is applicable to any coated
substrate formed of a conductive electrode sheet substrate coated with a similar structured matrix of an active electrode
material with other matrix constituents, for example capacitor electrodes.
[0027] The present invention entails processes suitable for the reclamation and reuse of active materials deposited
on flexible electrode substrates. Active materials, as an active material matrix, are separated from electrode substrates
by mechanical methods in order to retain the composition of the matrix. The diluting or composition altering effects of
chemical separation methods are avoided by these methods. By maintaining the composition of the active material
matrix, two objectives are accomplished: first, the value of otherwise lost matrix constituents is retained; and second,
the active material matrix may be easily reused by reintroducing it to an electrode fabrication process. Preprocessing
of the matrix before reuse is reduced.
[0028] A step in reclaiming active materials by the methods according to the present invention is separation and
removal of active material matrix from an electrode substrate. One embodiment of the invention includes a mechanical
separation device that uses a pair of bending wheels having interlocking teeth. These wheels are sized and configured
to allow an electrode of particular dimensions to pass between the opposing teeth of the wheels, within an engagement
gap. The interlocking teeth bend the electrode in a multiple of locations. The tooth shape and spacing result in forming
bends with a radius less than a predetermined critical radius. At this critical radius, which is a function of the electrode
materials and dimensions, the active material matrix begins to separate from the substrate. Separation is due to the
stresses induced by the bending. The wheels are synchronised to maintain the engagement gap between the teeth.
In distinct embodiments, the wheels are free-running or, alternatively, driven. Where continuous electrode strips are
being worked, milling wheels having knurled faces are preferably used to remove any remaining active material from
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the electrode substrate. The same bending wheels may be sized to accommodate continuous or piece electrode ma-
terial of any dimension. The same methods of separation may be employed using other devices to bend electrodes
along a multitude of non-parallel lines or circular bend lines. In separate configurations, the bending wheels are aligned
for horizontal or vertical feed.
[0029] The reclaimed active matrix may be recombined as a powder with virgin powder prior to reuse. Because the
active material matrix is completely recovered, its composition is substantially identical to virgin powder and may be
combined without adjustment. Alternatively, the reclaim powder may be combined with a solvent to form a reclaim
paste and deposited on electrode substrate to form new electrodes. Where the active material matrix includes a binder,
the solvent is selected to dissolve the binder to form the paste. These processes are applicable to binders dissolving
in nonaqueous and aqueous solvents. The reclaim paste may be also combined, in distinct embodiments, with virgin
active material paste in any proportion prior to use in forming electrodes. A grinding and sizing step may be included
to reduce the size of the active material powder particles improving dissolution in the solvent.
[0030] Reclamation of active material is preferably incorporated into a process for forming electrodes. A portion of
scrap stock electrode is recovered after fabrication. This scrap portion may be the result of processing of the electrodes
such as trim scrap or the result of quality or performance rejection of fabricated electrodes. The active material deposited
on this scrap electrode is mechanically recovered and reformed into active material paste. New stock electrode is then
fabricated with this paste. In this manner, the fabrication costs - material, environmental, and economic - are reduced.
Positive and negative electrodes may be formed by these methods.
[0031] Because the separation process is mechanical, it is independent of the active matrix constituent chemistry.
The invention includes processes for reclamation of active materials used in electrodes of nickel-cadmium, nickel-
metal hydride, lithium ion and lithium metal secondary cells. The processes are similarly applied to electrodes of other
cells designs and similar structures having deposited active materials on flexible substrates. Particular processes in-
clude bending of electrodes to a curvature less than a critical bend radius of 0.0625 inch (1.59 mm) along parallel bend
lines no further than about 0.036 inches (0.91 mm) apart.
[0032] The present invention will be further illustrated, by way of example, by reference to the following description
and drawings in which:

Figure 1 represents a general schematic diagram of a reclamation process according to the invention;
Figure 2 depicts a cross section of an electrode as it is bent to separate the active material from the substrate;
Figure 3 depicts one method and device for bending electrodes to separate active material;
Figures 4a and 4b depict a device according to one embodiment of the invention for bending electrodes in which
a pair of toothed wheels is employed;
Figure 5 depicts a cross section of an electrode that has been bent by a device such as that shown in Figure 4;
Figure 6 depicts one embodiment of a system for bending and milling continuous strip electrode to separate and
reclaim the active material;
Figure 7 is a schematic of a process for reclaiming and reusing active material to form new cell electrodes.

[0033] The present invention includes methods of recovering the active material deposited on electrodes. The present
methods and devices are directed at electrodes constructed of an active material matrix affixed to a relatively flexible
substrate. The active material is generally a matrix of electrochemically active agents and binders and performance
enhancing agents. In order to recover the most value from scrap electrode stock or used electrodes, the active material
must be separated from the underlying substrate by mechanical means. This allows the composition of the active
material matrix to be retained and simplifies reintroducing the reclaimed active material matrix to the fabrication of new
electrodes. The flow of scrap electrode stock in a commercial facility is typically inconsistent If the separation process
results in loss of any of the matrix constituents, then adjustment by adding the lost constituents must be made on an
ongoing basis during reuse. By retaining the composition of the active material matrix, this reclaimed material may be
added in any proportion to an existing stream of virgin matrix in an electrode manufacture process. "Virgin" as used
herein refers to a material that has not previously been incorporated into a finished product such as an electrode.
[0034] Figure 1 depicts the essential process steps of one embodiment of the present invention. The active material
matrix is first removed from the electrode substrate by mechanical separation. The form of the active material after
removal is typically large particles and flakes. This is ground and sized as necessary to assist dissolution of the binders
to create a smooth paste. The resulting powder, which contains the active material as well as binder and all other
constituents of the matrix, is then reconstituted back into a paste by addition of a solvent. The solvent dissolves the
existing binder in the reclaimed powder to form the medium of the paste. This reclaim paste is then reused in place of
virgin active material paste in an electrode fabrication process. Reconstitution of the reclaim powder into paste may
occur at any time after the reclaim powder is produced. The reclaim powder may be stored in dry form and prepared
as a paste as needed. The simplified storage and handling of dry reclaim powder is an additional benefit over other
reclamation processes using wet chemical techniques.
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[0035] To separate the active material from the electrode substrate it is necessary to break the bonds existing between
the binder materials and the substrate. In the present invention this is accomplished by mechanical means. Mechanical
separation in the form of bending or ultrasonic beating has successfully recovered active material on calendered elec-
trodes. Despite the tenacious nature of binders, extreme bending of the electrode substrate will cause cracking and
separation of the active material matrix from the substrate. Mechanical separation enables recovery of the active ma-
terial together with the binders and other constituents without dilution or loss.
[0036] Figure 2 depicts a cross section of a portion of an electrode 11 that has been bent at a critical radius of
curvature 21. As the electrode 11 is bent, the matrix of active material 12 on the outside and inside of the bend is
subjected to tensile and compressive stresses. Shear stresses are induced at the junction of the active material 12
and substrate 14. At the point defining the critical radius 21, cracking 16 of the matrix begins due to these stresses. If
the electrode is bent beyond the critical radius of curvature 21, the active material 12 cracks sufficiently to separate
from the substrate 14. The critical radius to cause cracking 16 is dependent in part upon the thickness of the substrate
14 and active material 12 layers. It is also presumed that the electrode is bent through a significant bend angle 23 -
that is, no matter how small the radius of curvature, the electrode must be bent through sufficient bend angle 23 to
induce stresses causing separation of the active material layers. This is dependent on the brittleness of the active
material in the finished electrode and is easily determined through trial bending. Electrodes may be bent for this purpose
by drawing over a bending corner or fixed radius. This may be performed at discrete positions along the electrode or
continuously by drawing a length of electrode transversely over a radius.
[0037] As shown in Figure 3, the bending radius may be in the form of the longitudinal surface of a rod 15, having a
radius slightly less than the critical radius. By drawing the entire electrode transversely over the rod 15, as shown,
effectively all portions of the electrode are eventually subjected to bending at the critical radius and the active material
separated. To recover substantially all the active material on the electrode, it is necessary to cause bending over
sufficient portions of the electrode such that cracking occurs over effectively the entire area of the electrode. It is not
necessary to subject all portions of the electrode to bending, as cracking along the region of bending loosens adjacent
active material as well. If the electrode is to be bent along spaced lines, the lines need only be sufficiently close that
all the intervening active material is loosened. This is more clearly explained with respect to Figures 4 and 5.
[0038] Figure 4 depicts one device for effectively bending electrodes to recover substantially all of the active material.
A pair of toothed gear-like bending wheels 30 are engaged yet spaced apart such that their respective interlocking
teeth 32 do not touch but form an intervening gap. The gap spacing between opposing teeth 32 is sufficient to allow a
strip of electrode 11 to pass between the teeth 32. The wheels' rotation is driven by the electrode 11 as it is dragged
through the wheels 30. The wheels 30 are free running but geared together to turn in a co-ordinated and synchronised
fashion. Alternatively, the wheels 30 may be driven, drawing the electrode 11 through. The strip of electrode 11 is bent
into roughly a wave shape by the interlocking teeth 32, as typified by Figure 5.
[0039] Figure 5 shows a cross section of an electrode 11 that has been bent into a wave shape. Each bend has a
radius of curvature 22 somewhat less than the critical radius for the particular electrode. In this figure, the shape of the
electrode is not sinusoidal. Rather, unbent straight leg portions 20 are interposed between each adjacent bent "crest"
and "trough" of the wave. The length of these leg portions 20 need only be short enough that cracking 16 occurs over
sufficient area of the electrode such that substantially all active material 12 is separated. The length of the leg portion
20 is a function of the pitch P of the wheels 30 and the engagement 31 of the opposing teeth 32 as well as the height
and tip radius of each tooth. The exact overall resultant shape of the bent electrode is not by itself critical. What is
necessary is that the cracking at adjacent bent regions extend sufficiently over the intervening unbent areas that sub-
stantially all the active material 12 separates from the substrate 14. This may be accomplished by many different
combinations of bend radius and leg portion length. The shape shown is only one example. A portion 25 of the active
material 12 is shown breaking from the electrode substrate 14.
[0040] Figure 6 depicts the principal elements of one system using bending wheels as discussed above for removing
active material from continuous strips of electrode. Several rotating elements are viewed along their longitudinal axes.
A set of bending wheels 30 are allowed to run freely to match the feed rate of a strip electrode 42 as it is drawn through.
Unbent continuous strip electrode 42 enters from one side of the bending wheels 30 and leaves with cracked and
loosened active material. A device for catching falling material is preferably placed beneath the bending wheels 30 to
capture a portion of the active material 52 that immediately falls away from the strip electrode 42. For simplicity, the
wave shaped configuration of the bent strip is not shown in the figure. An idler knurl 46 and two control pins 44 aid in
keeping the strip electrode 42 tight within the system. The pins 44 also act to wipe a portion of the cracked active
material from the strip electrode 42 as it passes. The number and arrangement of the pins 44 may be changed to
provide the proper tension and directional control desired in alternative configurations. Additional pins 44 are desired
to increase tension when wide electrode stock is being worked. The continuous strip electrode 42 is drawn through a
pair of milling knurls 48 at the feed rate by pulling knurls 50. The pulling knurls 50 are geared to the milling knurls 48
to overdrive the milling knurls 48 at a linear face speed greater than the strip electrode 42 feed rate. This provides a
milling action that removes the remaining active material from the strip. The spin direction of the milling knurls 48 helps
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move the electrode strip 42 through the system and minimises breakage. The active material is captured as it falls
below the milling knurls 48. The two milling knurls 48 are positioned on opposite sides of the strip electrode 42 to
address both sides. The faces of the pulling knurls 50 have knurling to provide sufficient friction against the electrode
substrate. The manner of making and using such knurled wheels is known to those skilled in the art. Similarly, the
circumferential faces of the milling knurls 48 have knurling to help scrub or mill the active material from the electrode
substrate 14. The function of the milling wheels may be accomplished by other structures such as brushes. Due to the
somewhat pyrophoric nature of many active materials such as metal hydride alloys, an inert gas cover is suggested.
The elements described above may be formed of any of a variety of materials including stainless steels. Acceptable
alternative materials will be obvious to those skilled in the art.
[0041] Within the scope of the invention, the relative positions of the various elements of this system are not fixed
but are adapted in other embodiments to address practical considerations. In one alternative method of using the
bending wheels described above, the pair of bending wheels 30 are oriented with their axes in a common horizontal
plane such that the feed direction is from top to bottom. In this configuration, strip electrode or other scrap may be
prechopped into short lengths and fed vertically into the bending wheels. For this, a vibration table or other device can
be used to orient the chopped lengths to feed edgewise into the bending wheels. The chopped slit scrap falls naturally
from beneath the bending wheels. After the active material matrix is cracked by the bending wheels, the chopped
electrode pieces are loaded into a tumbler with a ceramic tumbling medium. The medium acts to scrub the active
material matrix from the substrate. An inert gas cover is again suggested. After tumbling is completed, a vibrating
screen is used to separate the medium, active material matrix and substrate pieces.
[0042] In other embodiments, the electrode is bent along lines which are not parallel but have a mutual included
angle. In yet other embodiments, the electrode is bent along non-linear lines such as circular lines as might be produced
by spherical impacting. In all these embodiments, portions of the electrode are bent to a radius of curvature less than
a critical radius to cause substantial portions of the active material matrix to separate from the substrate.
[0043] As previously discussed, an advantage of reclaiming active material together with the binders and other matrix
constituents is the simplification of the process of reusing these materials. Figure 7 is a schematic of one process flow
for reclamation and reuse of active material. The first step is mechanical separation of the active material matrix from
the scrap electrode stock. This may be performed by any of the methods previously discussed. After the active material
matrix has been separated from the substrate, a solvent must be added to redissolve any existing binders and form a
reclaim paste. However, because the dry reclaimed active material matrix is in the form of relatively large chips and
flakes, dissolving the binders is an inefficient process. In a preliminary trial, hand mixing was found inadequate to fully
dissolve the binder in flaked reclaim powder. A quantity of reclaim powder was then introduced to a heated mechanical
mixer with solvent Afterυ hour of mixing, little change was noticed in the mixture. After 6υ hours of mixing, the resultant
paste had a smooth feel to the hand but contained many large particles of undissolved reclaim powder.
[0044] To improve efficiency and decrease the stirring times required to completely dissolve the binders, the active
material matrix is preferably milled and sieved. This may be accomplished with a standard ball or roller mill or by dry
mixing. Reducing particle size is also necessary in part to prevent the jamming in the mixing and extruding dies that
may occur with larger particles. Size reduction to the original particle size is not necessary. Separation of metal particles
by screening or magnetic separation is also preferably accomplished at this point as metal particles may be broken
from the electrode substrate during the bending operations. After separation and sizing, the reclaim powder is intro-
duced to a mechanical mixer with a quantity of solvent and mixed to form a uniform paste matching the characteristics
of virgin paste. Heat is applied to the paste as necessary to improve viscosity. The paste is then introduced to an
electrode fabrication process in the same manner as virgin paste. The ongoing virgin paste stream need not be adjusted
to maintain composition. The paste is pressure fed to a pump that in turn feeds a die extruder. Within the extruder, the
virgin paste and reintroduced reclaim paste are intermixed and then extruded onto electrode substrate. By introducing
the reclaim paste in a path parallel to the virgin paste path, the reclaim paste may be added in the time and quantity
available. The only adjustment necessary is the virgin paste feed rate. When no reclaim paste is available, the fabri-
cation process proceeds using 100% virgin paste. In an alternative reclamation and reuse process, the reclaim powder,
including binders and other constituents, is mixed with virgin powder. This combined powder is then used to form a
paste and deposited on a substrate. Other alternative reuse processes are possible which gain the benefits of the
reclamation methods provided here.
[0045] The present methods may be applied to electrodes using other active materials and other binder systems or
having other geometric parameters such as active material layer thickness. While the examples used herein have use
electrodes with active material deposited on two sides, the same methods may be employed on one-sided electrodes.
The same structure of a deposited matrix on a sheet substrate is used in other electronic components such as capac-
itors. Where recovery of active materials from such component substrates is desired, these methods of separation and
reclamation may be likewise employed.
[0046] The bending parameters are partly dependent, as with electrochemical cell electrodes, upon the binder ma-
terials and other constituents. More brittle active material layers, using less flexible binders, will generally not require
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as small a radius of bending as determined in the examples above. Determining the proper bend radius requires trial
bending at various angles and observing the resultant cracking and separation. A "flexible" electrode as described
here is one having sufficient flexibility and resiliency to be bent sufficient to crack and separate the attached active
materials without itself being first broken. A higher degree of resiliency may be required of an electrode material used
in a continuous strip bending operation than where chopped or cut electrodes are being worked.
[0047] These methods of separation and reclamation may also be applied to systems using water-based binders or
no binders at all. Additional advantages exist for reclaiming active materials in combination with aqueous binders.
Minimising water contact time is generally desired with these systems. By recovering the active material matrix and
then dissolving the aqueous binders just prior to use and mixing with virgin paste, water contact time is reduced. Where
the active material matrix includes no binders, the separation methods are still valuable to recover the active materials
and other constituents.
[0048] Although the reclaimed active material matrix may be reused to make up 100 percent of a process paste to
form electrodes, as demonstrated by the examples below, a preferred composition is 10 to 25 percent reclaim active
material matrix powder or paste in combination with virgin active material matrix powder or paste. The discussed
mechanical methods of separating active material are preferably used in conjunction with recovery and reuse of the
binders. However, where final separation and recovery of active material separate from intermixed binders or other
constituents is desired, the same techniques may be employed as a first step.
[0049] The present invention may be further illustrated by the following non-limiting examples:

EXAMPLES

Example 1:

[0050] A prototype system such as depicted in Figure 6 was built. Table 1 below provides the essential parameters.
The bending wheels used were manufactured with angled teeth, that is, having effectively a zero radius of curvature
at the teeth tips. Continuous strip electrode was passed through this system - after which effectively no active material
remained on the substrate. The electrode stock used for this test was formed of a perforated low carbon sheet steel
substrate. After nickel plating, the substrate had a nominal thickness of 0.0024 inch (0.06mm). A matrix containing a
metal hydride based active material powder and a copolymer binder was deposited on both sides of the substrate to
a finished nominal thickness ranging from 0.0105 to 0:0135 inch (0.267 to 0.343 mm). Experimenting by manual bending
determined that the critical radius for this electrode configuration was approximately 1/16 inch (1.59mm).

Claims

1. A method of reclaiming active electrode material from a coated substrate formed of a conductive electrode sheet
substrate having deposited thereon a coating comprising a matrix of the active electrode material with at least one
other matrix constituent, comprising mechanically separating the active electrode material, together with the other
matrix constituent(s), from the conductive electrode sheet substrate by bending the coated substrate at a sufficiently
small bend radius to cause the matrix material to crack and separate from the substrate, to form reclaim particles
for reuse.

2. A method according to claim 1, wherein the matrix constituents comprise a binder.

Table 1

Bending and Knurling System Parameters

Bending Wheel Outside Diameter - inch (mm) 1.36 (34.54)

Bending Wheel Pitch - teeth/inch (teeth/cm) 14 (5.51)

Engagement of Opposing Teeth - inch (mm) 0.003 - 0.005 (0.076 - 0.127)

Tooth Angle - degrees 90

Milling Knurls Speed - fraction of feed rate 23

Feed rate - ft/minute (m/s) 40 - 80 (2 - 4)

Control Pin Diameter - inch (mm) 0.125 (3.175)
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3. A method according to claim 1 or claim 2, further comprising milling the reclaim particles.

4. A method according to any preceding claim, further comprising adding a solvent for a matrix constituent to the
reclaim particles to dissolve the matrix constituent, to form a reclaim paste.

5. A method according to claim 4, wherein the solvent is nonaqueous.

6. A method of reclaiming active material from electrodes formed of virgin active material matrix deposited upon a
conductive substrate wherein active material is recovered for reuse together with the remaining constituents of
the matrix, the method comprising:

a. mechanically separating active material, together with all other constituents, from an electrode substrate
by bending the coated substrate at a sufficiently small bend radius to cause the matrix material to crack and
separate from the substrate, to form a reclaim powder,
b. adding solvent to the reclaim powder to form a reclaim paste,

such that the reclaimed active material matrix may be reused without altering its composition.

7. A method according to any preceding claim, wherein the coated substrate is bent at a plurality of adjacent locations
sufficiently proximate to each other to cause substantially all the material to be separated from the substrate.

8. A method according to claim 7, wherein the plurality of adjacent locations is a plurality of mutually parallel lines.

9. A method according to claim 8, wherein the substrate is bent at each location to a radius of curvature of less than
about 1/16 inch (1.59 mm).

10. A method according to claim 8 or claim 9, wherein the parallel lines are each no further than about 0.036 (0.91
mm) inches distant from an adjacent line.

11. A method according to any of claims 4 to 6, further comprising depositing the reclaim paste onto a substrate to
form a coated substrate.

12. A method according to claim 11, wherein the reclaim paste is combined with a virgin material matrix paste to form
a process paste, and the process paste is deposited onto the substrate to form the coated substrate.

13. A method according to any of claims 4 to 6, wherein the reclaim particles are combined with a virgin material matrix
powder and solvent is added to the virgin material matrix powder simultaneously with adding the solvent to the
reclaim particles to form a process paste, and the process paste is deposited onto a substrate to form a coated
substrate.

14. A method according to claim 12 or claim 13, wherein from 10 to 25 percent of the matrix material in the process
paste is reclaimed matrix material.

15. A device for recovering substantially all of the active material from flexible electrode substrates without requiring
the dissolution of securing binders, comprising first and second bending wheels, both having a plurality of bending
teeth, each of the plurality of teeth having a tip radius smaller than a predetermined critical radius, the first wheel
being positioned with respect to the second wheel such as to engage their respective teeth while forming an
engagement gap of predetermined height therebetween, such that sheet electrode may pass between the wheels,
through the gap, and be bent in a plurality of locations to a bend radius less than the critical radius thereby cracking
and separating active material disposed on the electrode.

16. A device according to claim 15, further comprising a synchronising means for synchronising the rotation of the first
bending wheel with respect to the second bending wheel such as to maintain the engagement gap.

17. A device according to claim 15 or claim 16, further comprising:

at least one milling wheel, the milling wheel having knurls on a circumferential face;
means for moving a continuous electrode at a feed rate through the gap and against the milling wheel face; and
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means for rotating the milling wheels at a face speed greater than the electrode feed rate,
such that the active material on the electrode will be milled off by the rotating milling wheels.

Patentansprüche

1. Verfahren zur Zurückgewinnung von aktivem Elektrodenmaterial von einem beschichteten Substrat, das aus einem
leitenden Elektrodensubstratblech mit einer darauf aufgetragenen Beschichtung besteht, welch letztere eine Matrix
des aktiven Elektrodenmaterials mit mindestens einer anderen Matrixkomponente enthält, Verfahren das eine
mechanische Trennung des aktiven Elektrodenmaterials umfasst, zusammen mit der bzw. den anderen Matrix-
komponente(n), von dem leitenden Elektrodensubstratblech, durch Biegen des beschichteten Substrats bei einem
ausreichend kleinen Biegeradius, um das Matrixmaterial dazu zu bringen zu zerreißen und sich von dem Substrat
zu trennen, um so zurückgewonnene Partikel für die Wiederverwertung zu erzeugen.

2. Verfahren gemäß Anspruch 1, bei dem die Matrixkomponenten ein Bindemittel enthalten.

3. Verfahren gemäß Anspruch 1 oder Anspruch 2, das weiterhin das Zermahlen der zurückgewonnenen Partikel
enthält.

4. Verfahren gemäß irgendeinem vorhergehenden Anspruch, das weiterhin die Zugabe eines Lösungsmittels für eine
Matrixkomponente zu den zurückgewonnenen Partikeln enthält, um die Matrixkomponente aufzulösen und um
eine zurückgewonnene Paste zu erzeugen.

5. Verfahren gemäß Anspruch 4, bei dem das Lösungsmittel nicht wässrig ist.

6. Verfahren zur Zurückgewinnung eines aktiven Materials aus Elektroden, das gebildet wird aus einer Matrix von
unvermischtem aktivem Material, das auf ein leitendes Substrat aufgetragen wird, Verfahren bei welchem das
aktive Material wiedergewonnen wird im Hinblick auf die Wiederverwertung zusammen mit den restlichen Kom-
ponenten der Matrix, wobei das Verfahren umfasst:

a. eine mechanische Trennung des aktiven Materials, zusammen mit allen anderen Komponenten, aus einem
Elektrodensubstrat durch Biegen des beschichteten Substrats bei einem ausreichend kleinen Biegeradius,
um das Matrixmaterial dazu zu bringen zu zerreißen und sich von dem Substrat zu trennen, um so ein zu-
rückgewonnenes Pulver zu bilden,
b. ein Hinzusetzen eines Lösungsmittels zu dem zurückgewonnenen Pulver, um eine zurückgewonnene Paste
zu bilden, derart dass das zurückgewonnene aktive Matrixmaterial erneut verwertet werden kann ohne seine
Zusammensetzung zu verändern.

7. Verfahren gemäß irgendeinem vorhergehenden Anspruch, bei dem das beschichtete Substrat an einer großen
Anzahl von nebeneinander liegenden Stellen gebogen wird, welche genügend nahe beieinander liegen, um im
Wesentlichen alles Material dazu zu bringen von dem Substrat getrennt zu werden.

8. Verfahren gemäß Anspruch 7, bei dem die Vielzahl von nebeneinander liegenden Stellen aus einer großen Anzahl
von zueinander parallelen Linien besteht.

9. Verfahren gemäß Anspruch 8, bei dem das Substrat an jeder Stelle bei einem Krümmungsradius von weniger als
etwa 1/16 Inch (1,59 mm) gebogen wird.

10. Verfahren gemäß Anspruch 8 oder Anspruch 9, bei dem von den parallelen Linien eine jede nicht weiter als etwa
0,036 Inch (0,91 mm) von einer benachbarten Linie entfernt ist.

11. Verfahren gemäß irgendeinem der Ansprüche 4 bis 6, das ferner das Auftragen der zurückgewonnenen Paste auf
ein Substrat enthält, um ein beschichtetes Substrat zu erzeugen.

12. Verfahren gemäß Anspruch 11, bei dem die zurückgewonnene Paste kombiniert wird mit einer unvermischten
Paste der Materialmatrix, um eine Verarbeitungspaste zu bilden, und bei dem die Verarbeitungspaste auf das
Substrat aufgetragen wird, um das beschichtete Substrat zu erzeugen.
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13. Verfahren gemäß irgendeinem der Ansprüche 4 bis 6, bei dem die zurückgewonnenen Partikel kombiniert werden
mit einem unvermischten Pulver der Materialmatrix und bei dem ein Lösungsmittel zu dem unvermischten Pulver
der Materialmatrix hinzugegeben wird gleichzeitig mit der Zugabe des Lösungsmittels zu den zurückgewonnenen
Partikeln, um eine Verarbeitungspaste zu erzeugen, und die Verarbeitungspaste wird auf ein Substrat aufgetragen,
um ein beschichtetes Substrat zu erzeugen.

14. Verfahren gemäß Anspruch 12 oder Anspruch 13, bei dem 10 bis 25 Prozent des Matrixmaterials in der Verarbei-
tungspaste zurückgewonnenes Matrixmaterial ist.

15. Vorrichtung zur Zurückgewinnung von im Wesentlichen allem aktiven Material aus flexiblen Elektrodensubstraten,
ohne dass das Auflösen der zusammenhaltenden Bindemittel erforderlich wäre, Vorrichtung welche erste und
zweite Biegeräder aufweist, wobei beide mit einer großen Anzahl von Biegezähnen ausgestattet sind und ein jeder
aus der großen Anzahl von Zähnen einen Radius des Zahnkopfes besitzt, der kleiner ist als ein vorbestimmter
kritischer Radius, wobei das erste Rad in Bezug auf das zweite Rad so angeordnet ist, dass ihre jeweiligen Zähne
ineinander greifen und dabei ein Eingriffsspalt von einer vorherbestimmten Höhe zwischen denselben gebildet
wird, derart dass das Elektrodenblech zwischen den Rädern hindurch treten kann, durch den Spalt hindurch geht
und an einer großen Anzahl von Stellen gebogen werden kann bis zu einem Biegeradius der kleiner ist als der
kritische Radius, wodurch das auf der Elektrode aufgetragene aktive Material zerreist und abgetrennt wird.

16. Vorrichtung gemäß Anspruch 15, die weiterhin ein Synchronisationsmittel enthält für die Synchronisation der Um-
drehung des ersten Biegerades in Bezug auf das zweite Biegerad in der Weise, dass der Eingriffsspalt aufrecht-
erhalten wird.

17. Vorrichtung gemäß Anspruch 15 oder Anspruch 16, die weiterhin enthält:

mindestens ein Rad zum Zermahlen, wobei das Rad zum Zermahlen Rändelungen an seiner Umfangsseite
aufweist;
Mittel zum Bewegen einer kontinuierlichen Elektrode mit einer gewissen Vorschubgeschwindigkeit durch den
Spalt und hin gegen die Oberfläche des Mahlrades; und
Mittel zum Drehen der Mahlräder mit einer Umfangsgeschwindigkeit die größer ist als die Zufahrgeschwin-
digkeit der Elektrode,
derart, dass das aktive Material auf der Elektrode durch die drehenden Mahlräder herunter gemahlen wird.

Revendications

1. Procédé de récupération de matériau d'électrode actif à partir d'un substrat enrobé formé d'un substrat composé
d'une feuille d'électrode conductrice sur laquelle est déposé un revêtement comprenant une matrice du matériau
d'électrode actif contenant au moins un autre constituant de matrice, comprenant la séparation mécanique du
matériau d'électrode actif, avec le(s) autre(s) constituant(s) de la matrice, du substrat composé d'une feuille d'élec-
trode conductrice en pliant le substrat enrobé suivant un rayon de pliure suffisamment petit pour amener le matériau
de la matrice à se craqueler et à se séparer du substrat de manière à former des particules de récupération que
l'on peut réutiliser.

2. Procédé selon la revendication 1, dans lequel les constituants de la matrice comprennent un liant.

3. Procédé selon la revendication 1 ou la revendication 2, comprenant, en outre, le broyage des particules de récu-
pération.

4. Procédé selon l'une quelconque des revendications précédentes, comprenant, en outre, l'addition aux particules
de récupération d'un solvant pour un constituant de la matrice afin de dissoudre ce constituant de la matrice, de
manière à former une pâte de récupération.

5. Procédé selon la revendication 4, dans lequel le solvant est non aqueux.

6. Procédé de récupération du matériau actif d'électrodes formées d'une matrice de matériau actif vierge déposée
sur un substrat conducteur, dans lequel le matériau actif est récupéré afin d'être réutilisé avec les autres consti-
tuants de la matrice, le procédé consistant à:
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a. séparer mécaniquement le matériau actif, en même temps que tous les autres constituants, d'un substrat
d'électrode en pliant le substrat enrobé suivant un rayon de pliure suffisamment petit pour amener le matériau
de la matrice à se craqueler et à se séparer du substrat de manière à former une poudre de récupération,
b. ajouter un solvant à la poudre de récupération pour former une pâte de récupération de manière à pouvoir
réutiliser la matrice de matériau actif récupérée sans altérer sa composition.

7. Procédé selon l'une quelconque des revendications précédentes, dans lequel le substrat enrobé est plié en une
pluralité d'endroits adjacents suffisamment proches les uns des autres pour amener essentiellement tout le ma-
tériau à se séparer du substrat.

8. Procédé selon la revendication 7, dans lequel la pluralité d'endroits adjacents est une pluralité de lignes parallèles
les unes aux autres.

9. Procédé selon la revendication 8, dans lequel le substrat est plié, à chaque endroit, suivant un rayon de courbure
inférieur à environ 1,59 mm (1/16ème de pouce).

10. Procédé selon la revendication 8 ou la revendication 9, dans lequel chacune des lignes parallèles n'est pas éloignée
de plus de 0,91 mm environ (0,036 pouce) d'une ligne adjacente.

11. Procédé selon l'une quelconque des revendications 4 à 6, comprenant, en outre, la déposition de la pâte de ré-
cupération sur un substrat pour former un substrat enrobé.

12. Procédé selon la revendication 11, dans lequel la pâte de récupération est combinée à une pâte pour matrice à
matériau vierge afin de former une pâte de traitement, et la pâte de traitement est déposée sur le substrat pour
former le substrat enrobé.

13. Procédé selon l'une quelconque des revendications 4 à 6, dans lequel les particules de récupération sont combi-
nées à une poudre pour matrice à matériau vierge et on ajoute un solvant à la poudre pour matrice à matériau
vierge simultanément à l'addition de solvant aux particules de récupération afin de former une pâte de traitement,
et la pâte de traitement est déposée sur un substrat pour former un substrat enrobé.

14. Procédé selon la revendication 12 ou la revendication 13, dans lequel 10 à 25 pour cent du matériau de matrice
présent dans la pâte de traitement est du matériau de matrice récupéré.

15. Dispositif pour récupérer essentiellement tout le matériau actif de substrats d'électrode flexibles ne nécessitant
pas la dissolution des liants de fixation, comprenant une première et une seconde roues de pliage, les deux étant
pourvues d'une pluralité de dents de pliage dont chacune a un rayon d'extrémité inférieur à un rayon critique
prédéterminé, la première roue étant positionnée, par rapport à la seconde roue, de manière à ce que leurs dents
respectives s'engrènent tout en ménageant entre elles un intervalle d'engrènement de hauteur prédéterminée de
manière à ce que l'électrode flexible puisse passer entre les roues, à travers l'intervalle, et être pliée en une pluralité
d'endroits suivant un rayon de pliure inférieur au rayon critique, ce qui provoque la craquelure et la séparation du
matériau actif se trouvant sur l'électrode.

16. Dispositif selon la revendication 15, comprenant, en outre, un moyen de synchronisation pour synchroniser la
rotation de la première roue de pliage par rapport à la seconde roue de pliage de manière à conserver l'intervalle
d'engrènement.

17. Dispositif selon la revendication 15 ou la revendication 16, comprenant, en outre:

au moins une roue de broyage, la roue de broyage étant pourvue de molettes sur une face circonférentielle;
un moyen pour déplacer une électrode continue selon une vitesse d'alimentation à travers l'intervalle et contre
la face de la roue de broyage; et
un moyen pour faire tourner les roues de broyage à une vitesse de surface supérieure à la vitesse d'alimen-
tation de l'électrode,
de manière à ce que le matériau actif se trouvant sur l'électrode soit séparé par broyage sous l'effet de la
rotation des roues de broyage.
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