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ABSTRACT OF THE DISCLOSURE

An electrode plate for a secondary battery with
nonagueous electrolyte comprises a colléctor and a coated
layer formed on the collector by coating a coating solution at
least containing an electrode active material and a binder on
the collector and then drying the same, wherein a ratio (b/a)
of an amount (b) of a binder existing at a boundary portion of
the coated layer on a side opposite to a collector side to an
amount (a) of a binder existing at a boundary portion of the
coated layer contacting the collector is 0.05 or more and less
than 2. The manufacturing method of. the electrode plate
comprises the step of forming a coated 1layer having a
predetermined thickness by repeating at least two times of

coating and drying processes for coating the coating solution,

wherein a thickness of a coated layer formed in a second time
Or more than second time coating and drying processes is
increaseéd by an amount in a range of 0.4 to 1.6 time of a
thickness of a coate,d layer already formed in preceding coating
and drying processes, or wherein an increased amount in weight
per unit area of the coated layer formed in a second time or
more thén'second'time coating and drying processes is in a
range of 0.6 to 1.6 time of a welght per unit area of a coated
layer already formed in preceding coating and drying

processes. - | | o ) e
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ELECTRODE PLATE FOR SECONDARY BATTERY WITH NONAQUEOUS

ELECTROLYTE AND METHOD OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to an electrode plate for
a secondary battery with nonagqueous electrolyte such as
represented by a lithium ion secondary battery and also relates
to a method of manufacturing the same.

In recent years, it has been rapldly developed to make
compact in size and light in weight electronic equipments,
communication equipments and the like, and it has been highly
required for secondary batteries used as driving electric
power source. for these equipment to also reduce in size and in
weight. According to such requirement, there has been proposed
a secondary battery with nonaqueous electrolyte such as
represented by a lithium ion secondary battéry having high
energy denslty and high voltage.

Furthermore, concerning electrodé plates which

severely affect on the performance of the secondary battery,

it has been also proposed to make large an area of a thin layer

so as to elongate charge-discharge cycle life and to make high
the energy density.
In a prior art publication such as Japanese Patent

L.aid-open Publication No. SHO 63-10456 oxr Japanese Patent

Laid-open Publication No. HEIL 3-285262, there is disclosed a

positive electrode plate which is obtained in a manner such
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that a paste-form active material coating solution i1s prepared
by dispersing or dissolving a cdnductive agent, binder powder
and a positive electrode actlve material such as metallic
oxide, sulfide, halide or the like, in a sultable wetting
agent, and the coating solution. ls coated on a collecting
element (or dollector) as a substrate formed of a metal foil to
thereby form a coated layer (battery active material layer).
In such process, fluorine series resin such as polyvinylidene
fluoride, silicone-acrylic copolymer or styrene-butadiene
copolymer is used as a binder.

With the coating-type electrode plate of the character
described above, it is required for the binder used at a time
of preparing the coating soclution containing the active
material to be electro-chemically stable to the nonagueous
electrolyte, not to be dissolved in the electrolyte and to be
dissolved in a certalin solvent. It is also required that the
coating solution can be coated in a thin layer form on the
substrate formed of a metal foil. Furthermore, it is further
required for the active material layer (coated layer) formed
through coating and drying processes to have a flexibility so
as not to be peeled off, removed or cracked during assembling
of batteries and also required to have an excellent adhesion to
the collecting element formed of a metal foil.

The coated laver constituting the electrode plate
generally has a layer thickness of about 50 to 200 Um per one

surface thereof. The capacity of a battery per unit area can be
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increased by increasing this layer thickness of the coated
layer.

However, when the thickness of the aoated layexr is
increased, a convection flow is caused in the coated layer
during the drying process, which results in uneven
digtribution of the binder amount in the coated layer after the
drying process in such a fashion that the binder amount is
decreased at a boundary portion of the coated layer contacting
the collecting element (called1 contacting surface or
contacting s’urface side hereinafter) and, on the contrary, the
binder amount is increased at a boundary portion of the coated
layer opposite to the contacting surface side. The latter
boundary portion is exposed in air or exposed to an electrolyte
when disposed in a battery (called exposed (or opposite)
surface or .exposed surface side hereinafter). In particular,
in the case of the coated layer thickness more than 100 AUm,
such uneven distribution of the binder amount becomes more
remarkable, which results in the damage of the adhesion
performance of the coated layer with respect to the collecting
element. At the same time, the coated layver becomes easily
peelable from the collecting element because of the lowering
of the adhesion property, and accordingly, the flexibility of
the electrode plate will be reduced. Thus, it becomes
difficult to carry out a bending working of the electrode

plate. Such uneven distribution of the binder at the boundary

portion of the exposed surface side of_the coated layer appears
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remarkably as the drying speed increases, and accordingly, in
order to prevent the adr}ésion performance betweén the coated
layer and the collecting element from lowering and the
flexibility of the coated layer from damaging, it is necessary
to make slow the drying speed, which however results in the
lowering of the productivity.

In another viewpoint, in a case where the weight ratio
of the binder/active material is made larger than 0.25, it 1is
possible to prevent the lowering of the adhesion performance
at the time of the rapid dryving of the thickened coated layer.
Howéver, the increasing of the binder amount leads to extreme
lowering of the battery performance, thus this countermeasure
being not practical.

Ags described above, in the prior art, it was difficult
to produce an electrode plate with a coated layer being
relatively thick, containing a small amount of a binder and,
moreover, having an excellent adhesion performance to a

collecting element.

SUMMARY OF THE INVENTION

S A wre— e S e - - -~ PR,

An object of the present invention is to substantially
eliminate defects or drawbacks encountered in the prioxr art
described above and to provide an electrode plate for secondary
battery with nonaqueous electrolyte and a method of
manufacturing the same with high productivity capable of

providing a coated layer which has an active material formed by
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coating an electrode coating solution on a substrate of a
collecting element or coilector and then dryirig the same and
which has a sufficient battery capacity per unit area and
sufficient flexibility with high workability.

The inventors of the subject application considered
that, in the detailed studies and examinations to solve the
above problems encountered in the prior art, the main reason of
lowering of the adhesion performance of the coated layer to the
collector at the time of making large the thickness of the
coated layer resides in that, in the prior art coating type
electrode piate, the existence amount of the binder at the
boundary portion of the coated layer céntacting the collector
is less than that at the boundary portion of the coated layer
opposite (exposed side) to the contacting surface side.
According to such consideration, the inventors thought out
that, at the time of coating the coating solution, the
gufficlient adhesion performance between the coated layer and
the collector surface can be obtained in the case where the
distribution of the binder existence amount at the contacting
side boundary portion is more than or substantially equal to
the distribution thereof at the side of the coated layer
opposite to the contacting side, and hence, the problems
encountered in the prior art can be solved. The present
invention was concelved 1in accordance with the above
recognition of the inventors.

Thus, the above and other objects can be achieved

5



219005

according to the present invention by providing, in one aspect,

3

an electrode plate for a secondary battery with a nonagqueous
electrolyte comprising a collector and a coated layer formed
on the collector by coating a coating solution containing at
least an active material for a battery and a binder on the
collector and then drying the same, wherein a ratio (b/a) of an
amount (b) of a binder existing at a boundary portion of the
coated layer on an opposite side to the collector side to an
amount (a) of a binder existing at a boundary portion of the
coated layer contacting the collector is 0.05 or more and less
than 2.

In another aspect of the present invention, there is
provided a method of manufacturing an electrode plate for a
gsecondary battery with nonaqueocus electrolyte comprising a
collector and a coated layer formed on the collector by coating
a coating solution containing at least an active material for
a battery and a binder on the collector and then drying the
gsame, wherein a ratio (b/a) of an amount (b) of a binder
existing at a boundary portion of the coated layer on an
opposite side to the collector side to an amount (a) of a
binder existing at a boundary portion of the coated layer
contacting the collector is 0.05 or more and less than Z, the
method comprising the step of forming a coated layer having a
predetermined thickness by repeating at least two times of
coating and drying processes for coating the coating solution

for the electrode plate containing on the collector and then

-
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drying the same, wherein a thickness of a coated layer formed
in' a second time or more than second time coating and drying
processes 1s increased by an amount in a range of 0.4 to 1.6
time o©of a thickness of a coated layer already formed in
preceding ccoating and drying processes,.. . Oor. wherein an
increased amount in welght per unit area of the coated layer
formed in a second time or more than second time coating and
drying processes is in a range of 0.6 to 1.6 time of a weight
per unit area of a coated layer already formed in preceding
coating and drying prdcesses. B S

According to the present invention of the characters
described above, at the time of forming the coated layer by
coating the coating solution on the collector and then drying
the same, the coated layer can be formed without reducing the
exlistence amount of the binder at the boundary portion of the
coated layer contacting the collector, and accordingly, the
coated layer having a éufficient thickness can be formed
without damaging _the adhesion performance between the coated
layer and the collector. Furthermore, according to the present
invention, the drying speed can be made fast in comparison with

the prior art method, so that the productivity of the electrode

plates can be effectively improved.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawing, a single drawing of FIG.

1 represents a schematic sectional view of an electrode plate

—_7 : - e -
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according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described hereunder with
reference to FIG.l and preferred embodiments.

Referring to FIG. 1, an electrode plate 1 for a
secondary battery with nonagquecus electrolyte according to the
present invention is composed at least of a collecting element
or collector 2 as a substrate and a coated layer 3 formed on the
surface of the collecting element 2. The coated layer 3 1is
formed by coating a coating solution containing at least an
active material and a binder on the collecting .element 2 and
drying the same. In the present invention, it is characterized
that, with réSpect to the existence amount of the binder in the
coated laver of the electrode plate for the secondary battery
with the nonaqueous electrolyte, the existené;a amount of the
binder at the contacting surface side 4 to the collecting
element 2 is larger than or substantially equal to that at the
exposed surfacé side bH.

In order to obtain the electrode plate for the
secondary battery with nonagqueous electrolyte of the present
invention having the structure menticned above, it is
degirable to prepare a coating solution for an electrode by
kneading at least the active material and the binder and coat
the thus prepared coating solution on the collecting element

two or more times in a repeated manner to obtain a coated layer
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totally having a predetermined thickness. In the formation of
the coating layer, the coating process is performed in a manner
guch that the thickness of an upper layer ;Eormed by being
coated and dried in the second time is in a range of 0.4 to 1.6
time of the thickness of a lower layer formed by being coated
and dried in the first time or in a range of 0.6 to 1.6 time in
weight ratio, and in the case of coating processes three or
more than three times, the thickness of an upper layer newly
formed by each coating process is in a range of 0.4 to 1.6 time
of the thickness of the layer already formed, or in a range of
0.6 to 1.6 time in weight ratio. __

The electrode plate of the present invention is
characterized in that the existence amount of the' binder in the
coated layer 1is distributed .in a fashion reverse to the
distribution in the prior art mentioned hereinbe’}:‘bre, and that
the existence émount of the binder at the cont‘éc"c surface of
the coated layer to the collecting element is iarger than or
substantially equal to that at the opposite expésed surface of
the coated layer, or even in a case where fhe exi.stenée amount
of the binder at the contact surface of the coated layer to the
collecting element is smaller than that at the opposite exposed
gsurface of the coated laver, the difference of the existence
binder amount between both the surface sides of the coated
layer is made extremely small.

In the case where the coated layer having a

predetermined thickness is formed as 1n the prior art by one

—9-
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(single) coating and drying process, since the coating
solution is coated with relatively Ilarge +thickness, a
convection flow is caused in the coated layer during the drying

process and the coated layer after.the drying process includes
a large amount of the binder at the exposed surface side, and
on the contrary, a less amount of the binder at the contact
surface side. This may result in the lowering of the adhesion
performance, and the coated layer becomes easily peelable from
the collector surface side at the time of working the electrode
plate, which may also damage or reduce the flexibility of the
electrode plate as a whole.

On the contrary, according to the present invention,
since there is adapted the structure in which the binder exists
largely in amount on the contact surface side to the collecting
element, the adhesion performance between the substrate of the
collecting element formed from a metal foil.and the coated
layer can be improved. Furthermore, the flexibility of the
produced electrode plate can be more improved in the case where
the coating and drying process is performed two or more than
two times as in the present invention than in the case where
the coating and drying process is performed only one time as in
the prior art.

According to the present invention, with respect to the
existence amount of the binder in the coated layer containing
the active material and formed on the collecting element,

although 1t 1s preferred that the existence amount of the
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binder at the contact surface of the coated laver to the
collecting element is larger than or substantially equal to
that at the opposite exposed surface of the coated layer, even
in a case where the existence amount of the binder at the
contact surface of the coated laver is smaller than that at the
opposite exposed surface of the coated layer, substantially
the same improvedi adhegion performance between the coated
layer and the collecting element can be achieved if the
difference of the existence binder amount between both the
surfaces of the coated layver is made extremely small.

In the above description, the expregssion
"substantially equal" means that a ratio (b/a) of the amount
(b) of the binder existing at the exposed surface of the coated
layer with respect to the amount (a) of the binder existing at
the contact surface of the coated layer is less than 2, and in
the case where this ratio of is 1.6 or less', especially
desirable adhesion performance can be realized.

On the contrary, in the case of this ratio (b/a) being
extremely small, although an improved adhesior.l performance is
realized, several severe problems including a case that powder
will fall ffom the exposed surface will be caused because of
extremely small amount of the binder at the exposed surface
side of the coated layer. Accordingly, the ratio (b/a) of the
amount (b) of the binder existing at the exposed surface of the
coated layer with respect to the amount (a) of the binder

existing at the contact surface of the coated layer is to be

~11-
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limited to a value 0.05, or more, preferably 0.5 or more in the
present invention.

The existence amount of the binder at both the surfaces
of the coated layer will be measured by, for example, "an X-ray
photoelectron spectroscopy"” (X~ray PS), which is a
photoelectron spectroscopy using an X-ray for generating
electrons, preferably, a single-color soft X-ray and which is
excellent as a measuring means for obtaining information of a
surface of a so0lid material. This X-ray photoelectron
spectroscopy may be called "Electron Spectroscopy for Chemical
Analysis" (ESCA).

In a case where a fluorine series resin is used asg a
binder, the existence amount of the fluorine atoms contained
in the binder directly indicates the existence amcunt of the
binder. Accordingly, in such case, it 1s possible to confirm
the amount ratio of the binder by measuring the existence
amounts of the fluorine atoms contained in the binder at both
the surfaces of the coated layer and comparing the thus
measured existence amounts of the fluorine atoms with each
other. According to the X-ray PS, the existence amount of the
fluorine atoms contained in the binder will be detected as a
ratio of the existence amount of the fluorine atoms with
respect to the existence amount of other atoms existing in the
measured portion, i.e. as a composition ratio of the respective
atoms existing in the measured portion. Then, the existence

ratio of the atoms between the two boundary portions can be

~12-
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calculated by relatively comparing the fluorine atom amount
existing at the exposed surface of the coated léyer'with the
fluorine atom amount existing at the contact surface thereof
with the existence amount of atoms substantially uniformly
distributed in the coated layer being a reference. For the
positive electrode,'cobalt, nickel, manganese, vanadium or
chromium can be used as the reference. These materials are
active materials for the positive electrode, and since these
materials hérdly cause convention flows because of their large
particle sizes and large gravities, these materials are
uniformly distributed in the coated layer. On the other hand,
in the negative electrode, carbon atom, which i's one of active
materials for the negative electrode, can be used as the
reference. The carbon atom constitutes not only the active
material for the negative electrode but also another component
contained in the coated layer. For example, the f iuorine series
resin 1is an organic material including a lafge amount of
carbon atoms, and accordingly, the carbon atoms are uniformly
distributed in the coated layer for the negative electrode.
In the present invention, aluminum K& -ray which is one
kind of soft X-~ray sources was used as an X-ray source. The
measurement was performed with conditions of measuring region
being 1100 #4m¢ and X-ray output being 15 KV and 35 mA. The
fluorine atom amount in the coated layer was measured by
utilizing a peak in a binding energy région from 685 to 692 eV.

The cobalt atom amount was measured by utilizing a peak in a

-13-
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binding energy region near 780 eV and the carbon atom amount

was measured by utiliziﬁg a peak in a binding energy region

near 285 eV.

The electrode plate having the structure described
above isg prepared in a manner such that the coated layer on the
collecting element substrate is formed by repeating the
coating and drying processes two or more times and,
furthermore . the coating process is performed in a manner such
that the thickness of the layer formed in and after the second
time is in a range of 0.4 to 1.6 time of the thickness of the
layer already formed, or in a range of 0.6 to 1.6 time in weight
ratio per unit area. As a result, electrode plates each having
an improved adhesion property between the collecting element
substrate formed of a metal foll and the coated layer can be
obtained with high productivity. That is, in the case where the
coating process is carried out in the repeated manner and the
thickness of the layver newly coated on the upper portion in or
after the second time coating and drying process ié in a range
of 0.4 to 1.6 time of the thickness of the layer already
formed, or in a range of 0.6 to 1.6 time in weight ratio, thus
obtaining the desired coated layer thickness, the 'thickness of
the coated layer formed by the respective coating and drying
processes can be made thin in comparison with the prior art
technology in which the coating and drying process is performed
only one time, whereby the productivity can be improved as

mentioned hereunder. | . .
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For example, in a case where a coated electrode having
a layer thickness of 160 4m (after drying) by repeating two
times of coating and drying processes is prepared, the first
time coating and drying‘ process 1s performed so as to obtain a
laver thickneés of 90 Lm and the second time coating and drying
process is then performed so that the layer thickness is
increased by 70 Um to thereby obtain the coated layer having
the predetermined desired thickness of 160 4m.

On the other hand, in a case where the layer having the
thickness .of 160 XZm is formed through only one coating and
drying process, although the drying itself may be performed at
a speed of 3 m/min. or more by using a 4 m drying zone, when the
coating solution coated in thick is dried rapidly, a binder
containing ratio on the exposed side surface of the coated
layer gets higher and, in relative, the existenée amount of the
binder on the surface contacting to the collecting element is
reduced, resulting in the formation of the coated layer having
less adhesion performance. In order to prevent sucﬁ defect, it
will be required to dry the coated solution at a slow coating
speed of less than 1 m/min.

On the contrary, in the case where the coating solution
is coated in two times to form the laver thickness of first 90
“m and next of 70 Um, since the thickness after the first
coating and drying process is thin thickness of 90 #m with less
amount of solvent of the coated ink, the drying process can be

carried out at the fast drying speed of 4 m/min. or more, thus
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obtaining a coated layer having a relatively desired adhesion
performance. In a further process in which the second coating
and drying process for the layer which is coated on the laver
formed in the first time process and which has a further
thickness of the layer of 70 4m to thereby obtain the total
layer thickness of 160 {m, a time required for this second time
drying is of about the time in the first process or less than
that, so that the coated solution can be quickly dried at the
drying speed of 4 m/min. or more. Furthermore, in the case of
the second time coating process, since the liquid component of
the coating solution coated in the second time coating process
invades into fine gaps or pours of the first time coated laver
and, accordingly, the binder in the coated layer or the coating
solution moves towards the collecting element side, the coated
layer dried in such state includes the binder on the contact
surface side to the collecting element having an amount larger
than that of the binder on the exposed surface side of the
coated layer. Accordingly, the adhesion performance of the
coated layer formed in accordance with the above first and
second time coating and drying processes can be extremely
improved in comparison with the case where the coated layer
having the thickness of 160 Zm in one time coating and dryving
process as in the prior art. Still furthermore, in the case of
first and second coating and drying processes carried out
independently, the two times of the coating and drying

processes are performed each at the drying speed of 4 m/min,
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which will substantially correspond to a case where the entire
coating and drying process is performed at the drying speed of
2 m/min. Accordingly, in such case, the productivity can be
improved two times in comparison with the case of one coating
and drying process at the drying speed of 1 m/min. In this
process, since a part of thg binder component of the solution
coated in the overlapped manner moves in the coated layer
already formed, the increasing of the coated layer weight is
not necessarlily in proportional to the increasing of the coated
layer thickness according to the kind of the active material of
the ink to be used.

Further, it is to be noted that, in the coating and
drying processes of the present invention, although these
processes are carriled out two or more than two times, it is not
necessary to use two coating machines, but it méy be sufficient
to use only one ceoating machine having two coating units.
Therefore, this does not lead to cost increasing for the
machine, and moreover, since repreciation cost to the machine
1s reduced year by year, it will be said that the manufacturing
cost will be reduced according to the increasing of the
productivity thereof in the entire viewpoint.

Still furthermore, in the formation of the coated layer
through one time coating and drying process as in the prior art
technology, since the thickened coated layer is dried by heat
and air wind, the polymer as the binder may exist in an

unevenly distributed manner on the exposed side of the coated
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layer due to the increasing of temperature, air flow amount and
air flow speed. When such uneven distribution 1s caused with
respect to the binder at the exposed surface side of the coated
layer, this may result in the lowering of the adhesion
performance of the coated layer to the collecting'j element
substrate. The uneven distribution of the binder is caused
dependent on the thickness of the layer to be coated, the
drying temperature and drying air flow amount.

The coating method for forming the coatediilayer will be
described hereunder with reference to concrete examples
together with the description of the explanation how the nature
of the coated layer to be finally produced is changed by the
difference o0f the thickness of the coated layer in the
regpective processes. In the following descr:i.ption, the
thickness of the layer formed through the first time coating
and drying process is denoted as T,, the thickness of the layer
formed through the second time coating and drying process is
denoted as T,, and the thicknesses in the furfher subsequent
coating and drying processes are denoted as T,, T,, -=--~T_.

When an electrode plate is produced by repeatedly
coating a coating solution to obtain a coated layer having a
predetermined total thickness in an overlapped coating manner,
a desired coated layver having an excellent adhesion
performance can be obtained through the respective coating
processes with the coated thicknesses In accordance with

following equation in which the coated layer thickness in each
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coatling process 1s determined to provide the thickness 0.4 to

1.6 time of the thickness of the layer formed in the already
performed coating process. - .

0.4T, < T, s 1.6T,,

0.4 (T, + T,) < T, s 1.6(T; + T,),

0.4 (T, + T, + —— +T,) ST < 1.6(T, + T, + ===+ T__)

However, in the case of 0.4T, =2 T,, because of less
amount of the liquid component in the coating solution coated
in the second time coating process, the newly coated coating
solution d4id not hardly reached the contact surface of the
coated layer to the collecting element even 1f the solution
invades the coated layer formed through the first time coating
process and the improvement in the adhesion property was not
realized. Further, in the case of 1.6T, < T,, because the amount
of the liguid eomponent in the coating solution ceated in the
second time ‘coa'ting process is excessive and it is hence not
absorbed in the coated layer formed through fhe first time
coating process, fhe binder of the coated layer formed through
the first time coating process is locally re-dissolved or the
convection flow of the solvent 1s caused entirely in the coated
ilayer. Accordingly, in this case, a coated layer having a bad
adhesion performance to a degree which is obtainable through
only one coating process to form a thick layer thickness.

Furthermore, in the case of 0.4T7, 2 T, or 1.6T, < T,, the
difference in the thicknesses of the coated layers formed in

the respective coating processes becomes large and it becomes
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difficult to make short the drying times in the respective
processes. In such case, no merit for performing the coating
processes in plural times is achilewved.

Therefore, in consideration of the above facts,
according to the present invention, the coated layer having a
predetermined total thickness is formed by repeatedly carrying
out the coating and drying processes of the coating solution in
which the coated layer having a predetermined thickness is
formed and laminated in each process, and moreover, the coating
process 1s performed in a manner such that the thickness of an
upper layver formed by being coated and dried in the second time
is in a range of 0.4 to 1.6 time of the thickness of a lower
layer already formed in the first time coating and drying
process, or in a range of 0.6 to 1.6 time in weight ratioc. In
the case where the coating and dryilng processes are further
increased, the thickness of the layer newly coated at each
process is in a range of 0.4 to 1.6 time of the thickness of the
lower layer already formed, or in a range of 0.6 to 1.6 time in
weight ratio.

Further, it is to be noted that, in a case where the
thickness and the weight of the layer coated in the coating
process after the first time coating process are not arranged
in the ranges mentioned above, according tol the other aspect of
the present invention, it 1is possible to obtain the
predetermined ratio (b/a) of the amount (b) of the binder

existing at the boundary portion of the side of .the coated
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layer opposite to the side contacting the collecting element
to the amount (a) of the binder exlsting at the boundary
portion of the collecting element side of the coated layer by
changing the composition ratio of the active material and the
binder in the coating solution in each coating process.

Respective materials for constituting the electrode
plate for secondary battery with nonagueous electrolyte
according to the present invention will be further described
hereunder.

A segondary battery with nonagueous electrolyte is
characterized by using a solution of nonaqueous organic
solvent as electrolyte, which is generally represented by a
lithium secondary battery. For example, an electrode plate is
prepared by forming a coated layer (active material layer)
containing an electrode active material on a collecting
element substrate formed of a metal foil, and g nonagueous
organic solvent solution is used as an electrolyte. In such a
lithium secondary battery, charge-discharge can be performed
through giving and taking of electrons at the time of the
Lithium ion movement.

The coated layer constituting the electrode plate for
the secondary battery with the nonaqueous electrolyte
according to the present invention is formed from an electrode
coating solution containing at least an active material and a

binder. As the active material for the positive electrode

utilized for the present invention, the following material .
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will be provided, for example, lithium oxide such as LiCoQG,,

J

LiNiQO,, LiMn,0, or the like, chalcogen compound such as TiS,,
MnGC,, Mo0O,, V.0, or the like, or a certain combination thereof.
On the other hand, as the active material for the negative
electrode, the following material will be desired to be used,
for example, metal lithium, lithium alloy, or carbon matexrial
such as graphite, carbon black, acetylene black or the like.
Particularly, in the use of LiCo0, as the active materlial for
the positive electrode and carbon material as the active
material for the negative electrode, a lithium series
secondary battery having a considerably high discharge voltage
of about 4 Volts. It is desired for these active materials to
be uniformly dispersed in the coated layer. For this purpose,
in the present invention, it dis prefefred to use powder
material as the active material having a particle diameter of
1 to 100 Um and average diameter of the particles of about 10

“m.,

Ag the binder usable for the present ilnvention, there
will be provided a thermoplastic resin, and more concretely,
one of resins may be selected optionally from polyvester resin,
polyamide resin, polyacrylic acid ester resin, polycarbonate
resin, polyurethan resin, cellulose resin, polvolefin resin,
polyvinyl resin, fluoride resin, and polyimide resin. In such
case, 1t may be possible to mix at the same time a compound
Incorporated with reactive functional group (for example,

monomer or oligomer of acrylate). Furthermore, as the binder,

—_772 —



r 2190051

k

oligomer of acrylate may be solely used, or a mixture of this
cligomer and monomer may be also used.

As the collecting element usable for the electrode
plate for the secondary battery with nonaqueous electrolyte of
the present invention, there will be provided a metal foil such
as aluminum foll or copper foil generally having a foil
thickness of about 10 to 30 fm.

The coating layer constituting the electrode plate for
the secondary battery with nonaqueous electrolyte of the
present invention will be prepared in the following manner.

First, a coating solution which is to be coated on a
collecting element is prepared by using the material mentioned
above. That is, the coating solution for an electrode is
prepared by kneading, or dispersing and dissolving a binder and
a powdery active material properly selected from the materials.
mentioned above with a suitable dispersion medium. In the next
gtep, the thus prepared coéting solution is coated on the
collecting element substrate. There is utilized, as such
coatingmethod, gravure, gravure-reverse, die-coat, slide-coat
or the like method. Thereafter, an electrode plate is prepared
through a drying process for drying the coated coating
solution.

In the present invention, as mentioned above, the
repeatedly coated layer is formed by repeating such coating and
drying process two or more than two times, not only one time as

in the prior art technology. In this coated layer forming
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procedure, the coating and drylng processes are performed such
that the thicknesé of a.newlybformed portion in the second
process is. in a range of 0.4 to 1.6 time of the thickness of a
lower portion already formed in the first process, or in a
range of 0.6 to 1.6 time in weight ratio. In the case where the
coating and drying processes are further increased, the
thickness of an each newly increased portion is in a range of
0.4 to 1.6 time of the thickness of the portion already formed
(or 0.6 to 1.6 time in weight ratio).

The concrete method of.preparing the coating scolution
for an electrode containing the active material used for the
present invention will be described hereunder.

A binder in form of particles and a powdery active

material properly selected from the materials mentioned before
are put into a dispersion medium composed of an organic solvent
such as N-methyl-2-pyvrolidone or toluene al}d then mixed
therein. A conductive agent may be further added before the
mixing as occasion demands. A composition thus formed are mixed
and dispersed by using a dispersing machine such as known
homogenizer, ball mill, sand mill or roll mill. The coating
solution is‘prepared through the manner mentioned above. In
this process, a compounding ratio of the binder and the active
material may be one in the prior art technology, and for
example, it is desired that in the case o©of the negative
electrode, binder : active material = about 2 : 8 to 1 : 9

(weight ratio) and in the case of the positive electrode,
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binder : active material = about 1 : 10 to 1 : 30 (weight

?
,t

ratioc). Further, carbon materials such as graphite, carbon
black, acetylene black or the like may be used as +the

conductive agent to be added as occasion demands.

The coating solution for the electrode containing the
active material prepared in the manner described above is
coated on the collecting element formed of a metal foldl such as
aluminum or copper by using a gravure coater, gravure reverse,
die coater or the like. The coating and drying processes are
repeated in plural times to obtain a coated and dried layer
usually having a total thickness of 10 to 200 Um, preferably,
50 to 170 4m, and further preferably, 100 to 170 Um.

Furthermore, in order to further improve the uniformity
of the coated layer formed through the repeated coating and
drying processes, a press—~treatment may be performed to the
thus coated layer by using a metal roll, heatin'g roll or sheet
press machine to thereby prepare the electrode plate of the
present i1invention. In this press-treatment, a pressing
pressure of 500 to 7500 Kgf/cm? may be generally utilized, and
preferably, of 3000 to 5000 Kgf/cm?® will be utilized. In the
case of the press pressure less than 500 Kgf/cm?, it is
difficult to cbtain an improved uniform coated layer, and in
the case of the press pressure more than 7500 Kgf/cm?, the
electrode plate itself including the collecting element may be
damaged. - .

Furthermore, in the case where a secondary battery
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manufactured by utilizing the electrode plate prepared in the
manner mentioned above, i1t is desired to further carry out
heating and pressure reducling treatments for removing liquid
component beforehand the assembling of the battery.

In a case where, for example, a lithium secondary
battery with thé nonagqueous electrolyte 1s prepared by
utilizing the positive and negative electrode plates of the
present invention described above, a nonagueous electrolyte in
which a lithium salt as a solute is dissolved in an organic
solvent is used. As the organic solvent, for example, are
provided cyclic esters, chain esters, cyclic ethers and chain
ethers. More in detail, examples of the cyclic esters include
propylene carbonate, butyiene carbonate, ¥ -butyrolactone,
vinylene carbonate, 2-methyl- 7 -butyrolactone, acetyl-
7 -butyrolactone, and 7 -valerolactone. Examples of the chain
esters include dimethyl carbonate, diethyl carbonate, dibutyl
carbonate, dipropyl carbonate, methyl ethyl carbonate, methyl
butyl carbonate, methyl propyl carbonate, ethyl butyl
carbonate, ethyl propyl carbonate, butyl propyl carbonate,
alkyl ester of propionic acid, dialkyl ester of malonic acid,
and alkyl ester of acetic acid. Examples of the cyclic ethers
include tetrahydrofuran, alkyl tetrahydrofuran, dialkyl
tetrahydrofuran, alkoxy  tetrahydrofuran, dialkoxy
tetrahydrofuran, 1,3-dioxolane, alkyl-l,3-dioxolane, and
1,4-dioxclane. Examples of the chain ethers include

1, 2-dimethoxyethane, 1,2-diethoxyethane, dimethyl ether,
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ethylene glycol dialkyl ether, diethylene glyvcol dialkyl

ether, triefhylene glyvcol dialkyl ether, and tetraethylene
glycol dialkyl ether. o

Lithium salts as the solute forming the nonagueous
electrolyte together with the organic solvent include
inorganic lithium salts such as LiClO,, LiBF,, LiPF,, LiAsF,,

LiCl, and LiBr and organic lithium salts such as LiB(C/H;),,

LiN(SO,CF,),, ILiC(S0,CFr,),, LiOSO,CF,, TLiOSO,C,F,, LiOSO,C,F.,,
Li0s0,CFy, LiOSO,CLF,,, LiOSO,C.F,,, and LiOSO,C,F,..
The present invention will be described hereunder in

more detall with reference to the following examples.

[Exampleé]

Example 1

A doating solution for the positive electrode
containing the active material for the positive.' electrode used
for the embodiment deséribed above was prepared in the
following manner.

There was used, as the coating solution for the
positive electrode, in weight ratio, 89 parts by weight of
LiCo0, powder as the active material with an average particle
diameter of 10 Um of particles each having diameter of 1 to 100
“m, 8 parts by welght of a graphite powder as the conductive
material, and 33 parts by weight of a wvarnish of
poly~vinylidene fluoride resin as the binder (manufactured by

Kureha Chemical Industry Co., LTD; KF#1100, 12% solution in
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N—methyl].wZ—pyrolidone) . After adding the other powder
materials to the varnish, the soclution was agitated and mixed
for 30 min. by using a planetary mixer (of Kodaira Seisakusho
Co., LTD) to thereby obtain a coating soclution in form of
glurry for the positive electrode including a material for the
positive electrode.

A first time coating process of the coating solution
for the positive electrode was performed with a die coater by

coating the thus prepared coating solution on a substrate of a

collecting element formed of an aluminum foill having thickness
of 20 Um and width of 300 mm. Thereafter, a drying process was
performed by passing the coated substrate of the collecting
element in a drying oven having length of 8 m (80°C-100"C-
130°C-140 C)at a speed of 12 m/min. to thereby form a coated
layver containing the active material for the positive
electrode having a dried layer thickness of 60 Um on the
aluminum foil substrate (coated weight 100g/m?).

Next, a second time coating process was then performed
on the coated layver formed through the above first time coating
process in the like manner. Thereafter, a drying process was
performed by passing the substrate of the collecting element
in a drying oven having length of 8 m (80°C—100°‘Q—130°C-140°C)
at a speed of 6 m/min. to thereby form a second coated layer
having a dried layer thickness of 504m on the first coated
layer. As a result, the coated layer, including an active

material for the positive electrode,_ having a total thickness
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of 110 Um (coated welght of 183 g/m?) was formed.
Thereafter, the coated layer containing the active

material for the positive electrode was subjected to an ageing

treatment for 48 hours in a vacuum oven at a temperature of 80 C
to remove tThe ligquid component, thereby preparing the
electrode plate for the positive electrode of the Example 1 of
the present invention.

In the next step, a coating solution for the negative
electrode containing the active material for the negative
electrode used for the embodiment described above was prepared
in the following manner. - _

There was used, as a material for the coating solution
for the negative electrode, in welght ratio, 85 parts by weight
of graphite powder, 125 parts by welght of varnish of
polyvinylidene fluorideée resin {manufactured b__y_‘ Kureha Chemical
Industry Co., LTD; KF#1100, 12% solution in
N-methyl-2~-pyrolidone), and 115 parts by weight of
N-methyl-2-pyrolidone as dispersion medium. The material for
the negative electrode was dispersed by utilizing the same
dispersing machine and method as those for the preparation of
the coating solution for the positive electrode to thereby

obtain a c'oating solution for the negative electrode in form of

a slurry.
A first time coating process of the coating solution

for the negative electrecde was performed with a die coater by

coating the thus prepared coating solution on a substrate of

~2Q_ o -



] 2190051

the collecting element formed of a rolled copper foil having
thickness of 15 (m. Thereafter, a drying process was performed
by passing the coated éubstra't:e of the collecting element in a
drying oven having length of 8 m (80°C_—-;OO°_C—J:3_O‘_'C—140°C)_ at a
speed of 12 'm/min. to thereby form a coated layer containing
the active material for the negative electrode having a dried
layer thickness of 95 _/4m on the copper foil substrate (coated
weight 87 g/m?). .

Next, a second time coating process was then performed
on the coated layer formed through the above first time coating
process in the like manner. Thereafter, a drying process was
performed by gassing the substrate of the collecting element
in a drying oven having length of 8 m (80 C—lQQ°C—130°C—140°C)
at a speed of 6 m/min. to thereby form a second coated layer
having a dried léyer thickness of 70 Um. As -a result, the
coated layer, including an active
material for the negative electrode, having a total thickness
of 165Um (coated welight of 171 g/m?) was formed. Thereafter,
the liguid component in the coated layer for the negative
electrode thus prepared was removed in substantially the same
manner as that mentioned with respect to the positive
electrode, whereby the electrode plate for the negative
electrode of the Example 1 of the present invention was
prepared.

Example 2

First time coating process of the coating solution for
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the positive electrode was carried out by using the same
coating solution for the positive electrode and the aluminum
foll as those used in the first Example 1 and by the same manner
as that of the Example 1, thereby forming the first time coated
layer containing the active material for the positive
elgctrode and having a dried layer thickness of 60 Um (coated
weight of 100 g/m?*). Next, through the manner s'imilar to that
carried out in the first time coating process, the second time
coated layer having a dried layer thickness of 60 Um was formed
on the first time coated laver. As a result, the coated layer,
including an active material for the positive: electrode,
having a total thickness of 120 £m (coated weight of 200 g/m?*)
was formed.

Thereafter, the coated layer containing the active
material for the positive electrode was subjected to an ageing
treatment for 48 hours in a vacuum oven at a temperature of 80 C
to remove the liquld component, thereby preparing the
electrode plate for the positive electrode of the Example 2 of
the present invention.

In the next step, a coating solution for the negative
electrode containing the active material for the negative
electrode used for thé. embodiment described above was prepared
in the following manner.

There was used, as a material for the coating solution
for the negative electrode, in welght ratio, 90 parts by weight

of carbone powder (Carbotron P manufactured by Kureha Chemical

-31-



219005

Industry Co., LTD), 83 parts by weight of varnish of
polyvinylidene fluoride resin (manufactured by Kureha Chemical
Industry Co., LTD; KF#1100, 12% solution in N-
methyl-2-pyrolidone), and 152 parts by weight of
N-methyl-2-pyrolidone as dispersion medium. The material for
the negative electrode was dispersed by utilizing the same
dispersing machine and method as those for the preparation of
the coating solution for the positive electrode to thereby
obtain a coating solution for the negative electrode in form
of a slurry.

A first time coating process of the coating solution
for the negative electrode was performed by coating the thus
prepared coating scolution on a substrate of a collecting
element formed of a rolled copper foil having thickness of 15
tm. Thereafter, a dryving process was performed by passing the
coated collecting element substrate in a drying oven having
length of 8 m (80 C-100"C-130"C-140"C) at a speed of 12 m/min.
to thereby form a coated layer containlng the active material.
for the negative electrode having a dried layer thickness of 70
£m on the copper foil substrate (coated weight 64 g/m*).

| Next, a second time coating process was then performed
on the coated layer formed through the above first time coating
process in the like manner. Thereafter, a drying process was
performed by passing the substrate of the collecting element
in a dryving oven having length of 8 m _(_8_0:g~J1QQ°~C—130° Q—]_.40°C)

at a speed of 6 m/min. to thereby form a second coated layer
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having a dried layer thickness of 70 4m. As a result, the
coated laver, including an active

material for the negative electrode, having a total thickness

of 140 Um (coated weight of 145 g/m*) was formed. Thereafter,
the liquid component in the coated layer for the negative
electrode thus prepared was remo;»red in substantially the same
manner as that mentioned with respect to the positive
electrode, whereby the electrode plate for the negative
electrode of the Example 2 of the present invention was
prepared. . o

Example 3

An electrode was prepared by using substantially the
same coating solution as that in the Example 1 in substantially
the same coating method and drying condition as those of the
Example 1 except that, for the positive electrode, the coated
layer thickness in the first coating process was 60 (m (coated
layer weight of 100 g/m?) and that in thé second coating process
was 70 Um, in total, 130 Um (coated layer welght of 217 g/cm?).

On the other hand, for the negative electrode, the
coated layer thickness in the first coating process was 70 Um
(coated layer v&eight of 64 g/m*) and that in the second coating
process was 75 MUm, in total, 145 Um (coated layer weight of
150 g/m?). Thereafter, as in the Example 1, vacuum drying
process was performed to thereby obtaln the positive and

negative electrode plates.

Example 4
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An electrode was prepared by using substantially the
same coating solution as that in the Example 1 in substantially
the same coating method as that of the Example 1 except that
the coating process was repeated three times. The drying
processes were performed by using the drying oven having a
length of 8 m (80 C-100"C-130°C-140°C) at a drying speed of 16
m/min. (first drying), 12 m/min. (second drying) and 6 m/min
(third drying).

In the preparation of the positive electrode, the
thickness of the first coated layer was 35 tm, that of the
second coated layer was 40 Um and that of the third coated
layer was 70 fUm (145 fm In total, coated layer weight of 242
g/m* in total). In the preparation of the negative electrode,
the thickness of the first coated layer was 35 #m, that of the
second coated laver was 50 ﬂn&aﬁd that of the third coated
layer was 70 4m (155 Um in total coated laver weight of 160
g/m* in total). Thereafter, as in the Example 1, vacuum drying
process was performed to thereby obtain the positive and
negative electi'ode plates.

An example, in which composition ratio of the binder
and the active material in a coating solution is changed in
each coating solution for forming each of the coated layers
after the first time coating and drying process, will be
described hereunder as Example 5.

Example 5

A coating solution for the positive electrode

—34-



, ' 2190057

containing the active material for the positive electrode used
for the Exaiﬂple S5 was prepared in the following manner.

There was used, as the first time coating solution for
the coated layer for the positive electrode, in weight ratio,
88 parts by weight of LiCoO0, powder with an average particle
diameter of 20 Um of particles each having diameter of 1 to 100
Km, 4 parts by weight of a graphite powder as the conductive
material, 50 parts by weight of a vanish of poly-vinylidene
fluoride resin as the binder (KF#1100 manufactured by Kureha
Chemical Industry Co, LTD, 12% solid component in
N-methyl-2-pyrolidone), and 5 parts by weight of
N-methyl-2-pyrolidone. The thus prepared mixture was agitated
and mixed for 30 min. by using a planetary mixer (Kocdaira
Selsakusho Co. LTD) to thereby obtain a material containing the
active material for the positive electrode in Eorm of slurry.

A first time coating process of tﬁe thugs prepared
active material coating solution for the posifive electrode
was performed with a slot die coater by coating the coating
solution on a substrate of a collecting element formed of an
aluminum foil having thickness of 20 /m and width of 300 mm.
Thereafter, a drying process was performed by passing the
coated substrate of the collecting element in a drying oven
having length of 8 m (100 C-120 C-130"C-140°C) at a speed of 12
m/min. to thereby form a first coated layer containing the
active material for the positive electrode having a dried layer

thickness of 40 Um on the aluminum foil substrate.

~35-



: 2190051

Next, a second time coating and drying process was then
performed on the coated layer formed through the above first
time coating process in the like manner except that weight
ratio of the vanish and drying speed were Changed. That is, as
the binder, there was used 17 parts by weight of the vanish of
poly-vinylidene fluoride resin, and the other components were
the same as those in the first time coating éolution. The
drying speed was 6 m/min. A coated layer containing the active
materiai for the positive electrode had a total dried layer
thickness of 80 Um.

In the next step, a coating solution for the negative
electrode containing the active material for the negative
electrode used for the Ex;ample 3 was prepared in the following
manner.

There was used, as a material for the first time
coating solution for the negative electrode, iﬁ welght ratio,
85 parts by weight of graphite powder as the active material
for the negative é}.ectrode and 94 parts by weight of the vanish
of poly~vinylidene fluoride resin as the binder (XKF#1100
manufactured by Kureha Chemical Industry Co. LTD, 12% solid
component in N-methyl-2-pyrolidone), and 5 parts by weight of
N~-methyl-2-pyrolidone as dispersion medium. The thus prepared
mixture was dispersed by using a dispersing machine as in the
preparation of the positive electrode to thereby obtain a
coating solution in a form of slurry.

A first time coating process of the above coating
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golution for the negative electrode was performed in the manner
like that for the positive electrode. The thus prepared first
time coating solution was coated on a rolled copper foll having
:a thickness of 15 Um and a width of 300 mm by using a die
coater. Thereafter, a drying process was performed by passing
the coated substrate of the collecting element in a drying oven
having length of 8 m (100 C-120°C-130"C-140'C) at a speed of
12m/min. to thereby form a first coated layver containing the
active material for the negative electrode having a dried layer
thickness of 60 Um on the copper foll substrate.

Next, a second time coating and drying process was then
performed on the coated layer formed through the above first
time coating process 1n the like manner except that weight
ratio of the vanish and drying speed were changed. That is, as
the binder, there was used 31 parts by weight of the vanish of
poly-vinylidene fluoride resin, and the other components were
the same as. those in the first time coating solution. The

drying speed was 6 m/min. A second coated layer containing the

active material for the negative electrode had a dried layer

total thickness of 120 Um.

Comparative Example 1

- e tw—— . L4 - A A o LT BN LY

An electrode was prepared by using substantially the
same coating solution as that in the Example 1 in substantially
the same coating method and drying condition as those of the
Example 1 except fhat, for the positive electrode, the

thickness of the first coated layer was 40 Um {coated laver
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weight of 67 g/m?*) and that of the second coated léyer was 70 Um
(110 4m in total, coated layer welght of 183 g/in2 in total).
FOTr the negative electrode, the thickness of the first coated
layer was 50 Um (coated layer welght of 46 g/m?) and that of the
second coated layer was 85 Um (135 Zm in total, coated lavyer
weight of 140 g/m® in total). Thereafter, as in the Example 1,
vacuum drying process was performed to thereby obtain the
positive and negative electrode plates.

Comparative Example 2

o .- - - € =~a " T = = v - -

An electrode was prepared by using substantially the
same coating solution as that in the Example 1 in substantially
the same coating method as that of the Example 1 except that,
for both the positive and negative electrodes, the coated layer
was formed through only one coating process; and the drying
process was performed by passing through the drying oven having
a length of 8 m (80 C-100"C-130°C-140°C) at a coating speed of
6 m/min. The coated layer for the positive electrode had a
thickness of 110 /m (coated layer weight of 183 g/m?) and the
coated layer for the negative electrode had a thickness of 135
#m (coated layer weight of 139 g/m?). Thereafter, as in the
Example 1, wvacuum drying process was performed to thereby
obtain the positive and negative electrode plates.

Adhesion Evaluation

- eemm= AT, " A - - - -

With respect to the electrode plates prepared through

the above Examples 1-5 and Comparative examples 1-2, the

adhesion performarices of the coated_ and dried laver with
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respect to the collecting elements were compared and
evaluated, and the following-resﬁlts'were.obtained. for this
purpose, a cross-cut adhesion test (100 numbers of cross cuts
each with an interval of 1 mm formed by means of cutter and
remaining numbers of the sgare portions are evaluated) was

carried out;
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l
Kind of Coated Laver I Result of Cross~Cut

Test | ( numbers )
—]_—__—
Example 1 Positive Electrode 100
Negative Electrode 100
Example 2 . Positive Electrode 100
Negative Electrode 100
Example 3 Positive Electrode 100
Negative Electrode . 100
Example 4 Pogsitive Electrode 100
Negative Electrode 100
Example 5 Pogitive Electrode . 100
Negative Electrode 100
Comparative 1 .Positive Electrode . S0
Negative Electrode 70
Comparative 2 . Positive Electrode 80
Negative Electrode 0

Result of Surface Elemental Analysis

Fluoriﬁe"'afom amounts in the exposed surface side of
the coated layers and those in the contacting surface side
thereof were measured by using a device (ESCALAB 220i-XL
manufactured by FISONS Instruments and ESCASCOPE by VACUUM
GENERATOR SCIENTIFIC) +through the X-ray photoelectron
spectroscopy (X-ray PS). In the measurement, K&1, 2 of Al was
used as an X-ray source with the X-ray output of 15 kV, 35 mA
and the measured region of 1100 Um@.

The fluorine amounts were calculated with cobalt atom
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amount belng the reference for the positive electrode and
carbon atom amount being the reference for the negative
electrode, and a value (fluorine atom amount in'the exposed

surface/fluorine atom amount in the contacting surface) was

obtained. The following results were obtained.

Binder Amount Ratio
(b/a)*

Example 1 Positive Electrode

Negative Electrode

Example 2 Positive Electrode

Negative Electrode

Example 3 Positive Electrode

Negative Electrode

Example 4 Positive Electrode

Negative Electrode

Example 5 Positive Electrode

Negative Electrode

Comparative 1 Positive Electrode

Negative Electrode

Comparative 2 Positive Electrode

Negative Electrode

* b: (Fluorine Atom Amount at Exposed-side Boundary Portion)
a: (Fluorine Atom Amount at Contact-side Boundary Portion)
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WHAT IS CLAIMED IS:

1. An electrode plate for a secondary battery with
nonagueous electrolvte comprising a collector and a coated
layer formed on the collector by coating a coating solution
containing at least an active material for a battery and a
binder on the collector and then drying the same, wherein a
ratio (b/a) of an amount (b) of a binder existing at a boundary
portion of the coated layer on a side opposite to a collector
side boundary portion to an amount (a) of a binder existing at

a boundary portion of the coated layer contacting the collector

ig 0.05 or more and less than 2 .

2. An electrode plate according to claim 1, wherein the
binder is a fluorine series resin and the electrode plate is an
electrode.platé for a lithium ion secondary battery in which
electrons are given and taken through movement of lithium

ions.

3. An electrode plate according to claim 1, wherein the
binder is a fluorine seriles resin and wherein a fluorine atom
amount related to the binder existing at the boundary portion
of the coated laver contacting the collector and a fluorine
atom amount related to the binder existing at the boundary

portion ©of the coated layer on the side opposite to the
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photoelectron spectroscopy, a composition ratio of an

existence amount. of atoms, other than the fluorine atom,
contained in the active material to the existence amount of the
fluorine atom at each of the measured portions is measured, and
when the existence amounts of the fluorine atoms at both the
measured portions are compared with the existence amount of the
atoms other than the fluorine atom contained in the active
material being a reference, a ratio of an amount of the
fluorine atom amount related to the binder existing at a

boundary portion of the coated layer opposite to the collector

side portion of the coated layer to an amount of the fluorine
atom amount related to the binder. existing at a boundary
portion of the coated layer contacting to the collector side is

0.05 or more and less than 2.

4. An electrode plate according to claim 3, wherein said
electrode plate is a positive electrode plate and the atom as
the reference to compare the existence amounts of the fluorine
atoms at both the boundary portions of the coated layer is an
atom selected from a group consisting of cobalt, nickel,

manganese, vanadium and chromium.

5. An electrode plate according to claim 4, wherein the
binder is a polyvinylidene fluoride and the existence amount
of the fluorine atom to be compared is detected from a peak in

a range of a bonding energy of 685 to 962 eV.
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6. An electrode plate according to claim 3, wherein said
electrode plate is a negative electrode plate and the atom as
the reference to compare the existence amounts of the fluorine
atoms at both the boundary portions of the coated laver is a

carbon atom contained in an organic material in the coated

lavyer.

7. An electrode plate according to claim 6, whereiln the
binder 1s a polyvinylidene fluoride and the existence amount
of the fluorine atom to be compared is detected from a peak in

a range of a bonding energy of 685 to 962 eV.

8. A method of manufacturing an electrode plate for a
secondary battery with nonagqueous electrolyte comprising a
collector and é coated layer formed on the collector by coating
a coating solutién containing at least an active material for
a battery and a binder on the collector and then drying the
same, wherein a ratio (b/a) of an amount (b)) of a binder
existing at a boundary portion of the coated layer on a side
opposite to a co;lector side to an amount (a) of a binder
existing at a bouﬁdary portion of the coated layer contacting
the collector 1s 0.05 or more and léss than 2, the method
comprising the step of forming a coated layer having a.
predetermined thickness by repeating at least two times of
coating and drying processes for coating the coating solution

for the electrode plate containing on the collector and then

-44 -



® - 219005

drying the same, wherein a thickness of a coated layer formed

in a second time or more than second time coating and drying
processes is increased by an amount in a range of 0.4 to 1.6
time of a thickness of a coated layer already formed in

preceding coating and drying processes.

g. A method of manufacturing an electrode plate according

to claim 8, wherein the binder is a poly~vinylidene fluoride.

10. A method of manufacturing an electrode plate for a
secondary battery with nonagqueous electrolyte comprising a
collector and a coated layer formed on the collector by coating
a coating solution at least containing an active material for
a battery and a binder on the collector and then drying the
same, wherein a ratic (b/a) of an amount (b) of a binder
existing at a boundary portion of the coated layer on a side
opposite to a collector side to an amount (a) of a binder
existing at a boundary portion of the coated layer contacting
the collector is 0.05 or more and less than 2, the method
comprising the step of forming a coated layer having a
predetermined thickness by repeating at least two times ofﬁ
coating and drying processes for coating the coating solution
for the electrode plate on the collector and then drying the
same, wherein an increased amount in weight per unit area of
the coated layer formed in a second time or more than second

time coating and drying processes is in a range of 0.6 to 1.6
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time of a welght per unit area of a coated layer already

formed in preceding coating and drylng processes.

11. A method of manufacturing an electrode plate according

to claim 10, wherein the binder 1s a poly-vinylidene

fluoride.

12. A method of manufacturing an electrode plate according
to claim 8, wherein coating solutions having a concentration
of the binder lower than that used 1n the preceding coating

and drying steps are used for each set of the respective

coating and drying steps.

13. A method of manufacturing an electrode plate according
to claim 10, wherein coating solutions having a

concentration of the binder lower than that used 1n the
preceding coating and drying steps are used for each set of

the respective coating and drving steps.
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