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ELECTRODE FOR SECONDARY BATTERY

BACKGRQUND OF THE INVENTION

5 . 1. Field of the Invention
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{0001} The inVention relates to an electrode for secondary batteries.

2. Deécription of Related Art
[0002] ’ Hitherto, electrodes for secondary vb‘att.eries such as lithium-ion batteries
and niékt;l-hydrogen batteries have been produced by applying a pasty mixture containing -
an active ‘mz‘iterial, a binder, etc. to a surface of a current collector foil and drying the pa'styv
mixture. See, for example, fapanese bPat-enthpplication Publication No. 2011-187343 (JP
2011-187343 A). - | | |
~ [0003] JP 2011-187343 A discloses an electrode for secondary batteries which

includes a mixture layer formed on the cuirent collector (current collector foil) in the

following manner in order to inhibit binder segregation in the electrode. The electrode is
obtained by. impartin-g zi binder-trapping liquid capable of trapping a binder to a surface of
a current collector, applying a mixture péste containing an aétive material and a binder to
the current-colléctor‘ surface coated with the binder-trapping .liqliid, and then drying the
mixture paste. | ‘ |

| '[0004'] . In particular, the eiectrode of JP 2011-187343 A is an electrode produced
by applying a mixture paste to a current collector foil (hereinéfter, this electrode is referred
to also as coaited type electrode). In the case of such electrodes, there is a possibility that,
if the resistance ié reduced in order td impiove the battery performance and the specific

surface area of the active material is increased and the number of reaction sites is increased

in order to improve the output, then the cycling characteristics (life) might deteriorate.

[0005]  Meanwhile, in the case of electrodes produced by powder molding, it is
possible to reduce the resistance because the penetrability by an electrolytic solution, the

orientation of the negative active material, and the dispersibility of the positive-el_éctrodé
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conductive material are better due to the electrode structure. However, it has been found
that in case where the negative electrode has, for example, unevenness in the mixturei—layer
loading, this results 1n a deterioration iri cycling characteriétics. ‘For diminishing the
unevenness in mixture-layer 1oi1ding, it is neCessar)i to control the flowability of the .
granulated particles and to precisely stack the partiéles on a current collector foil.
Namely, for precisely stack granulated particles on a current collector foil, it is necessary to

improve the flowability of the particles. However, an improvement in particle flowability

is prone to impair the adhesion among the particles, resulting in a decrease in the

resistancg;reducing effect of the powder molding. ~Consequently, it becomes a factor in
causing a decrease in battery perforrnanée. |

[0006]  Specifically, in cases when an electrode of a lithium-ion secondary battery
has un_évenness in mixture-layer loading, the reactions during charge/diséharge do not
evenly take place over the whole electrode but concentrate in ‘the part where the
mixture-layer loading is smaller than the (ither part. In a cycle test for evaluating the
cycling characteristics of a secondary battery, since a charge/discharge cycle is répeated,

’ _

lithium deposits mainly on the portion where the reactions concentrate, i.e. on the part

where the mixture-layer loading is smaller than the other part. For example, the part of

.the negative electrode where the mixture-layer loading is smaller than the other part may

be unable to receive all the lithium discharged from the positive electrode as the ‘cou-nter
electrode. That is, the capacity ratio, which is the capacity ratio of the negative electrode
to the positive electfode, is below 1.0. This also promotes lithium deposition.
Consequently, in the cycle test, electrodes produced by powder molding are more piorie to
deteiioraté than the coated type electrodes and may result in a decrease in capacity
ret_entiori. Thus, among the characteristics of é lithium-ion secondary battery, output and

life have a trade-off relationship therebetween in many cases.

SUMMARY OF THE INVENTION
[0007]  The invention provides an electrode for secondary batteries, the electrode

which reduces resistance and improves cycling characteristics.



10

15

20

25

WO 2014/207526 PCT/IB2014/001094

[0008] . Namely, the electrode for sécondafy batteries, the electrode which is a first
aspect of the invention, inclu‘des a current collector foil, a first mixture layer, and a second
mixture layer. The first mixture layer is a layer of gr.anulated particles accumulated on
the current collector foil. The granulated partiéles contain at least an active material and a
binder. The; second mixture layer is a layer of a mixture paste applied to the surface of
thé first mixture layer'and then dried. The mixture paste is obtained by kneading at least
an active material, a bindef, and a solvent.

[0009] In the electrode for secondary batteries that has the cdnfiguration
described above, by forming a molded-powder layer as the lower layer of the electrode
mixture layer, the penetrability by electrolytic solutions, orientaﬁdn of the negative active
material, and dispersibility of the'positive-electrode conductive material are improved and,

hence, a reduction in resistance is attained. Furthermore, by forming a mixture paste .

" layer as the upper layer of the electrode mixture layer, the unevenness in mixture-layer

loading in the electrode can be diminished as compared with the electrode mixture layer
which consisted only by the molded powder layer. Therefore, the cycling characteristics
of the secondary batteries can be improved.

[0010] . In the electrode for secondary batteries, the electrode which is the first

- aspect of the invention, the loading of the first mixture layer may be larger than the ldadi'ng

of the second mixture layer.

[0011] In the electrode fdr secbndary batteries that has the configuration
described above','by inéreasing the loading of the rﬂixture layer formed by powder molding,
the amount of the paste to be.v applied can be reduced, and the amount of the solvent to be

used for paste application and the drying time can be reduced.

| BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Features, advantages, and technical and industrial significance of

exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:
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FIG. 1 is a diagram which schematical'ly‘ shows an apparatus for producing an
electrode for secondary batteries accordingto one embodiméntvof the invention;

FIG. 2 is a diégram which shows an image of a cross;sectional structure of an
electrode (electrode sheet) -for secondary batteries according to one embodiment 6f the
invention; ' |

FIG. 3 is a‘ﬂow diagrarh of a p_rdcess, accordingjto one embodimént of the ’invvention,
for producing an électrodc; for secondary batteries;

FIG. 4 is a graph in which batteries for evaluation according to Example and
Coinparative’ Exémples 1 and 2 are compared in initial IV resistancé; and |

'FIG. 5 is a graph in which the batteries for evaluation according to Example and

4 'Compafative Examples 1 and 2 are compared in capacity retention after a cycle test.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] Next, embodiments of the invention will be explained; The electrode for

- secondary batteries according.to the following embodiment is usable as the electrodes

(electrode shvee'ts)‘posse‘ssed by nonaqueous-electrolyte secondary batteries.

'[00'14] ‘First, the invention will be explained by reference to a lithium-ion
secondary battery as one example of honaquedus-electrolyte secondary batteries equipped
with the electrode for secondary batteries according to the folldwing embodixhent.

[0015] The lithium-ion secondary battery (not shown) is configured, for example,

‘as a cylindrical battery, prismatic battery, or laminate type batte_ry obtained by disposing, in

a battery housing, an electrode assembly which includes a sheet-shaped positive electrode

(positive-electrode sheet) and a sheet-shaped hegative electrode (negative-electrode sheet)

and which is in a superposed or wound state.  Specifically, a positive electrode and a
negative electrode which have been produced in a sheet form are stacked, together With‘a
separator interposed therebefween, for example by superposing onr‘vspirally winding the
sheeté, thereby forming an electrode assembly. This electrode assembly is housed inside
a battery hdusing, which in this state is filled>with an electrolytic solution and is then

hermetically sealed. The thus;produced lithium-ion secondary battery is equipped with
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an eléctrode assembly including a positive electrode, a negative electrode, a separator, efc.
and .with a battery houéing that houses the electrode assembly therein, and employs a
nonaqueous electrolytic solution as the electfolytic solution. |
[0016]  The positive electrode_(positive-electrdde sheet) is a positive electrode
obtained by forming, over a current c'ollectc;r foil, an electrode mixfur_e layer which

includes electrode materials including a positive active material capable of

* occluding/releasing lithium ions, a conductive material, a binder, a thickener, etc. The

positive electrode (positive-electrbde sheet) may be the elect’rode for secohdéry batteries
according to this embodiment. |

[0017] = As the positivé active material, use can be made of a positive active
material such as a lithium-traﬁsition metal composite oxide. Examples of the positive
active material include LiCo0O;, LiNiO,, LiMn204, and such lithinum-transition metal
composite oxides in which the constituent elements have been partly replaced with other
element(s). .. | | |

[0018] The condﬁctive mafefial is for ensuring the electrical conductivify 'o‘f the
positive electrode. As the conductive material, use can be made of a carbonaceous
kp_c‘)w,dery material such as natural graphite, an artificial graphite,b. acetylene black (AB), or
carbbn black. | | | |

[0019] ~ The negative electrode (negative-electrode- sheet) is obtained by forming
an electrode mixtu;e layer on él} current collector foil. The electrode mixture layer\
includes eléctrodé ‘materials including a negative active material capable of occluding
lithium ions during charge and of releasing the lithium ions during discharge, a binder, a
thickéner, etc. The negative electrode (negative-electrode ‘she"ét) may be the electrode for
secondary batteries according to this embodiment. | |

,[0020] The negative electrode is not particularly limited so long as use .can be
made of a negative active material having the pr;)perty of occludiﬁg lithium ions during
charge and of releasing the lithium ions during discharge. Examples of the material
having such property include lithium metal and carbon materials such: as graphites and

amorphous carbon. Preferred among these are carbon materials that bring about
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relatively large voltage changes with the occlusion/release of lithium ions. It is more
preferred to use a highly crystalline carbon material constituted of natural graphite, an
artificial graphite, or the like.

[0021] The binder serves to bind the particles of the positive active material and

‘conductive material together or the particles of the negative active material together to
‘prevent these particles from separating. The binder further serves to bind these particles
~ to the current collector foil. A fluororesin can be used as the binder. The fluororesin is,

" for example polyte‘traﬂuoroethylene‘ (PTFE), polyvinylidenefluoride (PVDF), a"

styrene/butadiene copolymer (SBR), or a fluororubber or a thermoplastic resin such as

_ polypropylene.v

[0022] The thi‘ckener: is for imparting viscosity to an electrode mixture paste

_(positive-electrode mixture paste or negative-electrode mixture paste). As the thickener,

use may be madé, for exémple, of poly(ethylene oxide) (PEO),‘poly(Vinyl alcohol) (PVA),

or carboxymethyl cellulose (CMC). Incidentally, the thickener is used in cases when the

electrode mixture paste is required to have viscosity, and may be used, as appropriate,

according to need.
~ [0023] The separator is for electrically insuléting the positive electrode and the

negative electrode from each other and for holding the nonaqueous electrolytic solution

 therein. Examples of the material constituting the separator include porous
“synthetic-resin films, in particulér, porous films of polyolefin polymersv(p‘olyethylene and

polypropylene), etc.

[0024] = As the electrolytic solution, use can be'méde of a solution obtained by

dissolving a lithium sait, suph as LiPFs, LiClQy, or LiBF,, as a supporting eléctrolyte in a

mixed organic solvent composed of a cyclic carbonate such as ethylene carbonate (EC),

v propyléne carbonate (PC), or vinylene ¢arb0nate (VC) and a chain carbonate such as

dimethyl carbonate (DMC), diethyl carbonate (DEC), or ethyl methyl carbonate (EMC).
{00251  The positive electrode (positive-electrode sheet) and negative electrode
(negative-electrode sheet) described above are superposed, wound, or otherwise disposed,

with a separator interposed therebetween, thereby forming an electrode assembly. The
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positive electfode and negative electrode in the assembly are electrically connected
respcctively‘to a positive-electrodé terminal and a negative-electrode terminal which are
for external connection, and this electrode assembly is housed inside an appropriate battery
housing. The space between the positive electrode and the negative electrode is filled

with a nonaqueous electrolytic solution, and the battery housing is hermetically sealed.

Thus, a lithium-ion secondary “byattéry‘is configured. Examples of the battery housing

include a case made of a metal or resin and a bag constituted of a laminated film made of a
metal such aé aluminum. |

[0026] Next, a production a\pparatus 1 for producing the electrode for secondary‘
batteries according to this embodiment is expléined using FIG. 1. |

[0027]  The production apparatus 1 for the electrode for Secondary batteries

- according to this embodiment (hereinafter, referred to as production apparatus 1) is an

apparatus for forming an electrode mixture layer 200 composed of three layers (see FIG. 2) -
on a current collector foil 2 by successively conducting the following four steps. while

conveying the current collector foil 2: applying a binder 20 to the current collector foil 2;

feeding and molding a powder composed of granulated particles 21; applying an electrode
- mixture paste 23; and drying the electrode mixture paste 23. - The three layers are a binder

layer 100, a _Iholded-pOWder layer 110 which is a first mixture layer, and a mixture paste

layer 120 which is a second mixture layer. The production apparatus 1 is configured
/

‘mainly of a conveyor 3, a binder applicator 4, a powder molding device 5, a mixture paste

applicator 6, and a drying oven 15 as a dryer, as shown in FIG. 1.

[0028]“ The current collector foil 2 is a sheet-shapéd electrode base which is thin
and continuous and iS for use in producing eléctrodes for secondary batteries. The current-
collector foil 2 is a metal foil (e.g. an aluminum foil for the positive electrode or a copper
foil fbr the negative electrode) on which a given electrode mixture layer 200 is to be
formed on one sidc or each side thereof (on one sidé in this embodiment) by the production
appafatus 1. |

[0029]  The conveyor 3 is a device for engaging the current collector foil 2, which

is being fed from a feed roller that is a current-collector-foil feed part (not shown) disposed
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upstream from the conveyor 3, with a plurality of rollers and for conveying the current -
coilect‘orv foil 2 at a given speed (2 m/min in this embodiment) to the binder appliCator 4,
powder molding device 5, mixture paste applicator 6, and drying oven 15 in this order.

The conveyor 3 is configured mainly of a plurality of guide rollers 3a, 3b, and 3c, a backup

roller 6a possessed by the mixture paste applicator 6, a feed roller (not shown) which is a

current-collector-foil feed parf, and a wind-ﬁp roller (not shown) which is a
current-collector-foil winding part. The wind-up roller has been disposed downstream

from the drying oven 15. As shown in FIG. 1, a current collector foil 2 is set in the

~coniveyor 3 to thereby constitute a conveying path for the current collector foil 2. A given

length of the current collector foil 2 has been wound on the feed roller beforehand, and the -
curreht'colleqtor foil 2 unwound ffom the feed roller runs on the plurality of guide rollers
3a, 3b, and ‘39 and is engaged with the ‘pcripheral surface of the backup roller 6a. The
current collector foil 2 sent from the backup rollef 6a passes through the drying oven 15 |
and is then Wound on thé wind-up roller. Thus, when the wind-up roller is rétdted at a ’
given speed by a driving deyice (not shown), thén the current collector foil 2 wound on the

feed roller is unwound therefrom and is conveyed first to the binder applicator 4,

‘ S}ibsequently conveyed to the powder molding device 5 via the guide rollers 3a and 3b, ahd

_then conveyed to the mixture paste applicator 6 via the guide roller 3c. The current

collector foil 2 is conveyed while the back side theredf is being supported by the peripheral
surface of the backup roller 6a, and is conveyed so as to face a die coater 6b. The current

collector foil‘2 which has passed through the mixture paste applicator 6 passes through the -

. drying oven 15 and is then wound by the wind-up roller. Namely, by rotating the wind-up -

roller by the ciriving device (not shown), the conveyor 3 can be made to convey the current
collector foil 2 éldng thé conveying path at a given speed to the binder aipplicator 4,
powder molding device 5, mixture paste applicator 6, and drying oven 15 in this order.

| [0030] - The binder applicator 4 is a gravure coater which has been disposed
upstream in the conveying path of the current collector foil 2 in the production apparatus 1

and with which a slurried binder 20 can be applied to one side (front surface) of the current

-collector foil 2 in a predetermined loading. The binder applicator 4 includes a rotatable

i
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press-bonding roller 7, a gravure roller 8 to be pressed against the press-bonding roller 7
through the current collector foil 2, a reservoir tray 9 for reserving the binder 20, and a

blade 10. The binder applicator 4 can apply a slurried binder 20 to one side (front

. surface) of the current collector foil 2 sent from the feéd,roller (not shown), by means of

the press-bonding roller 7 and the gravure roller 8.

- [0031] Spécifiéally, part (lower part) of the gravure roller 8, which has been
disposed on the 1owcrbside of the cﬁrreni’collector foil 2 being conveyed along the
conveying path, is immersed in the binder 20 inside the reservoir tray 9, and the binder 20
is applied to one side (front surface) of the current collector foil 2. The press-bonding
roller 7 has been ‘disp'osed .on\thc‘ upper side of the current collector foil 2 so that part

(lower part) thereqf is presséd against the other side (back surface) of the current collector

foil 2. The gravure roller 8 bears a so-called given gravure pattern on the peripheral

surface thereof, and the gravure pattern has been fornﬁed by given engraving. The
gravure roller 8 rotates in the‘ direction 6pposite from the conveying direction of the éufreﬁt
collector foil 2 by means of a driving device (not shown). | As the gravure roller 8 ;otateé,
the binder 20 inside the reservoir tray 9 adheres to the peripheral surface of the gravure
roller 8, and the binder 20 which hés adhered to the gravure roller 8 is partly scréped off by
the blade 10 sO that the binder 20 remains adherent thereto in a given émount. The
gravure roller 8 having the binder 20 adherent in the gi\;en amount to'the peripheral surface
thereof is pressed against one side (front surface) of the current_'collector‘ foil 2, thereby
applying (pattern-wise applying) the binder 20 to the side (front surface) of the current
collector foil 2 in a given amount so as to form a giveﬁ pattern. Thus, with the binder

applicator 4, a binder layer (binder coat) 100 is formed on one side (front surface) of the

“current collector foil 2. In the electrode (electrode sheet) according to this embodiment,
- the binder layer 100 formed by the binder applicator 4 constitutes the lowermost layer of

“the electrode mixture layer 200, as will be describéd later in detail.

[0032] The powder molding device 5 has been disposed downstream from the
binder applicator 4 in the conveying path of the current collector foil 2 guided by the guide

roller 3b and the guide roller 3c. The powder molding device 5 is a device that
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continuously feeds granulated particles 21, which are a powdery electrode rni)iture, to the
current collector foil 2 which is being c_onveye”d along the conveying path and that
press-form (compression-form) the current collector.foil 2 to which the granulated particles
21 have been fed, thereby forming a molded-powder layer 110 composed of the granulated
particles 21. The powder molding device 5 is configured mainly of a powder feeder 1‘1, a
ﬂattening device (squeegee 12) and a molding device l3 as shown in FIG 1. The'y
granulated particles 21, which are a powdery electrode mlxture are formed by the spray

dryer (not shown) which will be described later, Although the powder molding device 5

' according to this embodiment has a configuration including a flattening device, the powder

rnolding device is not particularly limited to the' configuration according to this

embodiment. Namely, the flattening device of the powder molding device 5 is not

-essential.

[0033] The powder feeder 11 is a deyice which feeds the granulated particles 21,
which are a powdery_l electrode mixture, to the current collector foil 2 and which forms the
fed granulated particles 21 into a stack layer on the current collector foil 2. | The powder
feeder 11 is capable of contmuously feedmg a powder of granulated particles 21 at a -
constant rate to the surface of the current collector foil 2 and stackrng the granulated
particles 21 on the current collector foil 2. \ |

3  [0034] The conveyor 3 is a device for conveying the current collector foil 2 to the
powder feeder 11, squeegee 12, and rnolding device 13 in this order in the powder molding
device 5. By driving the driving device (not shown), the conveyor 3 can be made to
convey downstream the granulated particles 21 fed to the current collector foil 2 from the
powder feeder 11. | | |

[0035] The squeegee 12 is a blade member which has been disposed downstream
from the powder feeder 11 and has a sharp edge, the squeegee 12 having been disposed and
afflxed so that the edge points downward and that the space between the edge 'and the
surface of the current collector foil 2 has a given gap. The squeegee 12 1is a device for
flattening the granulated particles 21‘ fed to the surface of the current collector foil 2 by the

powder feeder 11 and for thereby forming a stack layer which is composed of a powder of
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the granulated particles 21 and has a thickness of the same di_mensibﬁ as the giv:eﬁ gap.

[0036] The molding device 13‘ is a pfess-molding device of a roll type disposed
downstregm from the squeegee 12 and has a plurality of rotatable press rollers 13a and 13a.
In this émbodiment,» the press rollers 13a and 13a are two pressing rollers arranged
vertically.- With the moiding device 13, the current collector foil 2 havi.ng, formed
thereon, the Stack layer of the granulated particles 21 can be heated and pressed »in the
current-colléctor-foil thickness direction by inserting the current collector foil 2 between
the vertically arranged two press rollers 13a and 13a. The so-called roll pressing is
possible.  Specifically, in the molding device 13, the current collector foil 2 having,
formed thereon, the powd‘er stack layer compbsed of the | granulated particles 21 is
roll-presséd under given hot pressing conditions (heating temperature, pressing pressure)
while the currént collector foil 2 is being sandwiched between the press rollers 13a and 13a
and the press rollers 13a and 13a are being rdtated in the directions opposite to cach other.
Thus, it is possible to form a molded-powdér layer 110 having a thickness and a density
(electrode density) which have been suitably regulated, on the current colleétor foil 2 to be
discharged from the downstreé\m end .of the molding‘ device 13. In thé, eiectrode

(electrode sheet) according to this embodiment, the molded-powder layer 110 formed by

‘the powder molding device 5 constitutes the lower layer of the electrode mixture layer 200,

as will be described later in defail. In this powder molding deyice"S, a powder of the

‘granulated particies 21 is fed to and superposed on the surface of the binder layer 100

formed from the slurried binder 20 applied to the current collector foil 2 by the binder

applicator 4, and is roll-pressed to thereby form the molded-powder layer 110 on the binder

| layer 100. ’Altho'ugh the powder molding device 5 according to thjs embodiment has a

‘configuration including a molding device 13 (hot press), the powder molding device is not

particularly limited to the configuration according to this embodiment. Namely, the
molding device 13 (hot press) of the powder molding device 5 is not essential.

[0037] - The mixture paste applicafor 6 is a device for appl’ying an electrode
mixture paste 23 which is a pasty electrode mixture including én electrode active material,

a binder, a solvent, etc., on the molded-powder layer 110 (lower layer), which is composed
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of a powder of granulated particles 21 including an electrode active material and a binder.
The mixture paste applicator 6 is configured mainly of a/bac]l<up roller 6a, a die coater 6b, a
pundp 6¢, and a tank 6d, as shown in FIG. 1. Although the mixture paste applicator 6
according to this embodiment has, a configuration including a die coater 6b, the mixture
paste applricator is not particularly limited to the configuration according to this
embodiment. Namely, the die coater 6b of the mixture paste applicator 6 is not essential. .
[0038] The backup roller 6a has‘been disposed s0 as to face the die coater 6b and
is a roller that supports the other side (back ‘su»rface) of the current collector foil 2. The
die coater 6b has an ejection opening that delivers the electrode mixture paste 23 to the
current collector foil 2. The pump 6¢ is a pump that feeds the electrode mixture paste 23
to the die coater 6b from the tank 6d. The tank 6d is a vcontainer that reserves the
electrode mixture paste 23.
| [0039]  When the mixture paste applicator 6 is operated, the electrode mixture
paste 23 reserved in the tank 6d is first sucked up by the pump 6¢. The electrode mixture
paste 23 is then fed to the die coater 6b from the pump. 6c and fed, through the ejection
opening of the die coater 6b; to one side (front surface) of the current collector foil 2
suppotted by the'backul-)‘ roller 6a. In the mixture paste applicator 6, the electrode
mixture paste 23 is fed to and superposed on the surface of the rn'olded-powdet layer 110
formed over the current collector foil 2 by.the powder molding device 5. The die coater
6b can continuously apply the electrode mixture paste 23 to the current collector foil 2 that
is moving along the peripheral surface of the backup roller 6a.

[0040] The current collector foil 2 coated with the electrode mixture paste 23 by

the mixture paste applicator 6 is conveyed downstream from the mixture paste applicator 6

in the direction shown by the arrow, and is introduced into the drying oven 15. The

current collector foil 2 coated with the electrode mixture paste 23 enters the inside of the

d‘rying oven 15 through the inlet of the drying oven 15. In the drying oven 15, hot air is

blown against the current collector foil 2 coated with the electrode mixture paste 23,
thereby vaporizing the solvent contained in the electrode mixture paste 23. Thus, the

electrode mixture paste 23 can be dried.



10

15

20

25

WO 2014/207526 PCT/IB2014/001094
13

[0041] ' The spray-drying device (not-shown) is a deviee for obtaining granulaied
particles by spray-drying an electrode mixture paste produced using ingredients for an
electrode mixture -which include an electrode active material, a conductive material, a.
binder, etc. and using a‘ solvent for dispersirlg the ingredients. Examples of such
spray-drying device include a spray dryer that performs spray dryirrg by the spray drying
merhod. With the spray dryer, an electrode mixture paste can be instantly dried to obtain
granulated particles 21, by spreying the paste to form fine droplets thereof and bringing the
droplets into contact with hot air. -

[0042]  Next, a process according to one vembodiment of the invention for
producing an electrode for secondary batteries using the production abparatus 1 described
above is explamed ' |

[0043]  The process accordmg to this embodrment for producing an electrode for
secondary batteries is a process for producing a sheet-shaped electrode. The sheet-shaped
electrode‘ includes a current collector foil 2 and, formed thereon, a binder layer 100 made
of a binder 20, a molded-powder layer 110, and a mixture paste layer 120. The
molded-poWder layer 110 is formed on the binder layer 100 and composed of granulated
particles, 21. The niiXture paste. layer 120 is a pasty electrode mixture containing an
electrode active material and a binder, and the mixture paste layer 120 is obtained by
applying the pasty electrode mixture to the surface of the molded- powder layer 110 and
drymg the pasty electrode mixture. ThlS process for producing an electrode for secondary

batteries mainly includes a binder ’application step S10, a powder molding step S20, a

mixture paste application step S30, and a drying step S40 as shown in FIG. 3, the steps

being conducted in this order. The process according to this embodiment for producing

‘an electrode for secondary batteries is conducted using the production apparatus 1. In

preparation for the production of an electrode for secondary batteries using the production
apparatus 1, it is necessary to prepare, in advance, the granulated particles 21 and electrode )
mixture paste 23 to be fed to the producrion apparatus 1. So, first, a granulated-particle |
preparation step and an electrode-mixture-paste. preparation step are explained as

preparation steps for the process for producing an electrode for seCOndary batteries. The
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steps are specifically explained below.
[0044] The granulated-particle preparation step is conﬁgured of a paste
production step and a granulafion step. - '
[0045]  The paste production step is a step in which an electrode mixture paste is -
produced using ingredienté for an electrode mixture including an electrode active material,
a conductive material, a binder, etc. and using a solvent for ’dispersin‘g the ingredientsv
therein, in a given ratio so as to result iﬁ a given solid content.

[0046] As the dispersion solvent, use can be made of organic solvents such as

| N-methyl-2-pyrrolidone. (NMP), dimethylformamide (DMF), and dimethylacetamide

(DMA) and water (purified water, etc.).

[0047]  The granulation step .is a step in which the electrode mixture paste ’

obtained in the paste production stép is used to form granulated particles 21. Specificéllly, -

the granulation step includes: using, for example, a spray dryer for spréying and thermal

drying by the spray drying method to spray and thermally dry the electrode mixture paste

and thereby obtain granulated particles; and disaggregating and classifying the granulated

particles to produce granules that have given properfies, such as particle diameter and bulk
density, which are required of the granulated particles 21. Incidentally, the paste

production step and granulation step described above are steps to be conducted in

| preparation for starting powder molding in the powder molding step S20. The step for

preparing an electrode mixture paste 23,- which is for use in the Iﬁixture paste applicator 6,
is the same step as the paste prod{lction. step, and an explanation thereof is hence Qmitted.

[0048] The binder application step S10 is a step in which a slurriéd bin.de'r 20 is
applied by the binder applicator 4 to one side (front surface) of a current collector foil 2 in
a predetermined loading. In this binder application step S10, a binder layer (binder coat)
100 is formed on one side (front surface) of the current collector foil 2, as shown in FIG. 2.
The curreht collector foil 2 havjng the binder 1ayer4100 formed by applying the slurried
binder 20 in the binder application step S10 is subsequently conVeyed to the powder
molding device 5. - _— \

[0049] The powder molding step S20 is a step in which the powder molding
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device 5 continuously feeds granulated particles 21 serving as a pbwdery electrode mixture
to the current collector foil 2 that is beihg conveyed along the conveying path, and

press-forms (compression-forms) the current collector foil 2 to which the graﬁulated

particles 21 have been fed, thereby forming a molded-powder layver 110, which is the lower

-' layer of an electrode mixture layer 200. Specifically, in the powder molding étep S20, .

granulated particles 21, which are a powdery electrode mixture including at leastrah
ele’ct'rode active material and a binder, are fed to ana_stacked on the surface of the binder

20 (binder layer 100) applied to the current collector foil 2 in the binder application step |
S10, and thereafter the stacked particles are mqlded by hot pressing, theréby forming a

molded-powder layer 110 composed of the granulated particles.21. The powdef molding

| step S20 is a step conducted using the powder molding device 5 and is configured of é

feeding step, a flattening step, and a molding step. .
[0050] The feeding step is a step in which the powder of granulated particles 21

obtained in the granulation step is fed to the surface of the current collector foil 2 by the

powder feeder 11 possessed by the powder molding device 5, and the granulated particles

21 are disposedv as a stack layer over the current collector foil 2.

[0051]  The flattening step is a step in which the powder of granulated particles 21

‘ fed to the surface of the current collector foil 2 by the powder feeder 11 is flattened using |

the squeegee 12 so that the‘ surface of the powder becomes even, thereby forming a stack
layer of the granulated particles 21 that has a thickness ofvthe same driménsion as the space
between the edge of the sqﬁ;:egee 12 and the surface of the current collector foil 2, the
\./'.

- [0052]  The molding step is a step in which the current collector foil 2 having,
over the surface thereof, the powder stack léye: comesed of the granulated particles 21 is
hot-pressed b‘y the m(ﬂding device 13 under given hot pressing conditions (heating
temperature, pressing pfessure), that is, heated and simultaneously pressed‘in the thickness

direction of the stack layer, thereby forming a molded-powder layer 110 that is thinner than

the stack layer of the granulated particles 21.  After completion of the molding step, the -

current collector foil 2 having the mdldéd=p0wdef layér 110 formed as the lower layer of
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the electrode mixture layer 200 is then conveyed to the mixture paste applicator 6. \ ’
[0053]  The mixture paste application step S30 is 2 step in which by the mixture
pasté applicator 6, an eléctrode» mikture paste 23 is applied to and superposed on the

surface of the molded-p‘owder layer 110 formed over the éurrent collector foil 2 through

~ the binder layer 100 in the powder molding step S20. The current collector foil 2 cdated

with the electrode mixture paste 23, which is pasty, in the mixture paste ap‘plication step
S30 is then conveyed to the drying ovenl 1‘5 . |

[0054] Th_e drying step 840 is a step in which the current collectbr foil 2 coated
with tﬁe, electrode mixture péste 23 in the mixturc paste application vstep S30 is dried in the
drying oven 15. In this drying step, the solvent contained in the electrode mixture paste
23 is volatilized an‘d the electrode mixture paste 23 is dried, thereb’y forming va mixture
paste layer 120. Thus, an electrode (electrode sheet) including a current collector foil 2
and, superposed thereon iﬁ the following order,. a binder layer 100 serv‘ing as the
lowermost layer of an electrode mixture layer 200, a _molde\d-powde‘r layer 110 serving as
the lower layer thereof, and a mixture paste layer 120 serving as the upper layef thereof is
produced by thé process according to this embodiment for produéing_ an_électrode for
secondary batteries. - |

~ [0055] The electrode for secondary batteries produced by the secondary-battery

electrode production process described above according to this embvodiment has an
electrode structure such as the structure of an electrode mixture layer 200 shown in FIG. 2.
The eleétrode mikture layer 200, which has been formed on ‘a current collector foil 2, is
cohfigured of a-bindevr layer 100 corresponding to the lowermost layer of the eiectrode
mixture layer 200, a molded-powder layér 110 tha_t has been disposed on the bindér layer
100 and corresponds to the lower layer (first mixture layer) of the electrode mixturé'layer
200, and a mixture paste layer 120 that has been disposed on the molded-powder layer 110
and corresponds to the upper 'layer (second mixture layer) of the electrode mixture layer
200. | |

[0056]  The binder layer 100 is a layer portion of the eleétrodé structure, the layer

portion corresponding to the lowermost layer of the électrode mixture layer 200 and having
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been prdduged by pattern-wise applying a binder 20 to the surface o‘f the current colléctor
foil 2. The binder layer 100 is é layer disposed between the current collector foil 2 and
the molded-powder layér 110, which corresponds to the lower layer of the electrode
mixture layer 200, and is a layer made of a binder 20. The_birrder layer 100 is produced

by applying a binder 20 in a given pattern (e.g. stripe pattern) by means of a gravure coater ‘

‘which is a binder applicator 4. The binder layer 100 is disposed in order to ensure the

adhésion and electrical conduction between thé molded-powder layer 110, which includes
granulated particles 21, and the surface of the current collector foil 2. Although .the
electrodé mixture layer 200 according to this enrbodiment has a configuration including a
binder layer 100, the electrode mixture layer is not particularly iirnited to the configuration
according to this embodimentf Namely, the binder layer 100 may be disposed, as‘
appropriate, according to need, and is not essential to the electrode mixture layer 200.

[0057] The molded-powder layer 110 is a first minure layer obtained by stacking

-« granulated particles 21 constituted at least of an active material and a binder. Namely, the

molded-powder layer 110 is the layer portion of the electrode structure which has been

formed by poWder molding over the current collector foil 2 and which corresponds to the

~ lower layer (first mixture layer) of the electrode mixture layer 200. Here, the powder.

molding means an electro‘de production method which includes producing beforehand
granuiated particles which include an active material, stackirlg these granulated particles
over a current‘colléctor foil 2, and pressing fhe stack. |
[0058] The.molded—powder layer 110 is a layer which has been disposed over the
current coller:tor foir 2 through the binder layer 100 and whiéh is made r)f' a powder o f '
granulétéd particies 21 that include an electrode active material and a binder. Théli’
molded-powder layer 110is a l'ayer produced by powder molding from granulated particles
21 that are richer in .binder than the mixture paste layer 120. Namely, the loading of the
binder.contained in the molded-powder layer 110 is larger than the loading of the binder
contained in the mixture paste layer 120, which overlies the molded-powder.layer 110.
The binder content ofrthe molded-powder fayer 110 is r)referably about 1.0 t0 5.0 wt%. In

the case of a negative_e'lectrode, the molded-powder layer 110 is formed’by producing
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. granulated particles which include an active material, a binder, and a thickener, stacking

‘the granulated particles over a current collector foil 2, and pressing the stack. In the case

of a positive electrode, the molded-powder layer 110 is formed by producing granulated

particles which include an active material, a binder, a conductive material, and a dispersant,

stacking the granulated particles over a current collector foil 2, and pressing the stack. By

employing the configuration wherein the binder content of the molded-powder layer 110 is

‘higher than the binder content of the mixture paste layer 120, which overlies the

m0'lded;powder layer 110, as described above, the binder can be held more reliably in the
vicinity of the current collector foil 2 and, hence, this electrode configuration is made to
have improved peel strength between the current collector foil 2 and the électrode mixture
layer 200. In this embodiment,-although the binder con‘stituting the binder layer 100 is
the same as the bindé'r contained in the granulated particles 21 used in the molded-powder

layer 110, the binders are not particularly limited. Binders of different kinds may bé also

~ used.

[0059] The mixture paste layer 120 is a second mixture layer obtained by
applying, fo the surface of the molded-powder layer 110 serving as the first mixture layer,
an electrode vmixture paste 23 produced by kneading at least an active material, a binder,
and a solvent and thereafter drying vther electrode mixture paste. Narhely, the mixture
paste layer 120 is the layer portion of the eléctrode structure which has been formed by
paste application on the surface of the molded-powder layer 110 serving as the first
mixture layer and which corresponds to the upper layer (the second mixture layer) of the
electrode mixture layer 200.‘ The mixture paste layer 120 is a !ayef which has been
formed, on the surface of the molded-powder layer 110 composed of the granulated
particles 21, by applying and drying an electrode mixture paste-23, which is a pasty
electrodé mixture containihg an electrode active material and a binder: A pressing step
may- be added according to need. In the case of a negative electrode, the mixture paste
layer 120 is formed by producing a paste which contains an acti-ve material, a binder, and a

thickener, applying the paste to the surface of the molded-powder layer 110, and drying the

- paste. - According to need, a pressing step may be conducted after the drying. In the case
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of a positive electrode, the mixture paste layer 120 is formed by producing a paste which
contains an active material, a binder, a conductive material, and a dispersant, applying the
paste to the surface of the molded-powder layer 110, and drying the paste. According to

need, a pr‘es‘sing step may be conducted after the drying. - The mixture paste layer 120 is a

- layer formed by application of an electrode mixture paste 23 and so as to have a lower

binder content than the molded- powder layer 110. The mrxture paste layer 120 is made to
have the configuration wherein the content of the binder is lower than the content of the
binder of the molded-powder layer 110, which underlies the mixture paste layer 120. The
binder content of the mixture paste layer 120 is preferably about 0.5 to 4.0 wt%.

[0060] In the electrode mixture layer 200, it is preferable that the weight ratio

(mixture-layer loading ratio) of the two layers, i.e. the molded-powder layer 110 as the

10wer layer and the mixture paste layer 120 as the upper layer, be 10:90 to 90:10.

[0061] Inc1denta11y, although the electrode mixture layer 200 in this embodiment.
has a configuration including a blnder layer 100 that corresponds to the lowermost layer,
the configuration is not particularly limited. If the brnd_er layer 100 is provided, the
binder will thickly accnmulate on the current collector foil 2 and ensure a peel- strength‘ of
the electrode mixture layer 200. | It is possible to omit the binder layer 100 as a |
constrtuent layer of the electrode mixture layer 200.

[0062] In the manner descrlbed above, an electrode for secondary batterles whlch”

“has the electrode structure, i.e. the structure,of an electrode mixture layer 200, can be

produced. Next, a negative electrode (negative-electrode sheet) was produced as an

Example of the electrode for secondary batterres in accordance with the process descrlbed
above for producing an electrode for secondary. batteries and using the production
apparatus 1 and spray-drying device mentioned above, and this negative electrode was
used to evaluate battery characteristics. ~ The Example and Comparative vExamples

therefor are given below to explain. the invention. Although a negative electrode is

“explained below as an example of the electrode for secondary batteries according to this

“embodiment, the electrode of the invention is not particularly limited. The configuration

of the electrode for secondary batteries according to this embodiment can be applied also
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to pbsitive electrodes (positive-electrode sheets).
[0063] In Example, first, three ingredients for an electrode mixture, i.e. a graphite

as a negative active material, a binder constituted of an SBR, and CMC as a thickener, -

were mixed. together in a given ratio, and this mixture was dispersed in water as a

dispersion medium so as to result in a solid content of 50 wt%. According to the given
ratio in tﬁis Example, the amo‘unt of the' SBR was 5 wt% relative to all the
electrode-mix‘ture ingr¢dients. Theée ingredients were kneaded using a kneading device
(planefary mixer) to produce an electrode' mixture paéte for ‘a granulation step.
Incidentally, for an electrode mixture paste 23 to be used in the mixture paste applicator 6,

the same electrode-mixture ingredients and dispersion medium as those for the mixture

| paste produced in the above-described paste production step were used. However, the

electrodé mixture paste 23 was produg:éd so that the amount of the SBR contained fherein
as a binder was 1 wt%. The procedur.eb described above is a paste production step.

‘[0064] The electrode mixture paste obtained in the paste production step waé
subsequently sprayed .in a furnace by the spray drying method using a sprayv drycr under
given in-furné'cc temperature conditions and was simultaneously dried with hot air to

obtain granulated particles. These granulated paftiélés were disaggregated and classified

- with a given appropriate device to thereby obtain granul_atéd particles 21 having a desired

average particle diameter and a desired particle diameter distribution. For the
disaggregation of granulated particles, a conventional method using, for example, a ball
mill can be used. The procedure described above is a granulation step.

- [0065]  Next, a slurried binder 20 (SBR in this Example) was applied to one side

v(front surface) of a current collector foil 2 by means of the binder applicator 4 in a

predetermined loading. This procedure corresponds to the binder application step S10
shown in FIG. 3. | | _ |
- [0066]  Subsequently, with the powder molding device 5, the granulated particles

21 serving as a powdery electrode mixture were continuously fed to the current collector

foil 2 that was being conveyed alohg the conveying path, and the current collector foil 2 to

which the granulated particles 21 had been fed was press-formed (compression—formed).
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Thus, a molded-powder layer 110, which was the lower layer of an electrode mixture layer
200, was formed. This procedure corresponds to the powder molding step S20 shown in |
FIG. 3. | |

[0067] The electrode mixtufe paste 23 was then-applied to and superposed on the
molded-powder layer 110 formed over the curren.t collector foil 2 through the binder layer

100, by means of the mixture paste applicator 6. This procedure corresponds to the

mixture paste application step S30 shown in FIG. 3.

[0068] = Next, the current collector foil 2 coated with the electrode mixture paste

23 was passed through the drying oven 15 to dry the electrode mixture paste 23. This

procedure corresponds to the drying step S40 shown in FIG. 3. Thus, a n’cgétivé electrode
(negative-electrode sheet) ééco'rding “to Example which was configured of a current
collector foil 2 vand', superposed thereon in the following order, a binder layer 100 as the
lowermost layer of an electrode mixture layer 200, a molded-powder layer 110 as the lower

layer (first mixture layer) thereof, and a mixture paste layer 120 as the upper layer (second

. mixture layer) thereof was produced by the prdcess‘ according to this embbdiment for

producing an electrode for secondary batteries. This negative electrode was produced so
that the loading of :[he molded-powder layer 110 was 80% of a target mixture-layer‘loading
and that the loading of the mixture pasfe Iayer 120 was 20% thereof. Namely, the
negative electrode was produced so that the weight ratio ‘(10>adi’ng ratio) of the
molded—powder layer 110 to the fnixture paste layer 120 was 80:20. By thus making the
loading of the molded-powder layer 110 as the first mixture layer larger than the loading of

the mixture paste layer 120 as the second mixture layer, the amount of the paste to be

applied can be reduced and the solvent amount and drying time necessary for paste

application can be reduced. Thereafter, the ncgaﬁve electrode (negative-electrode sheet) -

according to Example and a g'iven‘positive electrode. (positive-electrode sheet) prepared
* beforehand were cut into respective sizes so as to result in a given value of battery design

~ capacity, and the negative electrode and the positive electrode were then disposed so as to

face ea_ch other through a separator, thereby forming an electrode assembly. Furthcrﬁlore,

the electrode assembly was introduced into a container together with an clectfolytic
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" solution, and the container was sealed 'by laminating, thereby obtaining a lithium-jon

secondary battery of the laminate cell type. Thus, a battery for evaluation according to

‘Example was produced. The given positive electrode was one produced by a

conventional production process by applying an electrode mixture paste to a current

!

collector foil (aluminum foil) and drying the paste. The -electrode mixture paste was

‘produced by mixing three ingredients for an electrode mixture, i.e. a positive active

material, a conductive material constituted of AB, and a binder constitut¢d of PVDF, in a

given weight ratio and dispersing the mixture in a given dispersion medium. The positive

active material in this Example was a lithium-cbntaining ternary 'E:omposite oxide

cbmposed of a nickei-iithium composite oxide (LiNiO,), a manganese-lithium composite

oxide (LiMnOy), and a cobalt-lithium composite oxide (LiCoOz). The given dispersion

medium i‘n this Examp]e was NMP. o

\ [0069] | In Comparative Example 1 was prepared a battery for evaluation which

Was equipped with an electrode (coated type electrode) having an electrode mixture layer

formed merely by application of a mixture paste. The negative ”electrod_e acCording to

Comparative Example 1 was pfoduced in the fqllowing ménner. ‘The same ingredients for

an eiectrode mixture as in Example were mixed togethef in a given ratio, and the mixture
Was diépersed in water as a dispersion medium so as to result in a solid content of 50 wt%.

These ingredients were kneaded using a kneading device (planetary 'ﬁlixer) to produce an

electrode mixture paste. Thié electrbde mixturé paste was applied, in the paste state, to a
surface of a current collector foil and dfied. The negative electrode according to

Comparative‘ Examplé 1 vwas_one in which the electrode mixtufe layer on the current‘
collector foil had a single-layer structure obtainéd by applying and drying the electrode

mixture paste. Furthermore, the negative el@ctrbdé according to Comparative Example 1

was one which contained the samé binder in the same ambunt as the negative electrode

according to Example. As the positive electrode, usé was made of the same positive

electrode as in Example. Using the negative electrode and the positive electrode, a

battery for evaluation 'aécording to Comparative Example 1 was produced in the same

manner as in Example.
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[0070] In Comparative Example 2 was prepa,red a battery for evaluation which
was equipped with an electrode having an electrode mixture layer formed merely by the
powder molding of granulated particles. The negative electrode aceording to
Comparative Example 2 was produced in the following manner. The same ingredients for
an electrode mixture -as in Example were mixed together in a given ratio, and the mixture
was dispersed in water as a dispersion medium so as to result in a solid content of 50 wt%. )
These ingredients were kneaded using a kneading device (planetary mixer) to produce an
electrode mixture paste. This electrode mixture paste was used to produce granulated
particles by the spray drying method. The granulated particles were fed to.a surface of a
current collector foil; and an electrode mixture léyer was formed therefrom on the current
collector foil iiby powder molding. The negative electrode according to Compafative
Exampie 2 was one in which the electrode mixture layer on the current collector foil had a
single-layer‘ structure obtained by the | powder molding of granulated part.icles.v

Furthermore, the negative electrode according to Comparative Example 2 was one which

contained the same binder in the same amount as the negative electrode according to

Example. As the positive electrode, use was made of the same positive electrode as in
Example. Using the negative electrode and the positive electrode, a battery for evaluation

according to Comparative Example 2 was produced in the same manner as in Example.

" The batteries for evaluation according to Ex'an'lple and Comparative Examples 1 and 2,

Which had been produced by the methods described above, were used to evaluate initial IV
resistance and cycling characteristics.

[0071] First, eveluation of initial IV resistance is ciescﬁbed. Each of the
batteries fer evaluation which was in a discharged state was charged at a constant current
of 1/5 C in a quantity correspondihg to 60% of the initial capacity, thereb-y reg'ulating the
state (_)f’ charge (SOC) of each:battery for ',e\l/aluation»to 60%. In the battery having an

SOC of 60%, a constant current of 1/3 C, 1 C, or 3 C was caused to flow for 5 seconds, and

the overvoltages during the charge and discharge were measured. These measured values .

were divided by the corresponding current values to calculate resistance values, the

average of which was taken as initial direct-current resistance. All-the operations
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described above were conducted in a 25°C environment. The results thereof are shown in
FIG. 4. FIG, 4 shows the results in which the value of initial IV resistance of the battery
for evaluation according to Corrrparative Example 1 was taken as 100. It was seen, as
shown in FIG. 4, that the battery for evaluarion according to Example had reduced
resistance as compared with the batteries for evaluation according to Comparative
Examples 1 and 2. It was understood from the results that the battery for evaluation
according to Exampile had satisfactory battery performance with reduced battery resistance
as compared with the batteries for evahiation'aCCOrding to Comparative Examples 1 and 2.
[0072] | Next, evaluation of cycling characteristics is described. At an ambient
temperature of 60°C, each of the batteries fcr evaluation was chargedvto 4.1V at a constant
charge rate of 2 C and lthen discharged to 3.0 V. at the discharge rate of 2C. This
charge/discharge cycle lias one cycle was repeated to conduct 200 cycles. Thereafter, the
discharge capacity of this battery was determined in the same manner as for the initial
capacity; this discharge capacity is referred to as after-cycling discharge capacity. By
dividing the after-cycling discharge capacity by the initial capacity, a capacity retention
[%] was calculated. Thus, the batteries for evaluation according to EXample and

Comparative Examples 1 and 2 were subjected to the cycle test. ~ As shown in FIG. 5, the

battery for evaluation according to Example showed satisfactory cycling characteristics as

compared with the batteries for evaluation according to Comparative Examples 1 and 2.
A cornparison between Comparative Example 1 (coated type electrode) and Comparative
Example 2 (electrode produced through powder molding) in the initial IV resistance shown
in FIG 4 indicates that Comparative Example 2 (electrode prr_)duced through powder
molding) exhibited a resistance-reducing effect. However, Comparative Example 2
(electrode produced through powder mclding) had a low capacity retention after the cycle
test as shown in FIG. ‘5 and was 'insufficient in‘ terms of ‘battery characteristics. = As
demonstrated above, the battery for evaluation according to Example was able to have a
capacity retention improved to a level not lower than that of the battery for evaluation
according to Comparative Example 1, which ernployed a coated type electrode, while

retaining the merit of being low in initial IV resistance.
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[0073] The invention has a feature wherein an electrode is produced so as to have
a two-layér structure, i.e. produced by forming an upper layer by paste application and a
lower layer by powder molding. As described above, according to the invention, due to

the formation of a moided-powder layer as the lower layer (first mixture layer) of an

electrode mixture layer, it becomes possible to reduce the resistance which utilizing the

merit of the electrode structure. Specifically, it becomes possible to reduce the resistance
becauég the penetrability by electrolytic solutions, orien'tatbion of the negative a‘ctibve
material, and disp/ersif)ility of the positive-electrode _coflductive material are ‘bettevr\ than
those of single-layer electrodes obtained by paste application, due to the electrode structure
6f the molded-powder layer constituting the lower layer of the electfode mixture layer.

[0074] In addition, due to formation of the upper layer (second mixturé layer) of
the electrode mixture layer by paste application, the unevenness in mixture-layer loading in |
the electrode can be made less, i.e. the ‘surface irregularities of the electrode can be made |
smaller, than that in the case of the molded-powder layer alone, fesulting in an
improvement in cycling characteristics. Consequently, due \tb an increase in)the range of
particle ﬂbwab'ility adoptable in the electrode materials for use in powde.r molding, the
electrode mixfure léyer not only can retain cycling characteristics but also exhibits a higher
resistancve‘-reducing effect than the molded-powder layer alone. | .

[(0075] = According to the invention, due to the formation of a molded-powder layer
as the lower layer (first mixtﬁrel layer) which is a constituent of an électrodé mixture layer,

improvements -are attained in penetrability by electrolytic solutions, orientation of the

‘negative active material, and dispersibility of the positive-electrode conductive material

and, ‘hence, the resistance is reduced. Furthermore, due to the formation of a mixture

I paste layer by paste applicatioﬁ as the upper layer (second mixture layer), the unevenness
in mixture-lz(yer loa_dirig in the electrode can be diminished as compared with the case of

the molded-powder layer alone, resulting in an improvement in cycling characteristics. In

addition, by making the loading of the mixture layer formed by powder molding larger
than that of the mixture paste layer, the amount of the paste to be applied can be reduced

and the solvent amount and drying time necessary for paste application can be reduced.
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[0076]  The invention is applicable -to secondary-battery electrodes having a
cdnfiguration which includes a current collector (current collector foil) and anvelectrode

mixture layer (active-material layer) formed on at least one side thereof.
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CLAIMS:

1. An electrode for secondary batteries, the electfode comprising:
a current collector foil; o
a first mixture‘ layer that is a layer of granulated particles accumulated on the current
~collector foil, the granulated particles containing at least an active material and a binder;
and | | |
a second nﬁxture layer that is a layér of a mixture paste applied to a surface of the
first mixture layer and then dried, the mixture paste being obtained by kneading at least an

-active material, a binder, and a solvent.

2. The electrode according to claim 1, wherein a loading of the first mixture layer is

larger than a loading of the second mixture layer.
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