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(57) Abréegée/Abstract:

The Invention relates to a current collector foll for batteries, accumulators or capacitors, comprising a carrier material and at least
one electrically conductive layer made from a metal. Moreover, the invention relates to a method for producing a corresponding
current collector foll as well as to the advantageous use thereof. The object of providing a current collector foil for batteries,
accumulators or capacitors, which Is optimised In relation to the contact surface and the adhesive properties and which results In
an improved service life, Is achieved as a result of the fact that the at least one electrically conductive layer Is produced at least
partially by electrodepositing a metal and has a texture.
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ABSTRACT

The invention relates to a current collector foil for
batteries, accumulators or capacitors, comprising a carrier
material and at least one electrically conductive layer made
from a metal. Moreover, the invention relates to a method for
producing a corresponding current collector foil as well as to

the advantageous use thereof. The object o0of providing a

current collector foil for batteries, accumulators or
capacitors, which 1s optimised 1n relation to the contact

surface and the adhesive properties and which results 1n an

improved service life, i1is achieved as a result of the fact

that the at 1least one electrically conductive layer 1s

produced at least partially by electrodepositing a metal and

has a texture.
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1

TEXTURED CURRENT COLLECTOR FOIL

The 1nvention relates to a current collector foil for
batteries, accumulators or capacitors, comprising a carrier
material and at least one electrically conductive layer made

—

from a metal. Moreover, the 1nvention relates to a method for

producling a corresponding current collector foil as well as to

the advantageous use thereof.

The provision of efficient, cost-effective and durable means
for storing electrical energy 1s one of the key technologies
that are of importance for the change-over of motor vehicles
to electric drives as well as for the development of
regenerative sources of enerqgy. Nowadays, batteries,
accumulators or capacitors are used as a means for storing
electrical energy. Especially accumulators, preferably lithium
1on accumulators, have high energy densities and therefore

allow an efficient storage of electrical energy. The current

collector foils of the cathode of a lithium ion accumulator
may be made from an aluminium foil, which provides very good
electrical conductivity at low material costs. The current
collector foil of the cathode is here additionally coated with
a metal oxide, for example with a 1lithium cobalt oxide,
lithium manganese oxide, lithium 1ron phosphate or with other
active electrode materials. The metal oxide forms the active
electrode material that can receive 1lithium 1ons during the
discharge process and can, during the charging process,
release these agaln to an anode, the active electrode material
of which 1s graphite, for example. It has been found that the

size of the contact surface and the adhesion between the
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active electrode material and the current collector foil are
factors that have an effect on the service life of the lithium
ion accumulator as well as on the capacity retention thereof.
The adhesion between the current collector foil and the active
electrode material as Well as the contact surface of the
current collector foil with the active electrode material are
critical factors for achieving constant charging and
discharging properties of the lithium 1on accumulator. If the
active electrode material becomes partially separated, the
capacity will decrease down to a complete failure of the
accumulator. Moreover, 1n order to produce maximum capacity 1t
1s desirable to maximise the contact surface between the
current collector foilil and the active electrode material. The
same principally also applies to other types of accumulators,
batteries and capacitors that have current collector foils and

are of a similar design.

Furthermore, a method for electrochemically depositing metals,
in particular aluminium, from 1onic ligquids 1s known from

published German document DE 101 08 893 Al.

Proceeding from this, the present invention 1s based on the
object of providing a current collector £foil for batteries,
accumulators or capacitors, which 1s optimised in relation to
the contact surface and the adhesion properties and results 1n

an approved service life.

According to a first teaching of the present invention, the
above-indicated object for a current collector foil 1is

achieved as a result of the fact that the at least one
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electrically conductive layer 1s produced at 1least partially

by way of electrodepositing aluminium and has a texture.

Electrodeposition 1is a deposition method which allows the
deposition of high-purity metals onto a surface and provides
at the same time texturing of the surface of the deposited
metal. This texturing of the surface leads to a significant
increase of the contact surface and moreover to enhanced
adhesion properties for example of the active electrode

material of a lithium 1on accumulator, but also of the

electrolyte of a capacitor. Due to the high-purity deposition
of metals, electrodeposition allows at the same time the
electric resistances to be reduced during the

electrodeposition of aluminium.

Preferably, according to a first embodliment of the current
collector foill according to the i1nvention, the orxrder of
magnitude of the texture 1s adapted to the particle size of
the active electrode material. According to the invention,
this adaptation 1is understood to mean that the texture has
properties, 1. e. surface roughness, surface waviness or
surface structure, which are of the same order of magnitude as
the particle size of the active electrode material. If, for
example, the active electrode material has a particle size of

0.1 um, then a same order of magnitude 1s understood to refer

to structures having a size of more than 0.01 um and less than
1 um. As a result, the active electrode material can adhere

particularly well to the current collector foil.
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According to a further embodiment, the current collector foil'
is 1intended for the cathode and the electrically conductive
layer 1S produced at least partially by way of
electrodepositing aluminium. Aluminium can be deposited onto a
carrier material in sufficient amounts, SO that an
electrically conductive layer' with a texture 1s obtained. The
created texture leads for example to a significant 1increase of
the contact surface with the active electrode material of an
accumulator. The deposited aluminium 1ncludes for example a
structure in the nanometer, submicrometer or micrometer range,
which determines the texture of the current collector surtface.

In cases where, due to the potential ratios, aluminium 1s also

suitable as an anode, such as for example 1n the case of
active anode materials 1like 1lithium titanium oxil1de for
accumulators having high power and at the same time low
energy, the textured foil can of course also be used as an

anode current collector.

According to a further embodiment of the present current
collector foil, the carrier material is an aluminium foil that
consists of aluminium or an aluminium alloy. The transition
resistances between the active electrode paste and the current
collector foil can be substantially reduced by the deposited
aluminium. Moreover, the aluminium foil that forms the carrier
material 1s also 1i1deally suited for the electrodeposition of
aluminium. In addition, due to its low electric resistance 1t
can also improve current discharge. Moreover, an aluminlium
foil can be produced at low costs and in the necessary widths
and thicknesses of 5 uym to 50 um, preferably 10 pym to 25 um,

and can subsequently be cladded by way of electrodeposition.
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Preferably, the crystallite size of the deposited aluminium 1S

1 nm to 5000 nm, preferably 25 nm to 500 nm. The crystallite

size and the amount of deposited crystallites determine the
roughness of the deposited electrically conductive layer. By
adapting the roughness of the surface to the respective
particle structure of the active electrode paste to Dbe
applied, a particularly good adhesion between the current
collector foil and the active electrode material 1s achieved.
Additionally, the contact surface between the active electrode
material and the current collector foil 1s 1ncreased as a

result of the deposited aluminium crystallites.

In a further embodiment, the aluminium foil 1is as-rolled 1n
order to facilitate the processing of the current collector
foil into a capacitor, a battery or an accumulator. As-rolled

means that the aluminium foil has not Dbeen subjected to a

final annealing or thermal degreasing process after the cold

rolling operation. Therefore, the as-rolled aluminium foil has
maximum values 1in respect of mechanical tensile strength and

is in this respect more suitable for being processed.

Typically, the current collector foil 1s made from an
aluminium alloy of the type ENAW 1050, ENAW 1200 or ENAW 1058.
The aluminium alloys mentioned are all 1low alloys and
therefore have a very good electrical conductivity. Moreover,
all three aluminium alloys can Dbe easily cold-rolled into

aluminium foils having thicknesses of 5 uym to 50 pm or 15 to

25 um.
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Preferably, an aluminium foil with an alkali- or acid-pickled

surface may also Dbe used for electrodeposition. These
aluminium foils do not need to be annealed for degreasing and
therefore have maxilmum achievable mechanical tensile

strengths. These are for example above 135 MPa.

According to a second teaching of the present invention, the
above-mentioned object is achieved in respect of a method for
producing a current collector foil by  producing the
electrically conductive layer at 1least partially by way of

electrodepositing aluminium onto the carrier material.

Generally, a metal foil may be used as the carrier material.
The electrodeposition of aluminium results in the production
of structured textures on the carrier material, which are
optimised so as to obtain a contact surface that 1s as large
as possible and has an adhesion strength that 1s as great as
possible and, due to the high purity of the deposited metal,
which are also optimised 1in respect of the electric
resistance. In this respect, the electrically conductive layer

may have optimal properties for example in conjunction with

the active electrode material of a lithium i10n accumulator.

If the carrier material is made from an aluminium foil of
aluminium or an aluminium alloy, which 1s textured by means of
an aluminium electrodeposition process, a current collector
foi1l that enhances the service life o0of a battery or an
accumulator may be provided.

According to a further embodiment, the order of magnitude of

the texture of the aluminium deposited onto the carrier
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material corresponds to the particle size of the active
electrode material, so that the adhesion and the contact

surface between the active electrode material and the current

collector foil may be optimised.

Preferably, the electrodeposition is carried out from an i1o0onic
liquid, so that also common metals such as for example
aluminium may be deposited. Ionic liquids, low-melting salts
or salt mixtures for example consisting of fluorophosphates or
sulfonates of imidazolium salts, with the addition of metal

halides, are used as an electrolyte.

In order to control and to regulate the texture to Dbe
adjusted, the electrodeposition may be carried out 1in a
potentiostatic or a galvanostatic manner. During
potentiostatic deposition, the electrode potential 1s kept
constant during the electrodeposition process. On the other
hand, during galvanostatic electrodeposition 1t 1s the

amperage that 1s kept constant.

According to a further embodiment of the method according to
the invention, the electrodeposition 1s carried out by way ot
galvanostatic or potentiostatic monopolar or bipolar pulsed
deposition, where the metal deposition 1s controlled at least
in terms of the pulse height, the pulse width, the pause
length or the frequency or a combination of the variables
mentioned. Due to the number of parameters mentioned, the
method can be adjusted such that an optimal texture 1is

achieved on the carrier material. Thus, the texture generated
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by electrodeposition may be optimised 1in respect of the active

electrode material used.

As a result of the deposition, the surface of the current
collector folil 1s increased, which results 1n a larger contact
surface on the active electrode material. Preferably, the
deposition parameters such as pulse height, pulse width, pause
length or frequency, 1n conjunction wilith the electrolyte
materials used, are used to adjust the crystallite size of the
deposited aluminium to 1 nm to 5000 nm; preferably to 25 nm to
500 nm. The crystallite sizes and the texture resulting
therefrom may be adapted to the particle sizes of the active
electrode mass, which is desirable in relation to the adhesion

properties between the active electrode material and the

current collector foil.

A particularly economical method for providing a current
collector foil according to the invention may be achieved by

implementing, in a further embodiment, the electrodeposition

using a coll-to-coil method. Corresponding coill-to-co1l
methods are particularly efficient because the
electrodeposition process 1s carried out 1n strip-wilise manner
and the coil thus produced can be transferred to further
strip-wise processing steps, for example to a metal oxide
coating process, 1in a simple manner. In this way, large

quantities of current collector foil may be produced within a

short period of time.

Finally, the above-mentioned object may be achieved by using a

current collector foil according to the invention for
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batteries, accumulators, lithium ion accumulators or
capacitors. If the current collector foil according to the
invention 1s used for the above-mentioned means for storing
electrical enerqgy, 1t 1S expected that due to the
submicrometer texture of the current collector foil according
to the invention, this has a significantly positive effect on
the service 1life of Dbatteries, accumulators, lithium 1on
accumulators or capacitors. Moreover, the electrodeposition
allows the contact surface between the current collector foil
and the active electrode material or the electrolyte to be
increased, as a result of which the capacity of the battery,

the accumulator or the capacitor 1s 1ncreased.

The invention will be explained 1n more detail below by means

exemplary embodiments in conjunction with the drawing, wherein

Fig. 1 shows a schematic 1llustration of a 1lithium 1ion

accumulator,

Fig. 2 shows a first exemplary embodiment of the current
collector foil according to the invention 1n a

schematic 1llustration, and

Fig. 3 shows a schematic illustration of a device for carrying

out a coil-to-coil method for producing a current

collector foil.

Fig. 1 shows the typical design of a lithium 1on accumulator
1, which includes a current collector foil 2 on the cathode

and a current collector folil 3 on the anode. The cathodic
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current collector foil 2 is additionally coated with a metal
oxide, for example with a lithium cobalt oxide 4. A separator
5. which is merely permeable to lithium ions Li", separates the
metal oxide coating of the cathode from the active electrode
material of the anode, which is formed for example by graphite
6. The anode 3 1s provided for example by a current collector
foil made from copper. The available surface, on which charge
can be stored, 1s an important criterion for the capacity of a
lithium ion accumulator, but also for a capacitor and/or a
corresponding battery. The current collector foils of the
anode and the cathode, as shown 1in fig. 1, can therefore
include an electrically conductive layer, which 1s produced at
least partially by way of electrodepositing a metal and has a

texture. The texture produced by electrodepositing aluminlum

onto the current collector foil results in an increase of the
surface of the current collector foil and therefore of the
contact surface between the active electrode material 4, 6 and
the associated current collector foils 2, 3. It has been shown
that the adhesion properties of the active electrode material
4, 6 may also be enhanced as a result of the texture of the
current collector foils 2, 3. Due to the manufacturing process
by electrodeposition, the texture of the current collector
foils 2, 3 has dimensions for example in the micrometer or 1n

the submicrometer range.

In respect of its order of magnitude, the structure of the
deposited aluminium layer 1s preferably adapted to the

particle size of the metal oxide, 1n order to ensure a

particularly good adhesion of the metal oxide. In this case,

the size for example of the surface waviness, roughness or
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structure 1is 1n the order of magnitude, 1. e. the difference

amounts to no more than a factor of 10, of the particle size

of the metal oxide.

Fig. 2 shows a schematic sectional view of an exemplary
embodiment of a current collector foil according to the
invention, which consists of a carrier material 7 and an
electrically conductive layer 8 provided on the carrier
material. Preferably, the carrier material consists of an
aluminium foil, for example an as-rolled aluminium foil made
from an aluminium alloy of the type ENAW 1085. Corresponding
aluminium alloy foils may Dbe provided in a thickness of
preferably 5 to 50 upym, in particular 10 to 25 um 1n an as-
rolled state, so that these have a relatively high tensile
strength. As a result, the processing of the aluminium foils
into the current collector foil 1s facilitated. The current

collector foil shown 1in fig. 2 also has an electrically

conductive layer 8 applied by way of electrodeposition, which
has a texture 1n the submicrometer range. The aluminium layer

applied during electrodeposition has a crystallite size of 1

nm to 5000 nm, preferably of 25 to 500 nm, as a function of
the parameters used during electrodeposition. The crystallite
size has an effect on the texture created and the adaptation
of the surface texture to the particle size of the active
electrode material 1s presently regarded as more favourable

for the service life of a lithium i1on accumulator.

In principle 1t 1s also conceivable to produce the carrier

layer from a material that 1s different from the one used for

the electrically conductive layer applied by
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electrodeposition. Preferably, however, an 1dentical material
system 1s chosen, 1. e. for example an aluminium alloy 1n the

case of an aluminium deposition, 1n order to prevent corrosion

problems.

Fig. 3 shows, 1n a very schematic view, a device for producing

a current collector foil using a coil-to-coil method.

Initially, fig. 3 shows a decoiler 9, on which a coil 10,

which consists for example of an aluminium foil made from an
aluminium alloy of the type ENAW 1085, 1s disposed. The foil
1s unwound and 1s fed to a device for carrying out
electrodeposition 11. In the device 11, the carrier material,
1n the present case the aluminium foil, 1s coated with
aluminium by way of potentiostatic or galvanostatic
electrodeposition from an i1onic ligquilid. What can be used as an

ionic liquid 1s for example l-ethyl-3-methyl-1H-imidazolium

chloride (EMIC) mixed with non-agqueous aluminium chloride. By
applying a voltage across the aluminium film acting as the
cathode and a counter-electrode, for example from glassy
carbon, the aluminium foil can be coated with aluminium from
the 1onic liquid. Subsequently, the coated aluminium foil 1is

wound back up onto a coll using a recoiler 12.

The current collector foll according to the invention allows a

L |

1fe and the capacity

considerable 1increase of the service

retention of accumulators, batteries and capacitors. At the
same time, a carrler material may be coated over a large area
by way of electrodeposition, so that the current collector

foll can also be produced 1n an economical manner.
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CLAIMS:

1. Current collector foil <coated with active electrode
material for batterles or accumulators, comprising a carrler
material and at least one electrically conductive layer made
from a metal, wherein the at least one electrically conductive

P
p—

layer 1s produced at least partially Dby electrodeposition of

aluminium and has a texture, wherein the carrier material 1s an

aluminium foil that is made from aluminium or an aluminium alloy

and the current collector foil is intended for the cathode,

wherein the order of magnitude of the texture of the at least
one electrically conductive layer 1is adapted to the particle
size of the active electrode material in such a way, that the

aasad

texture has a surface roughness, which is of the same order or

magnitude as the particle size of the active electrode material,

wherein the crystallite size of the deposited aluminium produced

by electrodeposition amounts to 1 nm to 500 nm.

2. Coated current collector foil according to claim 1, whereln

the crystallite size of the deposited aluminium amounts to 25

nm to 500 nm.

3. coated current collector foil according to any one of

claims 1 or 2, wherein the current collector foil1l 1s an as-

rolled aluminium foil.

t)

4 . Coated current collector foil according to any one OI

claimes 1 to 3, wherein the current collector foi1il 1s made from

"N AW 1050, EN AW 1200 or EN AW

[ —— |

an aluminium alloy of the type

1085.

CA 2872380 2018-07-06



5. Method for producing the coated current collector foil

according to any one of claims 1 to 4, wherein the carrier

material is an aluminium foil that is made from aluminium Or an

aluminium alloy and the current collector foil 1s 1ntended for

the cathode, wherein the method comprises the step of producing

the electrically conductive layer by way of at least partially
celectrodepositing aluminium onto the carrier material and
coating the electrically conductive layer with active electrode

pr—v 3

material, wherein the order of magnitude of the texture of the

aluminium deposited onto the carrier material corresponds to
the particle size of the active electrode material, such that
the texture of the at least one electrically conductive layer
has a surface roughness, which i1s of the same order of magnitude
as the particle size of the active electrode material, whereln

the crystallite size of the deposited aluminium amounts to 1 nm

tro 500 nm and wherein the crystallite size and the amount of

deposited crystallites determine the roughness oI the deposited

electrically conductive layer produced by electrodeposition.

6 . Method according to claim 5, wherein the electrodeposition

1s carried out from an ionic liguid.

7. Method according to any one of claims 5 or 6, wherein the
electrodeposition 1is carried out in a potentiostatic or a

galvanostatic manner.

8 . Method according to any one of claims 5 to 7, wherein the

electrodeposition 1is carried out by way of a monopolar oOr

bipolar pulsed deposition, wherein the deposition 1s controlled

CA 2872380 2018-07-06
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at least by the pulse height, the pulse width, the pause length

or the frequency or a combination of the variables mentioned.

9. Method according to any one of claims 5 to 8, whereln the

crystallite size of the deposited aluminium 1is adjusted to 50

to 500 nm.

10. Method according to any one of claims 5 to 9, wherein the

electrodeposition is carried out using a coil-to-coil method.

11. Use of the coated current collector foil according to any
one of claims 1 to 4 for batteries, accumulators, lithium 1on

accumulators and capacilitors.

CA 2872380 2018-07-06



CA 02872380 2014-10-31

1/1

3 ' ‘
& ¢ ;

L
‘6 .
1 £
" -~ o

O T

m‘mlwm '”' e - w«: wz:-o-'vo.:'fu'ﬁ s PR n-eéh M WW ‘mw ~€




,.'

’(d
... #?" "rj )«‘ ;1*' ‘r ¥ }j- -.-':\ - = ;c /.-“ P f ;c zf j(, ,(-. /)’ﬁ/

JM‘W*_M-M“MI muﬁu.w.t‘ s omiaghis ons # PR '-o.&rr-mn: "M‘- - .f\, R FETIEE JTCE e

s,
=T



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - abstract drawing

