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The present invention relates to a supercapacitor cell comprising unit
cells arranged in series and encapsulated in a flexible and leak-tight packaging, to-
gether with a supercapacitive module capable of forming a supercapacitor and com-
prising in a rigid housing at least one stack of several of these cells. The invention is
notably applicable, but not exclusively, to supercapacitors designed to equip automo-
bile or aeronautical vehicles.

Supercapacitors are electrical energy storage systems particularly
advantageous for applications requiring electrical energy to be carried at high power.
Their capability for charging and discharging rapidly, and their increased lifetime with
respect to a high-power battery make them promising candidates for a number of ap-
plications. Supercapacitors generally consist of the association of two conducting po-
rous electrodes with a high specific surface area, immersed in an ionic electrolyte and
separated by an insulating membrane, known as a “separator’, which enables the ionic
conductivity and avoids the electrical contact between the electrodes. Each electrode is
in contact with a metal collector allowing the exchange of the electrical current with an
external system. Under the influence of a potential difference applied between the two
electrodes, the ions present within the electrolyte are attracted by the electrode surface
having an opposite charge, thus forming an electrochemical double-layer at the inter-
face of each electrode. The electrical energy is thus stored electrostatically by separa-
tion of the charges. The expression for the capacitance C of a supercapacitor is identi-
cal to that of a conventional capacitor, i.e.:

C = ¢.S/e, where ¢ denotes the permittivity of the medium, S the sur-
face area occupied by the double-layer, and e the thickness of the double-layer.

The capacitances achievable within supercapacitors are nevertheless
much higher than those commonly reached by conventional capacitors, owing to the
use of these electrodes with a maximized specific surface area, usually carbon-based,
and of the extreme fineness of the electrochemical double-layer (typically of a few na-
nometers in thickness). These carbon-based electrodes must necessarily be conduc-
tive in order to ensure the transport of the electrical charges, porous in order to ensure
the transport of the ionic charges and the formation of the electrical double-layer over a
large surface area, and chemically inert so as to avoid any spurious reaction that might
consume energy.

The main design parameters for supercapacitive devices are the total
stored energy, the maximum deliverable power and the mass and volume densities of

the two preceding quantities (i.e. the energy density and the power density). A com-
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promise must in general be reached between these parameters, depending on the tar-
get applications. Some applications such as static mass storage devices require, above
all, a large storage capacity without the maximum power being a truly limiting factor,
whereas other applications, such as railroad equipment, require a high energy and
power without the constraints on weight and on volume really being limiting, it being
noted that the applications to automobile or aeronautical vehicles require a compro-
mise in energy/power with very tight constraints on weight and on volume.

The energy E stored within a supercapacitor is defined according to
the conventional expression for capacitors, i.e.:

E = 1/2. C.V? where V is the potential of the supercapacitor.

The capacitance and the potential are two essential parameters
which need to be optimized in order to promote high performance in energy, the poten-
tial mainly depending on the nature of the electrolyte and notably on its electrochemical
stability (it being noted that the main families of electrolytes are organic electrolytes,
comprising an organic salt dispersed within an organic solvent, and aqueous electro-
lytes), and the capacitance depending of the porous texture accessible in practice by
this electrolyte.

A unit supercapacitor cell (“‘unit cell” is understood in a known manner
in the present description to mean an elementary cell of minimum size that is neces-
sary for the autonomous operation of a supercapacitor and which comprises by defini-
tion two carbon-based porous electrodes separated by an insulating membrane and
impregnated with an electrolyte) usually comprises two current collectors allowing the
current to be carried as far as the two electrodes. In order to be able to reach a high-
power operation, the resistance to the passage of the current within the unit cell must
be very small, owing to the fact that this resistance leads to losses by Joule heating
which decreases the efficiency of the supercapacitor. This resistance is the sum of the
resistances of the various components of the unit cell, notably the resistance of the
electrolyte and that of the current collectors. In order to limit the contribution of the re-
sistances of the collectors, it is necessary to use for the latter metals with a high con-
ductivity which must furthermore be inexpensive and able to be easily fashioned, nota-
bly such as copper and aluminum. However, in the case of an aqueous electrolyte, the
use of these metals poses problems of chemical and electrochemical stability owing to
the fact that they will corrode at the oxidation potentials typically used in an agueous

solution.
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A supercapacitor cell (“cell” is understood in a known manner in the
present description to mean a physical unit composed of one or more unit cells con-
nected together) is not only composed of at least two carbon-based electrodes sepa-
rated by a membrane and of two collectors, but furthermore of a leak-tight packaging
that is impermeable to gases and to liquids and of components ensuring the leak-tight
and impermeable closure of the packaging. However, as only the active material of the
electrodes contributes to the energy storage function of the cell, the weight and the
volume of its other components, including the packaging, must be minimized without
however limiting the performance of the cell.

Generally speaking, the design parameters of a supercapacitive
module are expressed in terms of operating voltage and overall capacitance depending
on the target application and on the environment of use of the module by linking the
cells in series or in parallel. Linking in series allows the unitary voltages across the ter-
minals of the cells to be summed, but to the detriment of the overall capacitance whose
inverse is equal to the sum of the inverses of the unitary capacitances. In contrast to
this, linking cells in parallel allows the capacitances of the cells to be summed but with-
out modifying the voltage across the terminals of each cell.

In this context, the document US-B2-6 998 190 may be mentioned
which teaches the use in a supercapacitor of a stack of unit cells enveloped in two
packaging plastic films at the junction of which current collectors are bonded or fused.

One aim of the present invention is to provide a supercapacitor cell
comprising n unit cells (n = 2) arranged side by side in series and encapsulated in a
flexible and leak-tight packaging which allows all of the aforementioned drawbacks to
be overcome, this cell notably having an upgradable structure allowing it to be adapted
to the supercapacitive module incorporating it and hence to the application and to the
environment of use targeted while at the same time conserving the performance char-
acteristics of the known supercapacitors, together with a size that is neither too large
(for module architectures of limited size) nor too small (for large module architectures,
in view of the reduced nominal voltage of a unit cell).

Such a cell according to the invention has each unit cell comprising
two upper and lower porous electrodes, an electrically insulating membrane separating
the electrodes from one other and an ionic electrolyte in which the electrodes are im-
mersed, the cell comprising, inside the packaging, a plurality of current collectors
whose two upper and lower collector parts respectively cover the upper and lower elec-

trodes, and this cell is such that at least one pair of said adjacent unit cells is covered
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with one said upper or lower collector common to this pair, two upper and/or lower
truncated collectors being formed at two respective ends of the cell, two of said adja-
cent collectors being respectively terminated by facing edge sections which are electri-
cally insulated from one another by an insulating adhesive material covering these flat
sections.

Generally speaking, it will be noted that said upper and lower collec-
tor parts define, for the n unit cells, a total number of said collectors (i.e. of the common
collector or collectors and of the truncated collectors) which is equal to n+1.

According to another feature of the invention, said unit cells of said at
least one pair are connected together by a link section which comprises a first continu-
ous section of said upper or lower collector part and are separated from one another by
a second opposing discontinuous section of said lower or upper collector part, respec-
tively, this first section being defined by a median portion of said common collector and
this second section being defined by portions of said adjacent collectors which have
said edge sections and which are sealed over this median portion by means of said
insulating adhesive material.

Advantageously, said packaging can be sealed on respective external
faces of said first continuous section and of said second discontinuous section between
two said unit cells of said at least one pair, by means of said insulating adhesive mate-
rial.

Preferably, a number n = 3 of unit cells is used, with at least two said
consecutive pairs which define at least two said common collectors, upper and lower
respectively, which are alternated in staggered fashion along the cell over said two col-
lector parts, and at least two said discontinuous sections, upper and lower respectively,
also alternating over these parts.

According to another preferred feature of the invention, notably for
application to an automobile vehicle, said upper and lower electrodes are each formed
from a carbon monolith, and/or said electrolyte is of the aqueous type.

It will be noted that the use of monolithic carbon allows high mass ca-
pacitances to be obtained for the unit cells with improved energy densities with respect
to non-monolithic electrodes obtained by dispersion of a conducting porous carbon in
an inert organic binder and a solvent, then by spreading of the paste obtained over the
current collector. Indeed, such a binder has the drawback of thickening and of making
each unit cell heavier without being active for storing energy. In order to reach high

storage energies and high energy densities, it is therefore particularly advantageous to
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incorporate the active material into the unit cells in the form of monoliths (i.e. without
inert binder for dispersing the active material, which improves ipso facto the mass and
volume energy densities achievable).

It will also be noted that the aqueous electrolytes, composed for ex-
ample of aqueous solutions of sulfuric acid, of potassium chloride, of potassium sulfate
or of other salts in an acid, base or neutral solution, have the advantage of being inex-
pensive and non-flammable in contrast to organic electrolytes which are expensive,
inflammable, toxic and potentially polluting, thus posing problems of safety of use in an
automobile vehicle, for example. These aqueous electrolytes are therefore advanta-
geously usable in such a vehicle, although having the relative drawback of a lower ap-
plicable potential (typically 1.2 V) with respect to that which is applicable with an organ-
ic electrolyte (typically 2.7 V).

In this preferred case, notably for automobile vehicles where mono-
lithic carbon-based electrodes and an aqueous electrolyte are used, said collectors can
advantageously each comprise a metal conductor which is coated with a polymer layer,
for protection against said electrolyte, on its external face in contact with said packag-
ing and on its internal face turned toward the opposing lower and upper collectors, re-
spectively.

It will be noted that, in the preferred case of an active material for
each electrode in the form of a carbon monolith, this protection layer covering the two
faces of each collector advantageously allows a good contact between this monolith
and the metal conductor of the collector to be obtained while at the same time allowing
this conductor, sensitive to corrosion in an aqueous solution, to be protected. The re-
sult of this is that the electrical contact between each electrode and the current collec-
tor covering it is improved, which in turn allows the resistance of the interface between
this active material and the adjacent metal conductor to be minimized.

Also by way of a preferred embodiment, said packaging comprises a
single deformable film folded back on itself or else two deformable films of a multilayer
plastic material, metallized or not, two respectively upper and lower faces of this single
film or else these two films being sealed preferably by heat sealing between said unit
cells in adjacent pairs and on end edges of the cell so as to define dead volumes within
these unit cells, this packaging preferably having a thickness in the range between 50

pm and 200 pym.



10

15

20

25

30

35

DK/EP 2557579 T3

It will be noted that this packaging according to the invention, alt-
hough chosen not to be very dense or very thick, hence relatively light, must fulfil its
functions of leak tightness and of impermeability.

A supercapacitive module according to the invention, which is capa-
ble of forming a supercapacitor, comprises:

- a rigid housing preferably in the form of a parallelepiped and com-
posed of two parts soldered or bonded onto one another,

- at least one stack of m (m = 2) cells disposed on a bottom wall of
the housing, each cell comprising n unit cells (n = 2) arranged side by side in series
and encapsulated in a flexible and leak-tight packaging, and

- means for maintaining under pressure said at least one stack which
push up against a top wall of the housing and against a said cell nearest to said at least
one stack,

and this module of the invention is characterized in that each of said
cells is such as defined hereinabove.

Advantageously, this module can comprise a said stack of m = 5
cells, each of the cells comprising n 2 5 unit cells.

According to another feature of the invention, said means for main-
taining under pressure can comprise at least one force return means, such as a spring
or an air cushion, which is mounted against said top wall and against said cell nearest
to said at least one stack and which is optionally combined with at least one plate dis-
posed between this nearest cell and this force return means, for optimizing the distribu-
tion of forces over the respective surfaces of said electrodes.

Equally advantageously, the external face of said housing, preferably
on said bottom wall, can have ribs and serrations for mechanical reinforcement of the
module which optionally form guides and accommodations receiving strapping loops.

According to another feature of the invention, this module can com-
prise one said stack all of said cells of which are electrically connected together by
means of two terminal collector blocks which are respectively connected to two metal
lugs corresponding to the two terminals of the module, each lug having one lug end
internal to said housing assembled to said adjacent collector block by soldering, braz-
ing or mechanical contact and one lug free end external to this housing designed to
receive a connection element.

Advantageously, only said lugs protrude from said housing, these

lugs being assembled to said collector blocks at heights from said bottom wall that are
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identical or not, with said free ends of these lugs respectively protruding from the hous-
ing preferably in a manner adjacent to said bottom wall and in a manner adjacent to
said top wall.

Other features, advantages and details of the present invention will
become apparent upon reading the following description of one exemplary embodiment
of the invention, presented by way of non-limiting illustration, and said description being
presented with reference to the appended drawing, in which:

Figure 1 is a partial schematic view in perspective and in transverse
cross section of a supercapacitor cell with several unit cells according to one exempla-
ry embodiment of the invention,

Figure 2 is a detailed view also in perspective and in transverse cross
section corresponding to the framed area in Figure 1 and showing the structure of each
link section between adjacent unit cells of this cell,

Figure 3 is a magnified detailed view of a current collector in Figure 2
showing, in a transverse cross section, the structure of this collector, and

Figure 4 is a schematic transverse cross-sectional view of a superca-
pacitor module according to one example of the invention, incorporating a stack of
cells, for example such as that in Figure 1.

The cell 1 in Figure 1 comprises, in this example, n = 5 unit cells 10
arranged side by side in series and enveloped in a packaging 20 composed of two flex-
ible plastic upper 21 and lower 22 films, which are deformable and leak tight (as a vari-
ant, this packaging could be formed from a single flexible, deformable and leak-tight
film folded back on itself). Each unit cell 10 comprises two porous upper 11 and lower
12 electrodes which are each made of a carbon monolith, are separated by an electri-
cally insulating membrane 13 and which are immersed in an ionic aqueous electrolyte
(not visible).

The cell 1 comprises, inside of the packaging 20, a current collector
unit 30 two upper 31 and lower 32 collector parts of which respectively cover the upper
11 and lower 12 electrodes.

According to the invention, each pair of adjacent unit cells 10 is cov-
ered, on the one hand, by an upper 33 or lower 34 collector common to this pair and,
on the other hand, by two portions of this common collector 33, 34, lower or upper re-
spectively, it being noted that the cell 1 has, at the ends of a line, two truncated collec-
tors 35 and 36. “Truncated collector” is understood to mean, in the present description,

a common collector 33, 34 which is truncated at each electrical connection end of the
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cell 1, in the sense that it only has about a half-portion of this common collector 33, 34.
In other words, each common collector 33, 34 is shared between two adjacent unit
cells 10, and two consecutive common collectors 33 and 34 are disposed on either side
of the median longitudinal plane of the cell 1 containing the membranes 13, which
means that these common collectors 33, 34 are disposed in opposing alternation with
respect to this plane between the upper 31 and lower 32 collector parts.

In addition, and as visible in Figure 1, two adjacent collectors 33, 34,
35, 36 are respectively terminated by facing edge sections 37 which are electrically
insulated from each other by an insulating adhesive film 38a covering these edge sec-
tions 37, which protects these edge sections 37 not only from corrosion but furthermore
prevents these adjacent connectors 33 to 36 from touching each other and forming
short-circuits, as will be explained hereinbelow.

In the example in Figure 1, this cell 1 comprises two upper common
collectors 33, two lower common collectors 34, an upper truncated collector 35 and a
lower truncated collector 36, this being a total of six collectors 33 to 36.

More precisely, and as can be seen in Figure 2, the unit cells 10 of
each pair are connected together by a link section 40 which comprises a first continu-
ous section 41 of the collector part 31 or 32 defined by a median portion of a common
collector 33, 34, and they are separated from each other by a second opposing discon-
tinuous section 42 of the other collector part 32 or 31 defined by portions of the adja-
cent collectors 33 to 36 which comprise the edge sections 37 and which are sealed
onto this median portion 41 by means of the insulating adhesive film 38a.

It can be seen in the magnified view in Figure 3 that each collector 33
to 36 comprises a metal conductor 39a advantageously coated on its two faces with
thin upper 39b and lower 39¢ protection films and, in the detailed view in Figure 2, that
two other insulating adhesive films 38b and 38¢ (for example using the same material
as the film 38a bonding each continuous section 41 to the discontinuous section 42
facing it) provide an adhesive interface, on the one hand, between each discontinuous
section 42 of the upper collector part 31 and the upper packaging film 21 (film 38b)
and, on the other hand, between each continuous section 41 of the lower collector part
32 and the lower packaging film 22 (film 38c).

It will be noted that this adhesive and electrically insulating film nota-
bly provides an aid for the soldering between two adjacent unit cells 10, by imprisoning
in a leak-tight manner the link sections 40 between unit cells 10, owing to the fact that

this material is deposited at the interfaces between each upper 39b and lower 39¢ pro-
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tection layer for the collectors 33 to 36 and the corresponding packaging films 21 and
22.

It will also be noted that this insulating adhesive material allows the
bare edge sections 37 (not coated with the protection layers 39b and 39c¢) of the metal
conductor of each collector 33 to 36 to be protected by the flowing of this material
which then fills the region left free between these edge sections 37 (this inter-edge sec-
tion region 37 is shown without insulating material in Figure 2 for reasons of clarity,
prior to the flowing of the latter), which allows a preparation by spreading or in-line dip-
ping of the collector unit 30 as a roll followed by cutting up of the collectors 33 to 36.
Although this cutting up exposes the bare edge sections 37, the latter are protected by
deposition of the film 38a which thus provides the insulation between two adjacent col-
lectors 33 to 36 avoiding any short-circuit due to a contact between the latter.

This insulating adhesive material is therefore deposited in the form of
films 38a, 38b, 38¢ coating the collectors 33 to 36 and having a geometry in the form of
narrow rectangular tabs bonded flat onto the link sections 40 of these collectors 33 to
36 (while slightly overhanging on either side of these sections 40). It will be noted that
the form of a dumbbell seen in Figure 2 for each central adhesive film 38a deposited
between and in contact with the respective internal faces of each continuous 41 and
discontinuous 42 section is only obtained after the operations for cutting up and for
assembling the cell 1, by the deformation that each film 38a undergoes at the time
when the cell 1 is formed due to the thicknesses of electrodes 11 and 12 and by the
contact made between each upper 38b and lower 38c film.

In order to provide the leak-tight sealing between the unit cells 10
connected in series, sealing of the packaging 20 is carried out, e.g. by heat sealing, it
being noted that, as a variant, it may be cold-sealed or bonded within each interval 23
corresponding to the link sections between unit cells 10 and on the two longitudinal
edges 24 and 25 of the packaging 20.

By way of material usable for this packaging 20, one or more plastic
multilayer films 21 and 22 may be mentioned, aluminized or not, with high impermeabil-
ity running over the entire length necessary for enclosing the n unit cells 10 connected
side by side in series. Preferably, a trilayer PE/PA/PE (polyethylene/ polyamide/ poly-
ethylene) film is used with a thickness that can be in the range between 50 ym and 200
pm.

The geometry chosen for the packaging film or films 21 and 22 is

such that it must have a width that is sufficient to include a dead volume within each of
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the n-unit cells 10, in order to form a space necessary for the outgassing of the unit
cells 10 during the first cycles. Subsequently, the unit cells 10 are re-cut up in vacuum
to allow the surplus of gas to escape and re-soldered as close as possible to the elec-
trodes 11 and 12. This dead volume also allows a temporary reserve of electrolyte to
be formed at the start, for the duration of the cycling operations necessary for the filling
of the electrodes 11 and 12 by this electrolyte.

One example of cell 1 according to the invention fabricated and as-
sembled by the Applicant has used:

- carbon monolithic electrodes 11 and 12 with dimensions 50 x 25
mm? and with a thickness of 0.3 mm;

- a separator formed from a cellulose membrane SEPARION® of 30
pMm in thickness and with dimensions 60 x 35 mm;

- an electrolyte composed of Fischer sulfuric acid at 1 mol/L;

- collectors 33 to 36 made of a copper conductor 39a of 12.5 um in
thickness and with dimensions 76 x 54 mm;

- adhesive films 38a, 38b, 38c composed of PA/PE bilayers with a
thickness of 50 ym and with dimensions 15 x 104 mm;

- packaging films 21, 22 formed of PE/PA/PE trilayers with a thick-
ness of 120 ym and dimensions 260 x 104 mm; and

- polymer protection layers 39b and 39¢ of 20 ym in thickness when
dry.

It should be noted that this cell architecture 1 according to the inven-
tion notably allows:

- the number of unit cells 10 set side by side to be adapted
and hence the nominal voltage of operation of the cell 1 to be adapted to the expected
nominal voltage for the application targeted;

- an identical geometry to be conserved for all the compo-
nents whatever the size of the cell 1, except for the packaging film or packaging films
21 and 22 whose length is to adapted to the number of unit cells 10;

- a nominal voltage of the cell 1 to be used that is sufficiently
high to correspond to the usual voltages used in low voltage electronic and electrical
systems;

- the preforming of the shapes of the or of each packaging
film 21, 22 to be obviated, which allows not only a step for mechanical pre-fatigue of

the or of each film 21, 22 to be avoided but furthermore full advantage of the flexibility
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of the latter to be taken because the pre-forming would impose a shape and a dimen-
sion on the positioning of the electrode 11, 12, which it is the idea of the present inven-
tion to avoid; and

- advantage to be taken of this insulating adhesive material 38a, 38b,
38c for protecting the edge sections 37 of the collectors 33 to 36, which allows an iden-
tical preparation according to the size of the cell 1 and a continuous preparation of the
collector unit reel 30, with sectioning of the collectors 33 to 36 after the application of
the protection layers 39b and 39¢ but with the protection of the edge sections 37 by this
insulating adhesive material.

Figure 4 shows schematically and partially a supercapacitor module
50 according to the invention, which comprises:

- a rigid housing of parallelepipedal form 51 made of thermo-
hardening plastic formed of two parts, for example symmetrical to one another, which
are soldered or bonded onto one another (the contact geometry between these two
parts being horizontal at mid-height or else along a diagonal of the parallelepiped),

- a stack 52 of several cells 1 mounted on top of one another which is
disposed on a bottom wall 51a of the housing 51, each cell 1 for example comprising
five unit cells 10 arranged side by side in series and encapsulated in a flexible and
leak-tight packaging 20 in the same way as what has just been described with refer-
ence to Figure 1 (the housing 51 is shown cut in the direction of its length which ex-
plains why only three unit cells 10 are visible for each cell 1 in Figure 4), and

- means for maintaining under pressure 53 the stack 52 which push
against a top wall 51b of the housing 51 and on the last upper cell 1 of the stack 52,
these means 53 being for example composed of springs 53a respectively mounted on
top of the upper unit cells 10 of this stack 52 and installed against this top side 51b and
against plates 53b applied onto these unit cells 10 for a better distribution of forces on
the surfaces of the electrodes 11 and 12.

These plates 53b are advantageously formed with a structure of low
density and of high mechanical performance, such as a composite honeycomb struc-
ture or a thermo-hardening foam.

As a variant, these means for maintaining under pressure can com-
prise air cushions which are mounted under compression between this top wall 51b
and the stack 52 and which are inflated once in position in the housing 51 or else prior

to this positioning.
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In addition and as illustrated in Figure 4, the housing 51 advanta-
geously has on the external face of its bottom wall 51a ribs 54 and serrations 55 for
mechanical reinforcement of the module 1 which can form guides-accommodations
receiving strapping loops (not shown).

In order to form the connection between all the cells 1 of the stack 52,
a fixation by soldering, brazing or by mechanical contact (e.g. by rivets) of two terminal
collectors 56 of these cells 1 is effected respectively to two metal lugs 57 (e.g. made of
brass, copper, aluminum or steel) corresponding to the terminals of the module 1. Each
collector terminal 56 and the adjacent lug 57 are thus connected within a connection
region 58, it being noted that each lug 57 has one end internal to the housing 51 and
one end 57a external to this housing 51 which has the function of serving as a connec-
tion device for the module 50.

This fixing between collector terminal 56 and lug 57 can be effected
at mid-height of the stack 52 for the two lugs 57 or else, in the variant illustrated in Fig-
ure 4, by providing these lugs 57 respectively at the top and at the bottom of this stack
52. Seen from outside of the housing 51, the two lugs 57 according to this variant
therefore protrude from the housing 51 near to opposing sides of the parallelepiped
(i.e. the bottom wall 51a and top wall 51b).

One example of housing 50 according to the invention fabricated and
assembled by the Applicant has used:

- two identical parts forming the housing 51 made of polyamide load-
ed with glass fibers, with a wall thickness of 4 mm and assembled by bonding with ex-
ternal dimensions of 70 mm for the width, 185 mm for the length and 95 mm for the
height;

- ten springs 53a exerting the force needed to obtain 2 bars of contact
pressure on the cells 1, the force of these springs 53a being distributed over the stack
52 of unit cells 10 by means of five plates 53b connected together in a flexible fashion;
and

- two lugs 57 composed of copper plates of 0.5 mm in thickness, of
50 mm in width and overhanging by 20 mm, which are respectively soldered to the two
terminal collectors 56.

It will be noted that the module 50 of the invention notably allows it:

- to be readily adaptable, only the height of the housing 51 being to

be adapted as a function of the number of associated cells 1;
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- to take advantage of the flexible packaging 20 allowing the pressure
forces over all of the stacked cells 1 to be transmitted on the scale of the module 50
and hence to make the stacking 52 possible (which could not be envisioned without
this packaging 20 by placing the electrodes 11 and 12 directly on top of one another);

- to obtain a satisfactory stack 52 which maintains the applied pres-
sure thanks to these flexible packaging elements 20 and to the unitary pressure appli-
cation by the above-mentioned means for maintaining under pressure 53;

- to obtain a good connectivity with a single lug 57 for each terminal of
the module 50; and

- to obtain a good mechanical resistance of the whole of the module

50 since only the two lugs 57 protrude from the housing 51.
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PATENTKRAV

1. Superkondensatorcelle (1), som omfatter n monoceller (10) (n = 2), som er anbragt
side ved side i serie og er indelukket i en smidig og vandteet emballage (20), idet hver
monocelle omfatter to porgse gvre (11) og nedre (12) elektroder, en elektrisk isoleren-
de membran (13), som adskiller disse elektroder fra hinanden, og en ionisk elektrolyt, i
hvilken disse elektroder er nedsaenket, hvor cellen inde i emballagen omfatter en fler-
hed af streamkollektorer (33, 34, 35, 36), hvis to @vre (31) og nedre (32) kollektordele
deekker henholdsvis de @gvre og de nedre elektroder,

kendetegnet ved, at mindst ét par af de tilstedende monoceller er daekket af en gvre
eller nedre kollektor (33, 34), som er flles for dette par, idet to gvre (35) og/eller ned-
re (36) afkortede kollektorer udgares af to respektive ender af cellen, hvor de to tilsta-
dende kollektorer (33, 34, 35, 36) hver iszer afsluttes af modstaende afsnit (37), som er
elektrisk isoleret fra hinanden af et isolerende klaebende materiale (38a, 38b), som

dackker disse afsnit.

2. Celle (1) ifelge krav 1, kendetegnet ved, at monocellerne (10) af det mindst ene par
er indbyrdes forbundet af et forbindelsesstykke (40), som omfatter et farste kontinuer-
ligt stykke (41) af den gvre (31) eller nedre (32) kollektordel, og er adskilt fra hinanden
af et andet modsat ikke-kontinuerligt stykke (42) af henholdsvis den nedre eller gvre
kollektordel, idet dette farste stykke defineres af en midterportion (41) af den feelles
kollektor (33, 34), og det andet stykke defineres af portioner af de tilstadende kollekto-
rer (33, 34, 35, 36), som udviser disse afsnit (37), og som er forseglet pa denne mid-

terportion ved hjeelp af det isolerende klaeebende materiale (38a, 38b).

3. Celle (1) ifglge krav 2, kendetegnet ved, at emballagen (20) er forseglet pa respekti-
ve ydre flader af det farste kontinuerlige stykke (41) og af det andet ikke-kontinuerlige
stykke (42) mellem to af de naevnte monoceller (10) af det mindst ene par ved hjeaelp af

det isolerende klaebende materiale (38b, 38c).

4. Celle (1) ifglge krav 2 eller 3, kendetegnet ved, at n = 3 med mindst to af de naevnte
konsekutive par, som definerer mindst to af de henholdsvis gvre (33) og nedre (34)
feelles kollektorer, som veksler forskudt langs med cellen pa de to kollektordele (31 og
32) og mindst to af de naevnte henholdsvis nedre og @vre ikke-kontinuerlige stykker

(42), som ligeledes veksler pa disse dele.
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5. Celle (1) ifalge et hvilket som helst af de foregaende krav, kendetegnet ved, at de
gvre (31) og nedre (32) kollektordele for de n monoceller (10) definerer et samlet antal
af kollektorerne (33, 34, 35, 36), som er lig med n+1.

6. Celle (1) ifalge et hvilket som helst af de foregdende krav, kendetegnet ved, at de
gvre (11) og nedre (12) elektroder hver isaer er udformet som en monolit af carbon,

og/eller at elektrolytten er af den vandige type.

7. Celle (1) ifglge krav 6, kendetegnet ved, at kollektorerne (33, 34, 35, 36) hver iseer
omfatter en metallisk leder (39a), som er deekket af et polymert lag (39b, 39c) til be-
skyttelse mod elektrolytten pa sin ydre flade, som er i kontakt med emballagen (20), og
pa sin indre flade, som er vendt mod de modstadende henholdsvis nedre og @vre kollek-

torer.

8. Celle (1) ifelge et hvilket som helst af de foregaende krav, kendetegnet ved, at em-
ballagen (20) omfatter en enkelt deformerbar film, som er bgjet om mod sig selv, eller
to deformerbare film (21 og 22), af et metalliseret eller ikke-metalliseret flerlaget plast-
materiale, idet to henholdsvis @vre og nedre flader af denne enkelte film eller disse to
film fortrinsvis er forseglet ved termoforsegling mellem de parvis tilstadende monoceller
(10) og ved endekanter (24 og 25) af cellen, saledes at der defineres dgde volumener i
disse monoceller, idet denne emballage fortrinsvis har en tykkelse pa mellem 50 um og
200 um.

9. Superkapacitivt modul (50), som er egnet til at danne en superkondensator, hvilket

modul omfatter:

- en stiv kasse (51), som fortrinsvis er parallelepipedformet og udggres af to dele,
som er svejset eller limet til hinanden,

- mindst én stabel (52) af m (m = 2) celler (1), som er anbragt pa en bundveeg
(51a) af kassen, idet hver celle omfatter n monoceller (10) (n = 2), som er an-
bragt side ved side i serie og er indelukket i en smidig og vandtaet emballage
(20), og
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- midler (53) til at holde den mindst ene stabel under tryk, hvilke midler stgtter sig
pa en topveeg (51b) af kassen og pa en proksimal celle (1) af den mindst ene
stabel,

kendetegnet ved, at hver af de naevnte celler er som defineret i et hvilket som helst af

de foregaende krav.

10. Modul (50) ifalge krav 9, kendetegnet ved, at det omfatter en stabel (62) afm 25

celler (1), idet hver af cellerne omfatter n =2 5 monoceller (10).

11. Modul (50) ifelge krav 9 eller 10, kendetegnet ved, at midlerne (53) til at holde un-
der tryk omfatter mindst ét tilbagefaringsmiddel (53a) sdsom en fjeder eller en luftpude,
som er monteret mod topveeggen (51b) og mod den proksimale celle (1) af den mindst
ene stabel (52), og som eventuelt er kombineret med mindst én plade (53b), der er an-
bragt mellem den proksimale celle og tilbagefgringsmidlet for at optimere fordelingen af

kreefter pa de respektive overflader af elektroderne (11 og 12).

12. Modul (50) ifglge et hvilket som helst af kravene 9 til 11, kendetegnet ved, at den
ydre flade af kassen (51), fortrinsvis pa niveau med bundvaeggen (51a), udviser ribber
(54) og riller (55) til mekanisk forstaerkning af modulet, hvilke eventuelt danner styr og

fordybninger, som modtager bindingsringe.

13. Modul (50) ifglge et hvilket som helst af kravene 9 til 12, kendetegnet ved, at det
omfatter en stabel (562), hvoraf alle cellerne (1) er elektrisk forbundet med hinanden ved
hjeelp af to terminale kollektorblokke (56), som henholdsvis er forbundet til to metal-
basninger (57) svarende til de to tilslutninger til modulet, idet hver b@sning har en bgs-
ningsende inde i kassen (51), som er samlet med den tilstgdende kollektorblok ved
svejsning (58), lodning eller mekanisk kontakt, og en fri b@sningsende (57a), som er

uden for kassen og er beregnet til at modtage en tilslutningsforbindelse.

14. Modul (50) ifelge krav 13, kendetegnet ved, at kun b@sningerne (57) springer frem
uden for kassen (51), idet disse bgsninger er samlet med kollektorblokkene (56) i iden-
tiske eller ikke-identiske hgjder af bundvaeggen (51a), med de respektive frie ender
(57a) af disse ba@sninger, som fortrinsvis springer frem uden for kassen pa tilstadende

made til bundvaeggen og pa tilstadende made til topveeggen (51b).
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