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Method for producing an electrodeposited copper foil for lithium secondary battery.

@ The invention relates to an electrodeposited copper foil
and its manufacturing method. The copper foil has an as
produced tensile strength above 52 kgf/mm2, presents
tensile strength above 50 kgf/mm?2 after 120 days at 35°C,
and presents a recrystallization property under thermal
stress. The copper foil is manufactured using an electrolyte
comprising: copper at a concentration of at least 60 g/L;
sulfuric acid at a concentration of at least 60 g/L; a halogen
ion at a concentration of less than 2 mg/L; and a thiourea-
family electrolytic additive at a concentration of less than
0.2 mg/L.
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Method for producing an electrodeposited copper foil for

lithium secondary battery

FIELD OF THE INVENTION

The present invention generally relates to the field of
electrodeposited copper foils and more specifically to a
method of producing an electrodeposited copper foil for
application in a lithium secondary battery as well as to the

obtained electrodeposited copper foil.

BACKGROUND OF THE INVENTION

Lithium secondary batteries, as compared to other secondary
batteries, have lots of advantages, such as relatively high
energy density and high operating voltage, as well as
excellent preservation and lifespan characteristics.
Accordingly, such 1lithium secondary batteries are widely
used in various portable electronic devices such as personal
computers, camcorders, portable telephones, portable CD

players, PDA, and electric vehicles.

Electrodeposited copper foils are typically used as negative
electrode collector (anode) of the 1lithium secondary
battery. As is known, conventional electrodeposited copper
foils are typically smooth on both sides in order to limit
the roughness difference between the “matte side” and “shiny

side”, which affects the capacity retention rate.

Electrodeposited copper foils for use in lithium secondary
batteries are manufactured in a conventional electrolytic
cell with rotating cathode drum in front of a non-soluble
anode. A typical electrolytic Dbath comprises a copper
sulfuric acid electrolyte generally including the following
additives: 3-mercapto-l-propanesulfonic acid sodium salt

(MPS) or bis (3-sulfopropyl) disulfide disodium salt (SPS),
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a nitrogen containing organic leveler, and an organic polymer

selected from high molecular weight polysaccharides.

With such manufacturing process, the obtained

electrodeposited copper foils typically have a roughness of
less than 2.5 um (Rz ISO) on both sides, a tensile strength

of about 320 MPa and an elongation of about 8-10%.

As is known in the art, electrodeposited copper foils may be
subject to a phenomenon of room temperature
recrystallization, by which the electrodeposited copper foil
gradually becomes softer when it is kept at room temperature,
until its tensile strength stabilizes after
recrystallization (at an average value of about 320 MPa as
indicated above). Possible reasons for the recrystallization
phenomenon at room temperature are the gradual relaxation of
the crystal defects due to the electrolytic deposition and
deformation of the crystal lattice due to the adsorption of

the additives at the grain boundary.

The mechanical behavior of the electrodeposited copper foil
over time is important to users. They wish to be able to buy
electrodeposited copper foils that have a stable tensile
strength during transport and storage, such that they exhibit
the desired (nominal) tensile strength at the time they bring
it to their production 1line for manufacturing battery
electrodes. Here the phenomenon of room temperature
recrystallization may thus have a negative effect on

mechanical properties.

In some applications, battery manufacturers require
electrodeposited copper foils designed to exhibit a
recrystallization property under thermal stress. Such
electrodeposited copper foils exhibit an initial (i.e. as

produced) high tensile strength, e.g. above 45 kgf/mm2 and
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are capable of undergoing recrystallization under a thermal
stress due to a manufacturing step e.g. lamination, whereby
the tensile strength drops down to below 30 or 25 kgf/mm2

whereas the elongation becomes very high (above 10%).

A commercial electrodeposited copper foil with
recrystallization property, noted prior art foil 1, PAF-1,
has a thickness between 6 and 10 um and presents an initial,
high tensile strength of about 46 kgf/mm?. Due to the design
recrystallization property, after a thermal stress of 1h at
175°C, the tensile strength drops down to 23.5 kgf/mm? and

the elongation increases from 3-4% to above 8%.

The PAF-1 foil hence is characterized by a design softening
behavior due to recrystallization under a severe thermal
stress that is desirable in manufacturing processes. The
softening of the foil will typically occur during a
lamination process or the like. One shortcoming of this foil
is however that it should be used rather rapidly after
production, since it 1s subject to room temperature

recrystallization.

By contrast, in other processes, users may wish to employ
electrodeposited copper foils that do not exhibit such
softening behavior. An example of such commercial foil, noted
prior art foil 2, PAF2, with similar thickness ranges and
roughness profiles, has a high tensile strength that does
not undergo recrystallization at room temperature or upon
thermal stress, nor display any stress-relieve properties.
For example, PAF-2 foil may be an 8 um electrodeposited
copper foil having an initial tensile strength of about
46.4 kgf/mm? that does not substantially change over time.
After a thermal stress of 1 h at 175°C the tensile strength
is still of 45.9 kgf/mm2.

LU501043



10

15

20

25

30

P-CIRCUI-017/LU 4

As will be appreciated, from the logistics point of view, it
is desirable for battery manufacturers to be able to store
the electrodeposited copper foils for a certain time period
without change of properties. As indicated above, foils with
a design recrystallization property under thermal stress,
such as e.g. the PAF-1, may see their tensile strength

altered after several weeks at room temperature.

OBJECT OF THE INVENTION

It is an object of the present invention to provide a method
for producing an electrodeposited copper foil having, by
design, a recrystallization property under thermal stress

but that is less prone to room temperature recrystallization.

SUMMARY OF THE INVENTION

In order to achieve the above-mentioned object, the present
invention proposes a method for producing an
electrodeposited copper foil, the electrodeposited copper
foil being continuously formed in an electroforming cell
comprising a rotating drum-shaped cathode, a stationary
anode and an electrolyte. According to the invention, the

electrolyte comprises or consists of:

- copper, preferably in the form of copper ions, at a
concentration of at least 60 g/L;

- sulfuric acid at a concentration of at least 60 g/L;

- a halogen ion at a concentration of less than 2 mg/L; and

- a thiourea-family electrolytic additive at a concentration

of less than 0.2 mg/L.

The invention is based on the findings by the present
inventors of a specific bath composition with low amounts of
additives, which allows manufacturing an electrodeposited

copper foil suitable for 1lithium secondary battery
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applications, presenting a recrystallization property under
thermal stress, while being more stable than prior art
electrodeposited copper foils at room temperature, and hence
having an increased shelf life. The present invention relies
on the use of an electrolytic bath based on a copper sulfuric
acid electrolyte with only few additives 1n the herein

prescribed small amounts.

The present method/electrolytic bath makes it possible to
obtain electrodeposited copper foils (also referred to as
electrolytic copper foils) exhibiting a stable initial high
tensile strength that can be stored for several weeks and
even months, as well as a recrystallization property under

a thermal stress.

In particular, first tests have confirmed that the present
method/electrolyte allows producing an electrodeposited

copper foil with the following mechanical properties:

- tensile strength as produced: above 52 kgf/mm?2, in
particular in the range 52-65 kgf/mm?;

- tensile strength after 120 days storage at 35°C room
temperature: >50 kgf/mm?;

- tensile strength after thermal stress of 1 h at 190°C: 20
to 30 kgf/mm?.

Hence, the electrodeposited copper foil obtained with the
inventive method is, as produced, a high tensile strength
copper foil at more than 52 kgf/mm?. The term ‘as produced’
typically indicates the foil as obtained from the production
line, 1in particular without any annealing or thermal
treatment. The ‘as produced’ value may typically be measured

within hours or several days after production.

The foil 1s able to recrystallize after a severe thermal

stress, as shown by the typical thermal stress 1h-190°C,
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whereby the tensile strength becomes low (<30kgf/mm2) and
the elongation very high (>10%).

It will be noted that while recrystallizing at high
temperature, the copper foil is fairly stable at room
temperature (up to 35°C) after 120 days, since the tensile
strength is still above 50 kgf/mm? or above 52 kgf/mm? for

foils having an as produced TS in the upper range.

As used herein, the term ‘recrystallisation property’
designates a capability of a high tensile strength
electrodeposited copper foil of undergoing a
recrystallization under a predetermined thermal stress (time
- temperature), whereby the microstructure changes from
columnar to coarse dgrained, leading to a drop of tensile
strength to the lower range and conferring high elasticity

to the foil.

In this context, a high tensile strength electrodeposited
copper foil ©preferably has a tensile strength above
50 kgf/mm? and the tensile strength after the thermal stress

may be below 30 kgf/mm?, with an elongation above 10%.

The test for the recrystallization capability under thermal
stress may consist in a thermal stress by heating at 190°C
for 1 h, which typically leads to complete recrystallization
of the foil. This is a conventional test used in the Li
battery industry. An alternative ‘short’ wversion thermal
stress may 1involve heating at 250°C for 2 min. Still
alternative ‘short’ thermal stress tests may be carried out
at 190°C for 1 h. The shorter tests are useful for copper
foil manufacturers to briefly distinguish between foils
presenting a recrystallization property under thermal stress
from foils that do not exhibit such property and keep a high
TS after thermal shock In general, the thermal stress to

obtain a complete recrystallization of the copper foil may
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be carried out at temperatures in the range of 160 to 210°C
for about 30 to 60 min, or in the range of 230 to 260°C for

several minutes.

‘Tensile strength’ herein conventionally designates the
ultimate tensile strength, i.e. the maximum stress that a
material can withstand while being stretched/pulled before
breaking. It is usually determined by performing a tensile

test and recording the stress-strain curve.

As used herein ‘elongation’ designates the elongation at

break, as can be determined from a tensile test.

The electrolytic additive 1s a molecule of the thiourea-
family present in the bath at a concentration of less than
0.2 mg/L. In embodiments, the concentration of the thiourea-
family electrolytic additive is 0.1 mg/L or less, in
particular not more than 0.09, 0.085, 0.080, 0.075, 0.070,

or 0.060, more particularly 0.05 mg/L or less.

The thiourea-family electrolytic additive preferably may
have a minimum concentration of 0.001, 0.003, 0.005, 0.007,

0.008, 0.009 or 0.01 mg/L.

In embodiments, the thiourea-family electrolytic additive is
selected from N-Methyl-2-thiazolidinethione, 1-(2-
Hydroxyethyl)-2-Imidazolidinethione, Tetramethylthiourea,
N,N’'-Diethylthiourea, N,N’'-Dimethylthiourea, N-
Allylthiourea, Thiosemicarbazide, 2-Imino-4-thiobiuret, 2-

Imidazolidinethione, Acetylthiourea and mixtures thereof.
In embodiments, the halogen ion is a chloride and/or bromide
ion.

The halogen ion may be present 1in the electrolyte at a
concentration of less than 1 mg/L, preferably not more than

0.95, 0.9, 0.85 or 0.8 mg/L, more preferably not more than
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0.6 or 0.5. Preferably, the minimum concentration of halogen

ion in the bath is 0.01, 0.02, 0.03, 0.04 or 0.05 mg/L.

In embodiments, the electrolyte’s organic content,
conventionally reflected by the TOC, is less than 4 mg/L,
preferably less than 3, in particular less than 2.5 mg/L.

All mentioned concentrations correspond to the
concentrations of the respective various components of the
electrolyte being provided to the electroforming cell. The
electrolyte 1is continuously supplied with the wvarious
components during operation of the electroforming cell to
ensure that the concentrations of the various components are
always 1n the prescribed respective ranges. The bath may

include conventional unavoidable impurities and traces.

The obtained electrodeposited copper foils may be subjected
to further subsequent treatment steps, as desirable for the
application. For example, a chromate coating may be applied

on both sides of the electrodeposited copper foil.

Furthermore, first tests have shown that the
electrodeposited copper foils produced according to the
invention have a low profile roughness on both sides
appropriate for use in electrodes for 1lithium secondary
batteries. In particular both the matte side (electrolyte

side) and the shiny side (drum side) have a Rz ISO of less

than 2.5 um.

The electrodeposited copper foil is formed by applying a
current density between the cathode and the anode, which may
be comprised between 40 and 80 A/dm?, preferably between 40
and 60 A/dm?, more preferably between 45 and 55 A/dm?.

The electrolyte preferably i1s maintained at a tTemperature

between 35 and 50°C.
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Advantageously, the method is a continuous process and the
electrolyte has an endless life time, given continuous supply

of copper to be dissolved and additives.

In practice, the concentration of the thiourea-family
electrolytic additive 1in the electrolytic bath may be
measured by High pressure liquid chromatography (HPLC). The
concentration of the halogen may be measured by ionic

chromatography (IC).

According to another aspect, the invention concerns an
electrolyte for the production of an electrodeposited copper

foil as recited in claim 21.

What was said regarding advantages and embodiments of the
inventive method applies mutatis mutandis to the inventive

electrolyte.

In vyet another aspect, the invention also concerns an

electrodeposited copper foil as claimed in claims 11 to 18.

As indicated above, the present electrodeposited copper foil
exhibits suitable mechanical properties for industrial use,
in particular in the manufacture of electrodes of lithium
secondary battery. More specifically, the inventive
electrodeposited copper foils have a high tensile strength
that is stable over several weeks/months and also presents

a recrystallization property under thermal stress.

According to another aspect, the invention relates to an
electrode for secondary batteries including the above-
described copper foil as a current collector, as claimed in

claim 19.

In a lithium secondary battery, for example, a foil including
aluminum (Al) is generally used as a cathode (e.g., positive
electrode) current collector combined with a cathode active

material, and the present electrodeposited copper foil (i.e.
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as obtained by the present process) is used as anode (e.g.,
negative electrode) current collector combined with anode

active material.

The anode active material layer may include an anode active
material, and may further include a conventional Dbinder

and/or a conductive material known in the art.

The anode active material 1s not particularly limited as
long as it 1is a compound capable of intercalation and
deintercalation of ions. Non-limiting examples of applicable
anode active materials may include, but may not be limited
to, carbon-based and silicon-based anode active materials,
and in addition, lithium metal or alloys thereof, and other
metal oxides such as TiO;, Sn0O, and LisTisO12 capable of
occluding and releasing 1lithium and having an electric
potential of less than 2 V with respect to lithium may be

used.

Since a method of manufacturing an electrode for secondary
batteries using the above-described copper foil is known to
those skilled in the art to which the present invention

pertains, a detailed description thereof will be omitted.

According to still another aspect, the invention relates to

a secondary battery as claimed in claim 20.

The secondary battery may be a lithium secondary battery,
and specifically, may i1include a lithium metal secondary
battery, a lithium ion secondary battery, a lithium polymer
secondary battery, a lithium ion polymer secondary battery,
or the like. The secondary battery may include liquid or

solid electrolytes, e.g. polymer, oxides or sulfides-family.

In an example, the lithium secondary battery may include a

cathode (e.g., positive electrode) including a cathode

LU501043
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active material; an anode (negative electrode) including an
anode active material; and an electrolyte interposed between
the cathode and the anode. In addition, a separator may

further be included.

The lithium secondary battery may be manufactured according
to conventional methods known in the art, for example, by
interposing a separator between the cathode and the anode
and then introducing the electrolyte to which the electrolyte
additive is added.

The electrolyte may include conventional lithium salts known

in the art; and an electrolyte solvent.

As the separator, a porous separator, for example, a
polypropylene-based, polyethylene-based, or polyolefin-
based porous separator may be used, or an organic/inorganic
composite separator including an inorganic material may be

used.

In the present text, any given numeric value covers a range

O

of wvalues form - 10 % to + 10% of said numeric wvalue,
preferably a range of wvalues form -5 % to +5 % of said
numeric value, more preferably a range of wvalues form -1 %

to +1

oo

of said numeric wvalue.

Further details and advantages of the present invention will
be apparent from the following detailed description of
several not limiting embodiments with reference to the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of
example, with reference to the accompanying drawings, in

which:

Figure 1: is a schematic view of an electroforming cell;

LU501043
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Figure 2: is a plot of tensile strength vs. temperature,
also showing SEM (Scanning Electron Microscope) views copper
foils before and after thermal treatment as well as

corresponding sketches of the microstructure;

Figure 3: 1s a graph illustrating the evolution of tensile
strength (TS) for 10 min thermal stresses at various

temperatures;

Figure 4: is a graph showing the evolution of TS over time

when copper foils are stored at 35°C.

DETATILED DESCRIPTION OF PREFERRED EMBODIMENTS

The operative principle of an electroforming cell will first
be described with reference to Figure 1, which is a schematic

view of an electroforming cell.

As explained above, the present invention provides a method
for producing an electrodeposited copper foil, the
electrodeposited copper foil being continuously formed in an
electroforming cell, as well as an electrolyte for the
production of an electrodeposited copper foil, the produced
copper foil having a very low surface roughness and being

free of defects.

An electrodeposited copper foil 1is produced by using an
electroforming cell 10 (referred as plating machine in the
industry) as shown in Fig.l to produce a copper foil 18. In
the electroforming cell 10, an electrolyte 12 1is passed
through an apparatus comprising a drum-shaped cathode 14
(the surface of which is made of stainless steel or titanium)
which 1is rotating and a stationary anode 16 (a lead or a
titanium electrode covered by a precious metal oxide) which

is provided opposite the cathode 14. An electric current is

LU501043
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passed through both electrodes 14, 16 to deposit copper on
the surface of the cathode 14 with a desired thickness, thus
forming an electrodeposited copper foil 18. The
electrodeposited copper foil 18 is then peeled off from the
surface of the cathode 14 and coiled onto a storage reel 20.
The foil thus prepared is generally referred to as untreated

copper foil.

In a subsequent step, for use in the Li battery industry,
the electrodeposited copper foil 18 may be subjected to a
chromate coating step (not shown) — typically on both sides,
and/or any other appropriate treatment step, on one or both

sides of the foil.

FElectrodeposited copper foils manufactured in accordance
with the present invention have an as produced, high tensile
strength and are characterized by recrystallization property
under thermal stress, by design. That is, the foil 1is
designed, by way of its production method, to exhibit a
transition of tensile strength upon application of a severe
thermal stress. Namely, the foil, as produced, initially has
a rather high tensile strength, typically above or 50-
52 kgf/mm?, in particular between 50 and 65 kgf/mm?. After
the thermal stress, the tensile strength drops down to a
range between 20 to 45 kgf/mm?, depending on the initial
tensile strength and conditions of the thermal stress. The

elongation then also increases to above 10% up to 20-25%.

This recrystallization property, due to a change of
microstructure in the electrodeposited copper foil during
heating, 1s illustrated in Fig.2 (Tensile strength vs.
temperature of heat treatment (duration = 30 min)). As
illustrated by the plot, the TS drops significantly when the
treatment temperature increases. The electrodeposited copper

foil, out of the electroforming cell, exhibits a columnar
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grain structure, illustrated on the left of Fig.2. The heat
applied during the thermal stress causes a kind of annealing
of the copper foil, during which the crystals rearrange and
form rather coarse grains, shown on the right of Fig.2. This

coarse grain structure results in a lower tensile strength.

An 1initial, high tensile strength is desirable for
manipulation purposes and allows operating at lower foil

thicknesses and higher active material load.

On the other hand, a softer behavior is preferred in
consideration of the use of the copper fil integrated in the
electrode of the LIB batteries. During manufacture of the
battery, the copper foil will be subjected to thermal
stresses. During this process, 1t 1s desirable that the
copper foil recrystallizes 1in order to obtain a high
elongation copper foil, capable of better accommodating
anode swelling upon charge and discharge of the battery
(especially for high Si content - or other high swelling

materials — anodes).

Therefore, the electrodeposited copper foil manufactured
according to the inventive ©process have a design

recrystallization property.

However, as will be evidenced by the following examples, the
electrodeposited copper foil manufactured according to the
inventive process can be stored at room temperature up to
35°C, and up to 120 days without any substantial alteration

of their tensile strength.

The properties of the inventive foil (manufactured in
accordance with the present process) will be also understood
from Figures 3 and 4, which compare the inventive copper
foil (circle) to the prior art foil PAF-1 mentioned in the

background art section (triangle).

LU501043
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The plot of Fig.3 shows the same behavior as in Fig.2, for
a thermal stress of 10 min at temperatures ranging from 20
to 250°C. As can be seen, the inventive foil has an initially
high tensile strength, which decreases significantly with
thermal stresses above 160°C. The recrystallization property
of the inventive foil 1is comparable to a conventional

recrystallizing foil such as PAF-1.

However, as evidenced by Fig.4, the inventive copper foil
has a fairly stable tensile strength at room temperature
compared to the conventional recrystallizing foil such as
PAF-1. In particular the TS is still above 50 kgf/mm? after
120 days at 35°C.

Examples

Electrodeposited copper foils were produced using either a
method according to the invention (examples 1 to 3) or a
comparative method (comparative examples 1 to 4) not forming

part of the invention.

FElectrolyte compositions for the various examples are
presented in Table 1 below, where MPS stands for 3-mercapto-
l-propane sulfonate and HEC stands for hydroxyethyl

cellulose.

The concentrations shown in Table 1 correspond to the
concentrations of the wvarious compounds of the electrolyte
being provided to the electroforming cell. Before starting
the electroforming cell (or plating machine), each
electrolyte is prepared by solubilizing, in a suitable amount
of water, the compounds shown in Table 1. Each electrolyte
also includes copper, which is dissolved in the electrolyte
with sulfuric acid by oxidizing metallic copper. The copper

concentration is 80 g/L. During operation of the

LU501043
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electroforming cell,
with the various components to ensure that the concentrations

of the wvarious

respective ranges.

each component is continuously supplied

components

le

are always

in the prescribed

It may be noted that TOC reflects the total organic content
of the electrolyte solution.
measure of organic content known in the art.

TOC content reflects the fact that the electrolyte is low on

additives.

Thiourea
, , Electrolyte
MPS HEC Gelatin Cl- family . TOC
g emp.
(mg/L) | (mg/L) (mg/L) (mg/L) Additive . (mg/L)
(°C)
(mglL)
Ex. 1 - - - 2 0.08 43 2.1
Ex. 2 - - - 1 0.08 47 2.4
Ex. 3 - - - 0.5 0.05 47 2.0
Comp. Ex. 1 2 10 20 40 - 58 173
Comp. Ex. 2 - - - 1 - 43 1.3
Comp. Ex. 3 - - - 1 5 47 4.4
Comp. Ex. 4 - - - 1 0.5 47 2.9
Table 1

This is not an additive but a

The rather low

LU501043
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After 1h After 120 days
As produced
@190°cC @35°C
Ts E1 Ts E1 Ts E1
(kgf/mm?) | (%) | (kgf/mm?) | (3) | (kgf/mm?) | (%)
Example 1 58.1 5.6 28.2 15.4 55.2 4.6
Example 2 54.2 5.9 27.8 14.2 52.3 4.8
Example 3 55.1 5.3 27.5 14.9 52.1 5.2
Comp. Ex. 1 32.2 10.2 32.0 11.1 32.1 10.9
Comp. Ex. 2 59.5 4.7 25.9 13.8 25.0 7.7
Comp. Ex. 3 56.7 3.9 53.5 3.6 55.2 3.3
Comp. Ex. 4 56.7 6.0 50.0 7.9 55.2 4.9
Table 2

The obtained (i.e. as produced) electrodeposited copper
foils were then analyzed to determine their mechanical
properties such as tensile strength and elongation. The
obtained measurement values are noted in Table 2 under ‘as

produced’ .
It may be noted that the obtained electrodeposited copper
foils of example 1 to 3 all have a thickness of 8 um and

present a roughness Rz ISO of less than 2.5 um on both sides.

Part of these foils were subjected to a thermal stress of
1 h at 190°C and resulting values of tensile strength and

elongation are indicated in columns 4-5 of Table 2.

Another part of these foils was stored at 35°C for 120 days
and subsequently measured values of tensile strength and

elongation are indicated in columns 6-7 of Table 2.
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The measurements 1in table 2 were performed at room
temperature, i.e. after cooling for the samples subjected to

thermal stress.

As can be seen, the electrodeposited copper foil of example
1-3 have a high initial tensile strength above 50 kgf/mm?,
present a recrystallization behavior after a severe thermal
stress (here 1h at 190°C) but can be stored for about 3

months without significant decrease of tensile strength.

By contrast, the foil of comparative example 1 -manufactured
from an electrolyte with MPS, HEC and gelatin as additives-
has a low and stable tensile strength, without
recrystallization property under the prescribed thermal

stress.

The use of a copper sulfate electrolyte with chloride as
sole additive, as shown by comparative example 2, leads to
a foil having an initially high tensile strength, with
recrystallization property after thermal stress. However,
this foil 1s substantially affected by room temperature
recrystallization, since the tensile strength is less than

half of the as produced foil after 120 days.

Comparative examples 3 and 4 show that the addition of the
thiourea-family additive (in the range of 0.5 to 5 mg/L) to
the electrolyte of example 2 stabilizes the (high) tensile
strength at room temperature, but the foils do not present

the desired recrystallization property under thermal stress.

As a result, only electrolyte compositions corresponding to
the present invention, i.e. comprising a halogen ion and a
thiourea-family electrolytic additive within the prescribed
concentrations, allow the manufacture of electrodeposited

copper foils having a high tensile strength that is stable
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over several weeks/months and present a recrystallization

property under thermal stress.

Determining the Tensile Strength and elongation

Tensile strength measurements were made in accordance with

standard: IPC-TM-650 Number 2.4.18.

Tensile strength, more precisely ultimate tensile strength,
was measured using a universal testing machine Instron 5564
SP 2962 (UTM) with a gage length of 2.0 inches (50.8 mm).
The crosshead speed was set to 2.0 inches/min. The samples
were cut into strips having a width of 0.5 inch and a length

of 6 inches.

Determining the surface roughness of the matte side

The roughness of copper foils was measured with a contact
profilometer consisting of a diamond needle (stylus) sliding
on the surface. From this measurement a 2D profile of the
surface 1is created, and Rz 1is calculated as the average
distance between the highest peak and lowest wvalley over 8
sampling lengths. Here the surface roughness Rz refers to

ISO (4287:1997).
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Claims

1. A method for producing an electrodeposited copper foil,

the electrodeposited copper foil being continuously formed
in an electroforming cell comprising a rotating drum-
shaped cathode, a stationary anode and an electrolyte,
wherein the electrolyte comprises:

copper, preferably in the form of copper ions, at a
concentration of at least 60 g/L;

sulfuric acid at a concentration of at least 60 g/L;

a halogen ion at a concentration of less than 2 mg/L; and
a thiourea-family electrolytic additive at a concentration

of less than 0.2 mg/L.

. The method according to claim 1, wherein the halogen ion

is present in the electrolyte at a concentration of less
than 1 mg/L, preferably not more than 0.95, 0.9, 0.85 or
0.8 mg/L, more preferably not more than 0.6 mg/L.

. The method according to claim 1 or 2, wherein the halogen

ion 1s a chloride and/or bromide ion.

. The method according to any one of the preceding claims,

wherein the thiourea-family electrolytic additive is
present in the electrolyte at a concentration of 0.1 mg/L
or less, preferably not more than 0.09, 0.085, 0.080,
0.075 or 0.070, more preferably 0.050 mg/L or less.

. The method according to any one of the preceding claims,

wherein the thiourea-family electrolytic additive is
selected from N-Methyl-2-thiazolidinethione, 1-(2-
Hydroxyethyl)-2-Imidazolidinethione,

Tetramethylthiourea, N,N’'-Diethylthiourea, N,N'-
Dimethylthiourea, N-Allylthiourea, Thiosemicarbazide, 2-
Imino-4-thiobiuret, 2-Imidazolidinethione, Acetylthiourea

and mixtures thereof.
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10.

11.

12.

13.

. The method according to any one of the preceding claims,

wherein the TOC in the electrolyte is less than 2.5 mg/L.

. The method according to any one of the preceding claims,

wherein the copper is added to the electrolyte as copper

sulfate.

. The method according to any one of the preceding claims,

wherein copper, respectively sulfuric acid, is present in
the electrolyte at a concentration comprised between 60

and 100 g/L.

. The method according to any one of the preceding claims,

wherein the electrodeposited copper foil is formed by
applying a current density between the cathode and the
anode, the current density being comprised between 40 and
80 A/dm?, ©preferably Dbetween 40 and 60 A/dm?, more
preferably between 45 and 55 A/dm?.

The method according to any one of the preceding claims,
wherein the electrolyte temperature is maintained between
35 and 50 C.

An electrodeposited copper foil, in particular produced
by a method according to any one of claims 1 to 10 or
produced by using an electrolyte as claimed in any one of
claims 21 to 26, wherein the electrodeposited copper foil
has an as produced tensile strength above 52 kgf/mm?2,
presents tensile strength above 50 kgf/mm? after 120 days
at 35°C, and presents a recrystallization property under

thermal stress.

The electrodeposited copper foil according to claim 11,
wherein the electrodeposited copper foil has an as

produced tensile strength in the range of 52 to 65 kgf/mm?2.

The electrodeposited copper foil according to claim 11

or 12, wherein the electrodeposited copper foil has a
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14.

15.

le.

17.

18.

19.

20.

21.

tensile strength of about 35 to 45 kgf/mm? after a thermal
stress of 10 min at 160°C.

The electrodeposited copper foil according to claim 11,
12 or 13, wherein the electrodeposited copper foil has a
tensile strength of about 20 to 30 kgf/mm? after a thermal
stress of 1 h at 190°C.

The electrodeposited copper foil according to any one
of claims 11 to 14, wherein the electrodeposited copper

foil has an elongation in the range of 10 to 25 % after a

thermal stress of 1 h at 190°C.

The electrodeposited copper foil according to any one
of claims 11 to 15, wherein the electrodeposited copper

foil has a surface roughness Rz ISO of 2.5 um or less.

The electrodeposited copper foil according to any one
of claims 11 to 16, wherein the electrodeposited copper

foil has a thickness of between 4 and 12 um.

The electrodeposited copper foil according to any one
of claims 11 to 17, wherein the electrodeposited copper

foils has a copper purity of more than 99.8%.
An electrode for a secondary battery, comprising:

the electrodeposited copper foil as claimed in any one of

claims 11 to 18, and
an active material layer disposed on the copper foil.

A secondary battery comprising the electrode of claim
19.
An electrolyte for the production of an

electrodeposited copper foil comprising:

copper, preferably in the form of copper ions, at a

concentration of at least 60 g/L;

sulfuric acid at a concentration of at least 60 g/L;
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22.

23.

24.

25.

26.

a halogen ion at a concentration of less than 2 mg/L; and

a thiourea-family electrolytic additive at a concentration

of less than 0.2 mg/L.

The electrolyte according to claim 21, wherein the
halogen ion 1s ©present 1in the electrolyte at a
concentration of less than 1 mg/L, preferably not more
than 0.95, 0.9, 0.85 or 0.8 mg/L, more preferably not more
than 0.6 mg/L.

The electrolyte according to claim 21 or 22, wherein
the halogen ion is a chloride and/or bromide ion.

The electrolyte according to any one of claims 20 to
22, wherein the thiourea-family electrolytic additive 1is
present in the electrolyte at a concentration of 0.1 mg/L
or less, preferably not more than0.09, 0.085, 0.080, 0.075
or 0.070, more preferably 0.05 or less.

The electrolyte according to any one of claims 21 to

24, wherein the thiourea-family electrolytic additive is
selected from N-Methyl-2-thiazolidinethione, 1-(2-
Hydroxyethyl)-2-Imidazolidinethione,
Tetramethylthiourea, N,N’'-Diethylthiourea, N,N'-
Dimethylthiourea, N-Allylthiourea, Thiosemicarbazide, 2-
Imino-4-thiobiuret, 2-Imidazolidinethione, Acetylthiourea
and mixtures thereof.

The electrolyte according to any one of claims 21 to

24, wherein the TOC is less than 2.5 mg/L.
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REVENDICATIONS

1. Procédé pour produire une feuille de cuivre électrodéposée, la
feuille de cuivre électrodéposée étant formée en continu dans une cellule
d’électroformage qui comprend une cathode rotative en forme de tambour, une
anode stationnaire et un électrolyte, dans lequel I'électrolyte comprend :

du cuivre, de préférence sous la forme d’ions de cuivre, selon une
concentration d’au moins 60 g/L ;

de l'acide sulfurique selon une concentration d’au moins 60 g/L ;

un ion d’halogéne selon une concentration inférieure a 2 mg/L ; et

un additif électrolytique de la famille des thiourées selon une concentration

inférieure a 0,2 mgl/L.

2. Procédé selon la revendication 1, dans lequel I'ion d’halogéne est
présent dans I'électrolyte selon une concentration inférieure a 1 mg/L, de
préférence non supérieure a 0,95, 0,90, 0,85 ou 0,80 mg/L, de fagon davantage

préférable non supérieure a 0,60 mg/L.

3. Procédé selon la revendication 1 ou 2, dans lequel I'ion d’halogéne

est un ion de chlore et/ou de brome.

4. Procédé selon 'une quelconque des revendications précédentes,
dans lequel 'additif électrolytique de la famille des thiourées est présent dans
I'électrolyte selon une concentration de 0,1 mg/L ou moins, de préférence non
supérieure a 0,090, 0,085, 0,080, 0,075 ou 0,070 mg/L, de fagcon davantage

préférable de 0,050 mg/L ou moins.

5. Procédé selon 'une quelconque des revendications précédentes,
dans lequel l'additif électrolytique de la famille des thiourées est sélectionné
parmi N-méthyl-2-thiazolidinethione, 1-(2-hydroxyéthyl)-2-imidazolidinethione,
tétraméthylthiourée, N,N’-diéthylthiourée, N,N’-diméthylthiourée, N-allylthiourée,
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thiosemicarbazide, 2-imino-4-thiobiuret, 2-imidazolidinethione, acétylthiourée et

des mélanges de ceux-ci.

6. Procédé selon 'une quelconque des revendications précédentes,

dans lequel le TOC dans I'électrolyte est inférieur a 2,5 mg/L.

7. Procédé selon 'une quelconque des revendications précédentes,

dans lequel le cuivre est ajouté a I'électrolyte en tant que sulfate de cuivre.

8. Procédé selon 'une quelconque des revendications précédentes,
dans lequel le cuivre, respectivement l'acide sulfurique, est présent dans

I'électrolyte selon une concentration qui est comprise entre 60 et 100 g/L.

9. Procédé selon 'une quelconque des revendications précédentes,
dans lequel la feuille de cuivre électrodéposée est formée en appliquant une
densité de courant entre la cathode et 'anode, la densité de courant étant
comprise entre 40 et 80 A/dm?, de préférence entre 40 et 60 A/dm?, de facon

davantage préférable entre 45 et 55 A/dm?.

10.  Procédé selon 'une quelconque des revendications précédentes,

dans lequel la température de I'électrolyte est maintenue entre 35 et 50 °C.

11.  Feuille de cuivre électrodéposée, en particulier produite au moyen
d’'un procédé selon 'une quelconque des revendications 1 a 10 ou produite en
utilisant un électrolyte tel que revendiqué selon l'une quelconque des
revendications 21 a 26, dans laquelle la feuille de cuivre électrodéposée présente
une résistance a la traction telle que produite au-dela de 52 kgf/mm?, elle
présente une résistance a la traction au-dela de 50 kgf/mm? aprés 120 jours a

35 °C et elle présente une propriété de recristallisation sous choc thermique.
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12.  Feuille de cuivre électrodéposée selon la revendication 11, dans
lagquelle la feuille de cuivre électrodéposée présente une résistance a la traction

telle que produite dans la plage de 52 a 65 kgf/mm?2.

13.  Feuille de cuivre électrodéposée selon la revendication 11 ou 12,
dans laquelle la feuille de cuivre électrodéposée présente une résistance a la
traction d’environ 35 a 45 kgf/mm? aprés un choc thermigue de 10 minutes a
160 °C.

14.  Feuille de cuivre électrodéposée selon la revendication 11, 12 ou
13, dans laquelle la feuille de cuivre €lectrodéposée présente une résistance a la

traction d’environ 20 a 30 kgf/mm? aprés un choc thermique de 1 heure a 190 °C.

15.  Feuille de cuivre électrodéposée selon l'une quelconque des
revendications 11 a 14, dans laquelle la feuille de cuivre électrodéposée présente
un allongement dans la plage de 10 a 25 % aprés un choc thermique de 1 heure
a 190 °C.

16.  Feuille de cuivre électrodéposée selon l'une quelconque des
revendications 11 a 15, dans laquelle la feuille de cuivre électrodéposée présente

une rugosité de surface Rz ISO de 2,5 ym ou moins.

17.  Feuille de cuivre électrodéposée selon l'une quelconque des
revendications 11 a 16, dans laquelle la feuille de cuivre électrodéposée présente

une épaisseur entre 4 et 12 um.
18. Feuille de cuivre électrodéposée selon l'une quelconque des
revendications 11 a 17, dans laquelle la feuille de cuivre €lectrodéposée présente

une pureté de cuivre supérieure a 99,8 %.

19.  Electrode pour une batterie secondaire, comprenant :
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la feuille de cuivre électrodéposée telle que revendiquée selon l'une
qguelconque des revendications 11 a 18 ; et

une couche de matériau actif qui est disposée sur la feuille de cuivre.

20. Batterie secondaire comprenant I'électrode selon la revendication
19.

21. Electrolyte pour la production dune feuille de cuivre
électrodéposée comprenant :

du cuivre, de préférence sous la forme d’ions de cuivre, selon une
concentration d’au moins 60 g/L ;

de l'acide sulfurique selon une concentration d’au moins 60 g/L ;

un ion d’halogéne selon une concentration inférieure a 2 mg/L ; et

un additif électrolytique de la famille des thiourées selon une concentration

inférieure a 0,2 mgl/L.

22.  Electrolyte selon la revendication 21, dans lequel 'ion d’halogéne
est présent dans I'électrolyte selon une concentration inférieure a 1 mg/L, de
préférence non supérieure a 0,95, 0,90, 0,85 ou 0,80 mg/L, de fagon davantage

préférable non supérieure a 0,60 mg/L.

23.  Electrolyte selon la revendication 21 ou 22, dans lequel lion

d’halogéne est un ion de chlore et/ou de brome.

24.  Electrolyte selon I'une quelconque des revendications 20 a 22,
dans lequel 'additif électrolytique de la famille des thiourées est présent dans
I'électrolyte selon une concentration de 0,1 mg/L ou moins, de préférence non
supérieure a 0,090, 0,085, 0,080, 0,075 ou 0,070 mg/L, de facon davantage

préférable de 0,050 mg/L ou moins.

25.  Electrolyte selon I'une quelconque des revendications 21 a 24,

dans lequel l'additif électrolytique de la famille des thiourées est sélectionné
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parmi N-méthyl-2-thiazolidinethione, 1-(2-hydroxyéthyl)-2-imidazolidinethione,
tétraméthylthiourée, N,N’-diéthylthiourée, N,N’-diméthylthiourée, N-allylthiourée,
thiosemicarbazide, 2-imino-4-thiobiuret, 2-imidazolidinethione, acétylthiourée et

des mélanges de ceux-ci.

26. Electrolyte selon I'une quelconque des revendications 21 a 24,

dans lequel le TOC est inférieur a 2,5 mg/L.
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[Fig.

® inventive copper foil
A prior art foil with

recrystallization

® inventive copper foil

A prior art foil with recrystallization property
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