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OF THE INVENTI ON This invention relates to a non-aqueous el ectrglyte
secongary cell and, nore particularly, to a non-aqueous electr y%%?ley
secondary cell enploylng a carbonaceouslnmaterial for its negative
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equi pnment, such as a video canera or an audio cassette, there is an

i ncreasi ng demand for a secondary 8etbndanycBeld usable repeatedly, to take
t he place of a prlnar ceII whi ch i s disposable. Mst of the secondary
cells; ndRACKGRQUND ;0F s KENYBRAAINM cel | s enpl oyi ng an alkallne
eIectronte solutJon The secondary cell however has a voltage

approxi nat el y 1038y ipEANLHQR | refla &ﬁffﬁﬂﬂt?t(PQQH%ﬁP?9R§en%?@?tﬁehgtﬁy
In addition é e secng % ﬁgl has a _def ect th%F it has a 8

sel f - di sche¢QRIPEY e GF g t@ﬁﬁ@rapﬁ5§%ﬁu¥ﬁﬁ %esstq hah ZB/npﬁﬂuﬁBHFh
Fore thls% ?fggggre éQ&Sﬁ&A é¥f;e@§1 3%1§P%ncg9%%93% §%§f@?§?§&§ﬁdfPtht

secondar y® oyT ng a noh-agueou on-as an €

nmet al suchtgs E% QiUH‘E?EcErBSQat'Ve el ectrode are proceeding. This
non- aqueous trolyte secondary cell has a high voltage of 3 V and hence
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rate and | i ghtness of weig However, 1f the non- aqueous el ectrol yte

~equipment, such as a video camera or an audio cassette, there is

an increasing demand for a secondary cell, which is wusable
-fepeatedly, to take the place of e-primary cell, which is
disposable. |

Most 6f the secondary cells, now in use, are nickel-cadmium
cells Employiﬁg-an alkaline electrolyte solution. The secondary
cell however has a voltage of appreximatelynl.z V such that it
is -difficult to raise the energy density. In addition, the
secondary cell has a defect that it has a high sélf—discharge
fate at ambient temperature of not less than 20% per month.

Fore this reason, investigations on a non—-aqueous
electrolyte secondary-eell employing a non;aqueous solution as
an electrolyte~and light metal such as lithium for a negative
electrode are proceeding. This non—aqueous electrolyte secondary

"cell has a high voltage of 3 V and hence a high energy density

aw(é'étl&l

so that it has such advantages as low self-discharge rate and

lightness of weight. However, if the non-aqueous electrolyte



2 secondary cell enploying lithiumfor its negative electrode is charged
and _di sgharged repeatedly, netal lithiumtends to undergo dendritic crystal
growth fromthe negative electrode untiJ it contacts with the positive
electrode. The result is shorting in the inside of the cell thus |eading
to diffizsetendsry ncelicempdbyingl iladhicm dfort hiscahégative hbbectrode is
consideration, investigations on a non-aqueous el ectrol yte secondary cel

i n whi chchaxged and ddisichpaged rapeatedlyst nesadntl thbun dandy §¢ undeyeps
used for the negative el ectrode are al so proceedi ng. However, such cell has
a defectdem@ritic er¥stel| growhinrfrem akhednegrdiyed alasdnads yuntht ) oy
constitutinﬁ t he negatjve electrode tends to be_conm nyted is_size, thus
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commi nution, contrary to the case of enploying netal |1thiumor I um
all oy aseib€trolyte secondary cell in which lithium is alloyed with other

metals and the resulting alloy is used for the negative electrode
are also proceedihg. However, suéh cell has a defect that, if
the cell 1is charged and discharged repeatedly, the alloy
constituting‘the négative électrode tends to.be comminuted is
size, thus again leading to difficulties in practical utilization
of the cell. - |

There is also proposed a non-agqueous elébtrolyte secondary
cell employing a carbonaceoﬁs material, such.as coke, as an
active negative electrode matqrial; This non—-aqueous electrolyte
secondary cell, exploitiné doping/undoping of lithium ions tp and
from the spacing between carbon layers, is not susceptible to
precipitation of metal lithium nor to alloy comminution, contrary
to the case of employing metal lithiuﬁ or lithium alloy as the
active negative electrode material. The result is optimum cyclic
characteristics of the cell. If a lithium/transition metal

composite oxide represented by IdxMoz, where M denotes one or

more transition metals and x is such that 0.05 < x £ 1.10, as an



active negative electrode material. The result is optinmumcyclic

char.acteristics of the cell. If alithiunitransition netal conposite
oxi de represented by Li[err]MJerr], where M denotés one or nore transition
netals and x is such that 0.05. [err] X ?[err] 1.10, as an . 3. active
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i s decreased in an anount
secondary cell, employing the carbonaceous material as the active
neéative electrode material, is inferior in energy density,
although it id superior in cyclic service life and safety.

One of the reasons therefor is that, if the carbonaceous
material ié employed as thé active negative electrode material,
powders of the éarbonaceous material are usua;ly kneaded with a
binder or a dispersant to form a slurry, which is then coated on
a current collector 6r is directly molded to form a-negative
electrode, so that the active material is decreased in an amount
corresponding to the binder content. In this case, the:binder
which does not contribute to the cell capacity accounts for 10
to 20% of the negative electrode. _

Although it is contemplated to improve the packing densitj
of the carbonaceous material to obviape such deficiency, it
cannot be raised beyond a certain limit wvalue, thus impediné
further increase in the energy density.

OBJECT AND SUMMARY OF THE INVENTION



corresponding to the binder content. In this case, the binder which does
not .cont.-i bute to the cell capacity accounts for 10 to 20% of the negative
el eCtrode. Although it is contenplateddfo i nprove the packing density of

t he carbonaceous material to obviate such deficiency, it_cannot be raised
beyond a certbFnV¥¢W1va§P@efQMQ&9hnmbed¥hglﬁu?th§%n¢h2?éa§BJPﬁttﬁé ddeér gy
density. OBJECT AND SUMVARY OF THE | NVENTI ON n view_of the foregoing,
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Obj ect, I nvent ors have C eager researcnes and arri ved
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on sintering a speciTic carbonaceous material and a negative el ectrode
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this carbon sintered nmass Wt hout enploying a binder. The present

i nventi oBondué®BR! 8b88r PESEErchEBOANA! &FFi V8804 € BN Ght Orefd th i that an
non- aqueous el ectrol yte secondary cel
agglomerated carbon sintered mass can be obtained on sintering
a specific carbonaceous material and a negative electrode having
'a high packing amount of an active material can be obtained using
this carbon sintered mass withoﬁt employing a binder.

‘The present . invention, completed based upon this
infdrmation, resides in a non-aqueous electrolyte secondary cell
having a negative electrode containing a carbonaceous material
as an active negative-electrode material, afbositive'electrode
and a non-aqueous electrolytic solufion, wherein the. negative
electrode is formed of a carbon sintered mass obtained on
sintering the carbonaceous material.

The negative electrode is made up of a carbon sintered mass -
obtained on sintering a carbonaceous material and a current
collector.

The present invention is -applied to a non—-agueous
electrolyte secondary cell.having a negative electrode formed of

the carbonaceous material as the active negative material, a

positive electrode and a non-aqueous electrolytic solution.



havi ng a negative el ectrode -containing a carbonaceous material as an active
negati ve-el ectrode nmaterial, a positive el ectrode and a non-aqueous

el ectrolytic solution, wherein the negative el ectrode is formed of a carbon
sintered nass obtained on sintering the carbonaceous material. The negative
el ect r odaceonddde tp dbheresenh aniian,ribe vegal hee eleeinede il tae
carbonaceous material and a current collector. The present invention 1is
appl i ed DBEZ-aguaRE RlRLEOLY kRt SSrPneaTy¥c Givddr yi8 e FPTRER R a2n&FHhare

el ectrode fqrned, of the cgarbonaceous material as the active negative
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to constitute the negative electro Such electrode is lowered in
to a desired electrode shape or held by a current collector to
constitute the negative electrode. Such electrode . is lowered in
the packing density of the active negative electrode material in
an amount corresponding to the amount of the binder employed,
such that the energy density of the éell cannot -be raised
sufficiently.

On the othér hand, if the negative electrode is constituted
by the carbon ;intered mass obtained on directly sintering the
carbonaceous material, the packing density of the active negative
electrode material is increased in an amount corresponding to the
amount of the binder which is now not used, as a result.of which
a negative electrode having a larger reaction area ma& be
produced. In addition, sintering leads to improved electrical
conductivity of the carbonaceous material, thus allowing_to lower
the internal resistance of the cell as cqmpared to the case of

_ employing a non-sintered carbonaceous matérial. Thus the use of
such negative electrode leads to improved energy density and

improved charging/discharging efficiency of the cell.



t he packing density of the active negative el ectrode material in an anount
correspondi ng to the anmount of the binder enployed, such that the energy
~density of ‘the cell cannot be raised sufficiently. On the other hand, if
t he negative el ectrode is constituted by the carbon sintered nmass obtai ned
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density ‘and i nproved chargi ng/ di scharging efficiency of the ce
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tenperature. As the starting carbonaceous material, such carbonaceous
coke, is employed. Alternatively, graphite, thermally cracked
carbons, cokes, such as petroleum coke, pitch coke or coal coke,
carbon black, such as acetylene black, vitreous carbon, sintered
organic high molecular materials, thaﬁ is organic high molecular
materials sintered in an inert gas stream or in vacuum at a
suitable temperature such as at 500°¢c or higher, or carbon
fibers, may be'mixed with the aforementioneq resin—containing
pitches, resins exhibiting high sinterabilit&, such as furan
resin, divinylbenzene or pﬁlyvin&lidene fluoride, to give a
starting mixture, which is sintgred.'The resin content in the
starting material is carbonized or volatilized off on‘sintering
to give a carbon sintered mass free of the resin content.

The volumé density of the sintered mass is preferably 0.8
to 1.95 g/ml. If the volumé densify is outside the above range,
the energy density of the cell cannot be increased sufficiently..

The negative electrode may be consﬁituted by such carbon
sintered mass carried by a current collector; The current

collector,. if used, leads to improved electrical conductivity of



material as contains an anmount of resin conponents, such as petrol eum
pitch, bi.nder pitch, high nolecular resin or green coke, is enployed.
Alternatively, graphite, thermally cracked carbons, cokes, such as
petrol eum coke, pitch coke or coal coke, carbon bl ack, such as acetyl ene
bl ack, vitheonegesinen, edpatepdd,org@nia KeghliolacuWiickat BRealnternal| s
organi ¢ high nolecular materials sintered in an inert gas streamor in
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collector,. 1f used, leads to inproved electrical conductivity of 7 the

negative el ectppgeerably, €Bel tustenhi 6b1iBetbNt €5N6t a material boiling
at a temperature higher than'lood C and difficult to alloy with
lithium, in order ﬁhat,.since the current collector is placed
under a sintering atmosphere reaching 1000' C, it is not melted
at sﬁch high temperature. Such material may be Enumérated by
copper, nickel, cobalt, iron, chromium, molybdenum, tantalum,_
tungsten, stainiess steel, titanium and mixtures thereof. Above
all, copper, nickel, stainless stgel, iron ot alloys thereof is

most preferred.

The melting points of these metals are shown in Table 1.



resi stance of the cell is |owered to suppress polarization during

chargi ng/ di schar gi ng. The negative el ectrode carried by the current

col l'ector of the negative el ectrode may be obtai ned by inserting a current
collector in the starting carbonaceous #mterial before conpressi on nol di ng,
and by carrying out the TABER elssi on nol ding and sintering in this state.
Preferably, the current collector is of a material boiling at a tenperature

hi gher than 1000/ err] C and diffficult to allox, (thi lithium in order that,
since t h¢-Npe oy Jubstances; t ol i ng at nosphere reaching
1000[ err] C&oﬁﬁefs not nelted|at suchidggh tenperatlure. Such material may
be enunerfared by COpper, nicKglr, cobalt, 1ron, chrofm um nolybdenum
t ant al um||_tohekebn stainless |steel . 34%5%nium and nf xtures t hereof. Above
all, copy el, stainlesg steel, n or alloypg thereof is nost '
pr ef errec——tf%gé—géu tng—porntsjof—t ||t:§]éé|§|gt ats—are—spown in Table 1. 8
TABLE 1 nerofh Subst ances ﬁhltlnq Posnt ([err] Q)i copper
1083 nic eIchromium 1455 fggglt 1492

molybdenum 2622

tantalum 2850

tungsten 3382

_stainless steel 1427 - 1471
titanium 1820

Since the current collectof occupies a small areé, it is
preferably a foil, mesh, expanded metal or punched metal provided
with pores capable of transmitting ions theréthrough.

According to the present invention, the carbon sintered mass
is employed as the negative electrode. On the other hand, the
materials usually employed fbr this sort of the cell may be
employed as the materials for the positive electrode and the
electrolytic.solution.

As an active positive electrode materiél, a compound
represented by Ligﬁh, where M denotes one or more transition
metals, preferably at least one of Co, Ni or Fe, with 0.05 < x
€ 1.10, is employed. Such active material may be enumeratgd by
compdsite oxides such as LiCoO_z, LiNiO2 and LiNino(l_y)Oz, where x

and Yy are such that 0.05 < x £ 1.10 and 0 < y < 1, and LiMngh.



I ron 1535 chrom um 1905 nol ybdenum

2622 tantalum 2850 tungsten 3382
st ai nl ess st eel 1427 - 1471 titanium 1820 Since
the current collector occupies a snall area, it is preferably a foil, nesh,
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Such active material may be enunerate y conp§5|te oxl des su
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that 0.05 [err] x [err] 1.10-and O <y < 1, and LiMferr](err]. 9

The electrolyte solution hitherto known may be employed,
provided that the solution is an electrolyte dissolved in an
organic solvent.

_ The organic solvents may be enumerated by esters, such as
propylene carbonate, ethylene carbonaﬁe or Y—butyrolactope,
ethers, such as diethylether, tetrahydrofuran, substituted
tetrahydrofuran, dioxorane, pyrane, derivatives thereof,
dimethoxyethane- or diethoxyethane, 3-substituted 2—-
oxazolidinones, such és 3-methyl- 2~oxazolfainone,'sﬁlforane,
methylsulforane, acetonitrile and propionitriie. These may be
used alone or as a mixture. |

The electrolytes. may be enumerated by lithium
perhydrochlorate, lithium boron fluoride, 1lithium phqsphorus
fluoride, 1lithium chloride aluminate, lithiﬁm halogenides;
trifluoromethané and lithium solfonate.

The shape of the cell aécording to the present invention may
be a card shape or a square shape employing layered electrodes,
such that it is not limited to the so-called coin or button

shape.



The conposite oxides nmay be obtained on m xing carbonates of |.ithium

cobalt or nickel, depending on the conposition, and subsequently si-ntering
the mixture in an oxygen atnosphere at gotenperature of from600 to

1000[ err] C. The starting material is not |imted to the carhonates and the
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t et rahydr | I 4 d tetrahydrofuran,  dioxorane, pyr ane,
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sul forane, nethyl sulforane, acetonitirile and propionitrile. These may be
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| it hi um perhydrochlorate, lithium boron fluoride, |ithium phosphorus

fluori de, thethinderhlthe degitiivienalectirode sorhaliogentescatrvohl siDnoerédane
and lithium sol fonate. The shape of the cell according to the present

i nventi ormany be improdedhipethe pasiiagedehspdyeofl dhien@dtdnes adaterial

el ectrodes, such that it is not l[imted to the so-called coin or button

shape. . by a value corresponding to the amount of the binder which is not
in use, thus giving a larger reaction area. In ‘addition,
sintefing leads to increased electrically conductivity of the
carbonaceous material to decrease the iﬁternal resistance of the
cell than in the case of using a non—éintered carbonaceous
material, thﬁs impfoving the energy density and
charging/discharging efficiency of the cell.*-

If the current coilector is unified to the carbon sintered
mass, the negative electrode is improved in electrical
conductivity, thus further imprdving the charging/discharging
efficiency. |

With the non-aqueous electrolyte secondary cell of the
present invention, since the negative electrode is constituted
by a carbon sintered mass obtained on sintering the carbonaceous
matefial, or a carbon sintered mass— current collector composite

material, the secondary cell is improved in the amount of the

active material packed in the negative electrode, energy density



10 Wth the non-aqueous el ectrolyte secondary cell according to the present
i nvention, the carbon sintered nmass, obtained on sintering a carbonaceous
material, is enployed as a negative el egfrode naterial . As conpared to the
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char gi ng/ di scharging efficiency. Wth the non-aqueous el ectrol yte secondary
cell of equeipmestnemphowangosecondesyt celidsgati ve el ectrode is constituted
BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 1is a schematic cross-sectional view showing an
embodiment of a coin-shaped cell according to the present
invention. |
ﬁESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention will be explained with reference to
illustrative Exémples applied to a coin-shapeg cell, based upon
experimental results. ' -
Example 1-1
A coin-shaped cell was produced in'the present Ex#mple as
shown in Fig.l. 1In the present Example, such coin-shaped cell
was produced in the following manner.
First, for producing a positive—-electrode pellet 4, lithium
carbonate and cobalt carbonate were mixed together at a molar
ratio of 0.5:1 and sintered in air for five hours at a
temperature of 900 C to produce agglomerated LiCob2 which then

was ball-milled and sieved to produce an active positive

electrode material having a mean particle size or mean volumetric



by a carbon sintered mass obtained on sintering the carbonaceous materi al,
or a carbon sintered mass- current collector conposite material, the

secondary cell is inproved in the anouqb of the active material packed in.
t he negative el ectrode, enéngi density 11 and in the '
char gi ngP8FrsdRargARGMELLFcPENL). HRf  above all, the carbon sintered nass-

current collegtor conposite material _is _enployed for the negative
Plnras R  PEELY
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upon experinental results. Exanple 1-1 A coin-shaped cell was produced in
the present pespapbeaapositive-electrode paste. This positive-electrode
paste was dried and molded to a disc shape 15.5 mm in diameter
to prepare a positive-electrode pellet 4.

Then, for preparing a negative-electrode sintered mass 2,
a binder pitch manufactured by OSAKA KASEI CO. LTD. under the
trade name of TGP 3006 was pelletized to a disc shape 16.5 mm in
diﬁmeter and cbmpression molded unﬁer a pressure of 1 t. The
molded product was sintered at a temperature of 1000° C for three
hours to produce a disc-shaped negative-electfode sintered mass
2 which was 16.00 mm in'diameter. The volume'density d of the
sintered mass was 0.8 g/ml.

An electrolytic solution was prepared by dissolving LiPF6 in
a mixed liquid of ethylene carbonate and diethyl carbonate at a
cohcentration.of 1 mol/liter.

The positive-electrode pellet 4 and the negative—electrode
sintered mass 2 were then housed in a positive-electrode can'6
and a negative-—electrode cup 1, respectively, and were layered
via a thin-film separator 3 of polypropylene in-between. The

. electrolytic solution was charged into the can which was caulked



shown in Fig.1. |In the present Exanple, such coin-shaped cell was produced
in the follow ng manner. First, for producing a positive-electrode pell et

4, lithium carbonate and cobalt carbonate were m xed together at a nol ar
ratio of 0.5:1 and sintered in air for &ve hours at a tenperature of
900[err] C to produce agglonerated LiCoJerr] which then was ball-mlled and
si eved tBipradEeekah BRcfio PTRMAY 2 PBeTSRRREG et} ] aBOHD; AF SipEeter

particle si.z r_nean lLugetric "12 particle dianeter of 10 [err]m 91
parts by® ighg B Lhi g'?‘&l?ﬁ‘i’m\?éspositive el ectrode material, 6 parts by

wei ght o raphite, as an electrically conductive material, and 3 parts by
wei ght X iyt dene fluoride, as a binder, were m xed together. To
the resul ting,m,xtyre ur r e et hyl : Py Iiggm? .

di sper sant toAprt')e%plg{ }h\é@%%ési tcite\r;g- e‘?%ct %%L@r%é”s e.lRTﬁ'lh% positi \q/%-ygl B2t r'ode
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sinteredifRghel £02 1BWAGY mAdidy manuf actured by OSAKA KASEI CO. LTD. under
the trade nanme of TGP 3000 was pelletized to a disc shape 16.5 mmin

di aneter and caapre€sSi thenpifi@drupiieenar@ressol ewad pelletildwd to a disc
shape 16.5 mm in diameter and compression molded at a pressure
of 2 t. The molded product was sintered in an inert gas for
three hours at a temperature of 1000' C to produce a negative-
electrode disc-shaped .sintered molded product 16.0 mm. in
diameter. The volume density of the sintered mass was 1.0 g/ml.
Example 1-3

A coin-shaped cell was prepared in tﬁé same way as in
Exampie 1-1 exceét preparing a negative electrode sintered mass
in the.following ménner.-

That is, the binder pitch TGP 3000 was pelletized to a disc
shape 16.5 mm in diameter and compression molded at a pressure
of 3 t. The molded product was sintered in an inert gas for
three hours at a temperéture of 1000 C to'produce a negative-
electrode sintered disc-shaped molded product 16.0 mm in

diameter. The volume density of the sintered mass was 1.2 g/ml.

. Example 1-4

A coin-shaped cell was prepared in the same way as in

Example 1-1 except preparing a negative-electrode sintered mass



nol ded product was sintered at a tenperature of 1000[err] C for three hours
to produce a di sc- shaped negative-el ectrode sintered mass 2 which was 16. 00
mmin dianeter. The volunme density d of the sintered mass was 0.8 g/m . An
el ectrolytic solution was prepared by dissolving LiPF[err] in a m xed
liquid of ethylene carbonate and diethyl carbonate at a concentration of 1
mol /1itein ¥he ﬁeé#pwaegeméeﬁweue pell et 4 and the negative-el ectrode

sintered nass were then housed in a positive-el ectrqode can 6 and a
negati ve- el ec’trpﬁaelﬁuptlie pérperi PYEEY, T%%oa%‘? é"’?%;?é*?le‘cftrﬂr%?da Yhigh: dr’~|SI"m
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was sintered in an inert gas for
diameter. The volume density of the sintered mass was 1.4 g/ml.
Example 1-5

A coin-shaped cell was prepared in the same way as in
‘Example 1-1 except preparing a negative-electrode sintered mass
in the following manner.

That is, the binder pitch TGP 3000 was pelletiied to a disc
shape 16.5 mm in diameter and compression molded ap-a pressure
of 5 f. The molded product was sintered ié'an inert gas for
three hours at a temperature of 1000' C to produce a negative-
electrode sintered disc—shaped molded product 16.0 mm in
.diemeter. The volume density of the sintered mass was 1.8 g/ml.
Example 1-86 |

A -coin—shaped cell was prepared in the same way as in
Example 1;1 except preparing a negative—electrode sintered mass
in the following manner.

That is, the binder pitch TGP 3000 was pelletized to a disc
shape 16.5 mm in diameter and compression molded at a pressure
of 10 t. The molded product was sintered in an inert gas for

three hours at a temperature of 1000 C to produce a negative-



three hours at a tenperature of 1000[err]C to produce a negative- el ectrode
di sc-shaped sintered nol ded product 16.0 nmin dianeter. The volune density
of the sintered mass was 1.0 g/nl. Exanple 1-3 A coin-shaped cell was
prepared in the sane way as in Exanple 151 except preparing a negative

el ectrod S S th follomnn ¢ [ r tch
TGP 300(?%\Nastr}tp°e‘ﬁ et {E?& I:teoQi a(ﬁ ({312@"&(1 }q&délr?e erlr}’gnog g%ﬁpresm on
nol ded su 0 I sSkBt& | pert
gas for q%J’nr eeg&%gur gﬁaet %%%?rp%%}gtgﬁ?g (gfckf%g ?er %]r\@?{no's%r 0 ugle ‘25 ?lgleglgt | ve-
electro@gﬁﬁgiéﬁfmbdlsc shaped nol ded product 16.0 mmin dianmeter. The

ensi

vol une y of _the sintered mass was 1.2 g/m . Exanple 1-4 A coi n-shaped
cel | was premrsdmnshapeaar&wywa% g Pt € ih- 1tIexXC8Rine PHARBA! bR £n
negati ve-el ectrode sintered nass 14 in the follow ng manner. That is,

t he bi ndatanpleh-TICRBMKX waceating | £ atbdat ivet slechanie bt éred mass
di amet er and conpression nolded at a pressure of 4 t. The nol ded product

was si ntix etthe nff@hlowing mmsnénr three hours at a tenperature of 1000[erﬂ
C to produce a negative-
First, the pitch coke was pulverized for 15 minutes to
powders in a vibrationlnill containing stainless steel balls 12.7
mm in diameter. The true density of the pitch coke was 2.03
g/cm3,'while the spacing of the (002) plane as found by X-ray
diffraction pursuant to the Léw for the Japan Society for the
Promotion of Science was 3.46 A and the crystal thickness along.
the C-axis Lc was 40 A. 'The mean particle size was 33 um.
50 wt% of powders of the pitch coke and 50°wt% of the binder
pitch TGP 3000 were weighed out and mixed togéther in a mortar.
The mixture was pelletiied to a disc-shaped pe;let 16 mm in
diameter and compression molded at a pressure of 3 t. The molded
product was sintered in an inert gas at 1000 C for three hoﬁrs
to give a disc-shaped negative-electrode Sintered mass 16 mm in
diameter. The volume density d of the sintered mass was 1!2
g/ml.
Example 1-8

A coin-shaped cell was prepared in the same way as in

Example 1-1 eXxcept preparing a negative-electrode sintered mass

in the following manner.



el ectrode sintered di sc-shaped nol ded product. 16.0 nmin diameter. The

vol une density of the sintered mass was 1.4 g/m. Exanple 1-5 A coin-shaped
cell was prepared in the sane way as in Exanple 1-1 except preparing a
negati ve-el ectrode sintered mass in thelfollowing manner. That is, the

bi nd itch TGP 3000 l.letized ' ") in_ d
and conbr essi o nBPRe8 FaaE R Ein, hepir SobuPSap SO oNZY i crpgl” vRe

sintered {0, 80 1080t 38T 08I0 8% AW S Al SAIRRLALUYE,0hc1088ker
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ape
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Exanple 1 coi n- shape repare

n the sane way as I n Exanp

1-1 excephiRtePar Wik apadalitivede! eet rode it asbdrmpe1hatt hesfHl Imv ng
- manner. That is,  the binder pitch TGP 3000 was pelletized to a di sc shape

16.5 MM i i8h8tEt n@ b £56h GibTad dett & prrepsRyeUbE 9t .10 The mbhded

nol ded product was sintered in an inert gas for -three hours at a

t enper at upeodfictOv@sesih€etredpriodunre imeregagayeat 1006 €l eotrr oHeees hotugised

di sc-shaped nolded product 16.0 nmm in

to give a disc—shaped negative—electrode sintered molded product
16 mm in diameter. The volume density d of the sintered molded

product was 1.5 g/ml.

_Comparative Example 1-1

A coin-shaped cell was prepared in the same way as in
Example 1-1 except preparihg a negative electrode in the
following manner.

90 parts by wéight of powders of the pitéh coke, which were
the same as those employed in Example 1-7, and 16 pafts by weight
of pdiyvinylideneﬂchloridé as a binder, were mixed together. To
the resulting mixture was added N-methyl-pyrrolidone as a
dispersant +to prepare a paste, ﬁhich was then dried and
compression molded to a disc 16 mm in.diameter to prepare a
negative—electrbde.pellet 2.

The internal resistance, charging capacity and the

“discharging capacity were measured of the cells of the Examples

1-1 to 1-8 and the Comparative Example 1-1 prepared as described

above.

The charging and discharging were carried out under a



di anmeter. The volune density of the sintered mass was 1.95 g/m . Exanple
1-7 A coin-shaped cell was prepared in the sanme way as in Exanple 1-1
except preparing a negative-electrode sintered nass in the foll ow ng
manner. First, the pitch coke was pul ve¥i zed for 15 minutes to powders in a

vibration mll.containing. stainl st eel (R 7 | | e e
{rue dereriyr bt SRnuipt: SAnBsRut:aies T srafaang a1 iHed SRk Thadt® e
(002) pl f ray ai Acs | uapt 4 h awy f a apan
Soci ety Toe ERrpbialy do @ ldidn CE-AEIRE f hh"EnUTH | Corhifadll
al ong t heo £ 8%k S oleC 4185 Wlafred NGRTBAN cBAL AR qﬁix&%ﬁ‘@?d%%ﬂ%‘aéi REsW %
of powders of "the.pitch coke and 50 wt % of the binder pitch TG° 3000 were
wei ghed @sfrasd Buxedntegethy dohd tWdsAlor WQiisdﬁaﬁganScwéﬁtl gedito-a
di sc-shaped pellet 16 mmin di anmeter and conpression nol ded at a pressure
of 3 t. mAecamil dectgymoiiad vebtsgatef ed.onvan M tregad tal aiO§Rowh Enf or
three hours to give a disc-shaped negative-el ectrode sintered nass 16 mmin
di anet erTabléh@.vol unme density d of- the sintered nass was 1.2 g/m. Exanple

1-8 A coin-shaped cell was prepared in the sane way as in Exanple 1-1

except preparing a negative-el ectrod8ABLEt &red nmass in the foll ow ng
manner .

Bind- | Negative | Cell Charg- | Discharg- | Charging

er Elec- Inter- ing ing /Dis-

Quan- | trode nal Capac— | Capacity charging

tity | Density Resist—- | ity mAh Effi-

% g/ml ance Q mAh ciency %
Comp. :
Ex.1-1 10 1.0 15 57 43 75
Ex.1-1 o 0.8 8 . 58 53 82
Ex.1-2 4] 1.0 8 66 60 90
Ex.1-3 0 1.2 9 79 71 : 90
Ex.1-4 0 1.4 10 92 79 : 85
Ex.1-5 0 1.8 10 119 "9$ 82
Ex.1-6 0 1.95 10 129 103 80
Ex.1-7 o 1.2 8 72 67 . 92
Ex.1-8 0 1.5 5 99 94 95

It is seen from Table 2 that, as compared to ‘the cell of the
Comparative Example 1-1 containing the binder in its negaﬁive
électrode, the'cells'of Examples 1-1 to 1-8 employing the carbon
sintered mass for negative electrodes thereof are higher in the
negative electrode

and the

denéit§ superior in
charging/discharging efficiency. The internal resistance of the
cells of the Examples 1-1 to 1-8 are also lower. Above al, with

the cells of the Examples 1-7 and 1-8, in which the carbon



16 50 wt % of graphite, manufactured by LONZA I NC. under the trade nanme of
KS- 15 and 50 wt % of the binder pitch TG 3000 were wei ghed out and m xed
together in a nortar. The resulting m xture was pelletized to a

di sc-shaped pellet 16.5 mmin di aneter aBd conpression nolded at a pressure

f 3t. Th | ded dyct i nt d i .inert t 1000 .C '
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pitch cokgyy h&’ﬂyv‘ﬁight Pﬁlf‘:_@g‘soi‘sg%Jaoéﬁa.e'ﬁﬁkw?gsb@c&%ﬁ&@ 1-7, and 10
po | dene ¢

parts by weight o yvi ny l'oride as a binder, wefe m xed

together. To tpgrrenekiding oH Xigfsr Wadit agfletne NvBRURY dudd Bl dgpetnas
a dispersant to prepare a paste, which was then dried and conpression

mol ded t onagdtivelflBbtirbddi fiftered mapsgpainternngatay earreidd ot nakeet

2. The internal resi stance, charging capacity and the discharging

capaci ty whaee sameswadibiische =l thosé tdfe Exeampileesl except setting the
molding pressure of the binder pitch to 20 t to produce a
negative~electrode sintered mass having a volume density of 2.0
g/ml. The sintered mass, thus produced, was built into a coin-
shaped cell. The internal resistance, charging capacity,
'disdharging capacity and the'charging/discharging'capacity'of the
cell were found to be 20 ohm, 132 -mAh, 40 mAh and 30%,
respectively. These charactéristics are iq?erior as compared
to those of the cell of the Cpmparative Examplehl—l. It is seen
from this that the volume density of the negative-electrode
sintered.ﬁass which is simply highér is not satisfactory'and that
it is necéssary to prescribe the range of the voluﬁe density to
e.g., 0.8 to 1.95 g/ml. |
Example 2-1 |

A coin-shaped cell was prepared in the same way as in

Example 1-1 except that a composite sintered mass of a carbon
sintered mass and a carbon collector produced in a manner now to
be described was employed for a negative.electrode.

A special binder pitch manufactured by OSAKA KASEI CO. LTD.



1-1 to 1-8 and the Conparative Exanple 1-1 prepared as described above. The
chargi ng:-and di scharging were carried out under a 17 condition that
constant-current charging was carried out under the conditions of a
charging current of 1 mA and a terminal ¥bltage of 4.2 V after which
constant current dis harginﬁg was carried out under the _condj t{ons of a

dLscharngQdEErﬁQﬁ Fad gﬁi?ftﬁFﬁTﬁaW?§m§%ﬂﬁ?qﬁr¥iﬁ)ﬂﬁn QH%dréguﬁﬁs
Char ging. Apert gad e W6 ek Mie REER' L87p, Pehborari ' §itkerga” RARsY.
nal g????hcgﬁ%i&ﬂichc&gggltﬂgnt ip%&yex’ﬁ?& ¥ aﬁghﬁéle iﬂ%ﬁze not

mAh . m ~ance

ciency % frapR tR4nl2b medt size.l Phis tempdParily s2htered miss itch
75 Ex.1-1 o s 6 o VBEPOTAriiLs 835cipits

0 1.0coke) and an uns@ftered %gécial bind88 Efcli3were fixedlaf a
9 79 - 71 90 Ex. 1-4 0 1.4 _ 10 92
79 rat8e of 1:1 to give a powder mixture which was then temporarily

molded to a pellet shépe. into a mid part of the powder_miktﬁre
was inserted copper expanded metal and the resulting mass was
compression molded.under a pressure of 3 t to a pellet 16.5 mm
in diameter. The copper expaﬁded metal was 0.1 mm in thickness
with a pore being 1 X 2 mm in shape and with the pore ratio being
50%.

The ﬁolded_product was sintered in an inert gas at 1000 C
for three hours to produce a siﬁtered compo?ite product of the
carbon sintered body and the current collecto;. The coméosite
prdduct'was_lé.o mm in diameter. The volume density d bf‘the
carbonaceous portion 6f'the sintefed.composite'product,_excluding_
the current collector portion, was 1.2 g/ml.

Example 2-2

A coin-shaped cell was prepared in the same wéy as in
Example 2-1, except that, for producing a carbon sintered body-
current collector composite disc-shaped product, a coppér foil
0.1 mm thick was used as a current collector and applied to a
lateral surface of the carbon sintered mass for compositization.

The volume density d of the carbonaceous portion of the sintered



Ex.1-5 0 1.8 10 119 98 82 Ex.1-6 0
1.95 . 10 129 103 - 80 Ex.1-7. 0 1.2
72 67 92 Ex.1-8 0 1.5 5 99 94
95 It is seen from Table 2 that, as conared to the cell of the Conparative
Exanmple 1-1 containing the binder in its negative el ectrode, the cells of
Exanpl es CPMPAsE te PTamichy REGIAing Jdie surrendd cRedector ReFiiiohe was
el ectrodes t he %Pf are higher in. the negative el ectrode density
and s&'p@r isjrm in t he char. gi ng/ di scharging efficiency. The
internaIE{esi tance; of the cells of the Exanples 1-1 to 1-8 are also |ower.
Above a|T£ﬂQéi%4é;te||S'Of the Exanples 1-7 and 1-8, in which the carbon
18 sintered S LSnD d ' fsth | nglgt e P Lt he
pitch coke an tﬁgﬁﬁi %?%#%ﬁofé%]ﬁien %’.Q c[?fg&%e&adr)ldlgr Z%% te, ?elswtﬁ1 ctl&%eriy%
t he -char gjmﬁﬁf% 91 ¥k S 1 OALOCYe S Yo GId 11018 K aibdhh Bt viadg-and
95% respectively. For checking an upper limt of the volume density of the
negat i ve-R]18edn® b 51 44 €6 e sHijsiSs 1 5é N £ ¢ Neh AP GHIRE 0 pundidely i SRNME
conditions as those of Exanple 1 except setting the nnldlng pressure of the
bi nder pivicthta ore tPapiodede s0%cOal ithdcknesls’ ade ol Dt amedhrimsa lprdig a
vol une density of 2.0

diameter of 1 mm was used as a current collector. The volume

8

density 4 of the carbonacebus portion.of the sintered composite
product, excluding the current coliector portion, was 1.2 g/mlp
Example 2-4 .

A-coin-shaped ceil was Iu%pared.in the same way as in
Example 2-1, except that,'for producing a carbon sintered body-
current collector composité disc—shaped;undu?t,'nickel expan&ed
metal with a pore ratio of 50% was used as a current collector.
The volume density d of the carbonaceous portion of the sintered
composite product, excluding the-burreht collector portion, was
1.2 g/ml.

Example 2-5

A coin-shaped cell was prepared in the same wéy as in
Example 2-1, except that, for producing a carbon sintered body—
current collector composite disc-shaped product, stainless steel
304 expanded metal with a pore ratio of 50% was used as a current

' collector. The volume density d of the carbonageous portion of

the sintered composite product, excluding the current collector



g/m . The sintered mass, thus produced, was built into a coin- shaped cell.
The internal resistance, charging capaci.ty, discharging capacity and
t he chargi ng/ di schargi ng capaci-ty of the cell were found to be 20 ohm 132
mAh, 40 mAh and 30% respectively. Thes® characteristics are inferior as
conpared_t o,those_of ﬁhgecehl of the Conparative Exanple 1-1. It is seen
from t hi BOF k&P h¥3§oy g& sity of the negative-el ectrode sintered nass

whi ch i sAsi Lgh ' 10t, satisfactory and that it is necessary to
prescrib 5 E&t95g o 1%_ 3\ density to e.g., 0.8 to 1.95 g/ .
Example 2-1 A,cqd ﬁﬁEﬁéﬁb e epar |y t SHE as, . anp| e
1-1 except thgt Q‘!ac[i;:orrposi t(g g:!e%}[i’gf%%g rrgg??%xjeg cgir?bon sigr:?%er e?aﬁgs?a@ a

carbon Ccelkhaeler1Pi 0dekesbt R TR Be 1890k 0a Dfe 06T RAG D RITRI 1AM OF
a negative electrode. A special binder pitch nmanufactured by OSAKA KASE

CO. LTD. and a9cunfenttdeliéatornpokidd t&EEdchestiMRaiRr pfe¥surey Gbrid) an
I nert gas at 900[err] C for one hour to a tenporarily sintered nmass (pitch

coke) whieaiploged Fer puUInsgdtzek talectrrdde c| eTRezpe DDét MoIre thieamedfa iBsh

size. This tenporarily sintered mass (pitch coke) and an unsintered speci al

bi nder LECettwode mixédrat and the current collector bonded to each other’
under pressure were prepared by attaching the current.colleétor
to a pellet formed of the negative electrode'mixturé in the
following manner. _ .

‘That is, 90 parts by weight of pitch coke powders, which
were the same as thbse employed in Example 1-7, and'lo parts by
weight of polyvinylidene fluoride, as a binder, were mixed
together to prepare a negative electrode mik%ture to which N-
methylpyrrélidone was added as a dispersant to_give a paste of

 the negﬁtive électro¢e mixture. This?paste was dried to a pellet
16.0 mm in diameter and pressed against and bonded to a copper
expanded metal as a current collector to produce a negative
electrode. | |

The internal resistance, charging capacity, discharging
capacity and the charging/discharging efficiency of the coin-
shaped cells of the Examples 2-1 to 2-5 and the Comparative
Example 2-1, thus produced, were measured. The charging and
discharging were carried out under a condition that constant-

current charging was carried out at a charging current of 1 mA



ratio of 1:1 to give a powder m xture which was then tenporarily nolded to
a pellet-shape. Into. a md part of the powder m xture was inserted copper
expanded netal and the resulting nass was conpressi-on nol ded under a

pressure of 3t to a pellet 16.5 mmin &aneter. The copper expanded netal
was 0.1 mm.in thickpes h a pore bein witht

pore rat P3%é rfHBIR2 h§° P&&dﬂﬁ%ﬁh&tg %fg?ﬁgnké8h|ﬁ°§ﬁtﬁﬂ Pﬁﬁﬁfﬁﬁ
1000 t.h h f, t N h
car bon SHESPATENE Ak S iad ootk Sk BLP5RAFE1RR BRRECE: REP R Gl dind
16.0 { | t f
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was 1.2 aJarﬂle BXanplos: ?co%npfah. S@ﬁﬁﬁléﬁ‘rhem&ﬁéﬁl@é Sfbrid) i SHERNBY

as in Exanple 2-1, except or produci ng a carbon sintered body-

current eRIIRCter COSMPAFLEINESEAlAPES H-oUSh, WhEAPPOR1KOI thd. kdwBddi ck
was used as a current collector and applied to a |lateral surface of the

carbon sigitredtbdis s it 9dlund dedisi tiho fval Bng/fensas yusedfrdhethe
car bonaceous portion of the sintered 20 conposite product, excluding the

current crigscive gibsdtoode waithout employing a current collector. The -

results are also shown in Table 3f

TABLE 3
Bind- | Metal Nega- | Cell Charg- | Dis- Charg-
er Cur- tive Inter~ | ing | charg~ | ing/
Quan- | rent Elec~ | nal Capac- | ing Dis-—
tity Col- trode | Resist | ity Capac- | charg-
% lector | Den- -ance | mAh ity ing
sity Q mAh Effi-
g/ml ciency
Comp : _
Ex.2-1 | 10 Yes 1.0 15 - 57 43 75
Comp . : '
Ex.2-2 0 No 1.2 12 66 53 80
Ex.2-1 0 Yes 1.2 6 66 61 .92
+f Ex.2-2 0 Yes 1.2 8 66 60 o1
Ex.2-3 0 Yes 1.2 7 66 60 91
Ex.2-4 0 Yes 1.2 8 66 60 91
Ex.2-5 0 Yes 1.2 g8 66 60 91

As compafed to a cell of Comparative Exaﬁble 2-1 in which
a pellet of a negative elecirode mixture of fhe carbonaceous
material and the binder oh one hand and the current coilector on
the other hand are bonded under pressure to each other so as to

be used for its negative electrode, or a cell of Examples 1 to



1.2 g/ . Exanple 2-3 A coin-shaped cell was prepared in the sane way as in
Exanpl e :2-1, except that, for producing a carbon sintered body- current
col l ector conposite disc-shaped product, punching netal with a pore ratio
of. 50% a thickness of 0.1 mMmand a Bére dianeter of 1 nmwas used as a

current ol eckRion i Nol U SS0SEY §18Loh08 FRRCNAI80UEaRA" 1o Bl e

€ current .col | é&ctor portion,

L2 9/ 5 op¥RRkeotat tholdl, 11aRARR] 15Ckly JIRARY igd (516 SAIE WRYCAS N
anple 2-T,

Ex except that, for producing a carbon sintered body- current

CO'!ECtO%.QQHE@?EBecéhﬁss§Béﬂ@§bdﬁé¥“&¥,tHH.%%Qbo%XB&ﬁdé§eGEhﬁbswhhh 8npor €
rati o of 50% was used as a current collector. The volune density d of the

car bonaceeusep® tb2lebtorh@ssempeofeacoEPOsi hegHt DEICé1e€kpbUd| NGst hégh
~current collector portion, was 1.2 g/m . Exanple 2-5 A coin-shaped cell was
pr epar ed imh dHergiage capactty nakdadpsehdrgingxcepactligt arfdrsyeriior ngna
carbon sintered body- current collector conposite disc-shaped product,

st ai nl essheirgdngz@4 sehpangiad efifdc iencly,aasoshowa iie HaldlBodhas Théd 4s a
current collector. The volune density d of the carbonaceous portion of the
si nt er ed Pe®BIGIint dugr sguthe Eretutthay the reaebhencareacisr increased by

not employing the binder as the negative electrode, and_that the .
negative electrode is improved in electirical conductivity by
unifying the metal current conductor to the carbonaceous material
by sintering, as a result of which the intefnal resistance of the
cell is decreased and the ~ polarization during
charging/dischapging.is diminished.

It is seen from this that the carbon sintered mass;combined_
with the current collector leads to further‘}mprovement of the
perfbrmance of thejcgll. -

Although the foregoing descriptio has Eeen made of a coin-
shaped cell, the present invention may also be applied to a
system. employing a layered electrode with similar favorable
effects. Thus the technique disclosed.hereiq isihighly'effective
when applied to a square-shaped cell or a card type cell. In
addition, similar effects to those produced with the use of the
special binder pitch LEC-1 may naturally be produced with the use

of carbonaceous materials other than the special binder pitch

LEC-1.



21 portion, was 1.2 g/m . Conparative Exanple 2-1 A coin- qhaned Cell was
prepared-in the sane way as in Exanple 1-1, except that a pel

negative el ectrode mixture and a current collector bonded i“ lI m llll :
under pressure wer e enpl oyed for a negak4ve el ectrode.

negative C ure, .and the current collector bonded to each ot her |
under Egéﬁ g£w§ﬁf§%ﬂ%§ &%éd by attaching the current coIIector to a pellet
'forned of the,n t clik egd¥ivd S

o0 v o< SHR-BEREBLEC LABHE TP Slpldity] QNS W eglitiyd

enpl oyed Ilac%%l ecén%alﬁmﬂ 10apaéé§bbﬂaaew§t xeét@piw nya | déﬂe édmé de,
as a blng wer e.. m xed toge% her to prepare a negative electrode mxture to

whi ch Nn@gfa&ikreyrﬂ@mdme mesepdse]d as Bodispeesaiied Brody e amdPast emad-t he
negative electrode mixture. This, paste was dried to a pellet- 16.0 mmin

d|aneteraqmdommesmmitmpmytmcegundxim&d vhefeinpphe dmprovetherrt atesbdes
current collector to produce a negative el ectrode. The internal resistance,

char gi ng imapdat y sadids cheggt e c glacitinodendis hef axtmadyi ogl®i sxthargi gagrbon
efficiency of the coin- shaped cells of the Exanples 2-1 to 2-5 and the
Conpar at isdaatered mass obtained on sintering the carbonaceous material.
2. The non-aqueous electrolyte secondary cell as claimed in
claim 1, wherein said negative electrode is made up of the carbon
sintered mass obtained on sintering the carbonaceous material and
a current collector.
3. The non-aqueous electrolyte secohdary cell as claimed in
claim 2, wherein said current collector is formed of metal or an
alloy melting at 1000 C or higher.
4. The non—aqueous electrolyte secondary ;ell as claimed in
claim 3, wherein said current collector is formed of copper,
nickel, stainless steel, iron or mixtures thereof.
5. The non—-aqueous eledtrolyte secondary eell as claimed in
claim 3, whereih said current collector is in the form of a meﬁal
sheet having numerous pores.
6. The non—equeous electrolyte secondary cell as claimed in
claim 5, wherein said current collector is in the form of a mesh,
expanded metal or a punching metal..

7. The non-aqueous electrolyte secondary cell as claimed in

claim 1, wherein said carbon sintered mass has a volume density

_—
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Exanpl e 2-1, thus produced, were neasured. The chargi ng and di schargi ng

were carrled out under a condition that constant- current clmmumtl jlll“”"l
carried out at a charging current of 1 mA 22 and a term
4.2 V, after which constant current discB&rging was carried but® at a*® 3.

di schar gicwy @18 remt10é5mmA and at up to a termnal voltage of 3.0 V. The
results are shown in Table 2. For conparison, simlar nmeasurenents were -
made of the cells of Conparative Exanple 2-2 in which only the carbon
sintered mass with a volune denstty of 1.2 g/ml was used for the negative
el ectrode wi thout enploying a current collector. The results are also

shown in Table 3. -TABLE 3 Bind- Metal Nega- -Cell Charg- Dis-

Charg- er Cur - tive Inter- ing charg- ing/ Quan- rent

El ec- nal - Capac- ing "Dis- tity Col - trode Resist ity

Capac- charg- % lector Den- - -ance - mAh ity ing sity

[err] mAh Effi- g/m ci ency

Conp. Ex.2-1 10 Yes 1.0 15 57 43 75
—_—
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Comp., Ex.2-2 0 No 1.2 12 66 5 S0ins BEEN |
Ex.2:1 ~ 0 Yes 1.2 6 66 61 JHSS e e O
Y L. Yes

es 1.2 8 66 60 91 Ex.2-3 0 .
7- - 66 60 91 Ex.2-4 . O Yes . 1.2 8 66
60 91 Ex.2-5 0 Yes 1.2 9 66 60 91

As conpared to a cell of Conparative Examle 2-1-in which a pellet of a
negat i ve NONeAQUEOHS ENERTROLYTEfSHODRDARY b@xaceous material and the binder on
one hand and the current collector on the other hand are bonded under
pressure E%T%?ﬁﬁ other so as to be used for its negative electrode, or a
cell of éx nples 1-to 23 3 in which only the carbon sintered nass S
used for its DEaRN-WRUWIGHE A LLHNG 1! dsedtiadA e BF avlid® 2 -Begativli ch
a sintered conposite product of the.” carbon sintered mass and the current
col | ect olelieetaiBddy el pOsitiveoaléver646Chhada nch-Agiedus GpRsgtPglytic
capacity and di schargi ng capacity and superior in charging/discharging
ef fici engplwdoanown iwhibdblee chrbordicedis mistsél 1 die vsed hes fastatbatet he
reaction area is increased by not enploying the binder as the negative
el ect r odmegatd vehratladtrodgatmaiereialf r ods | disclosedd | n dhect rneghtive
conductivity by , ,

electrode is constituted by a carbon sintered mass obtained on

sintering the carbonaceous material or a carbon sintered méss—
current collector composite material. The secondary cell is
improved in the amount of the active material packed in the
negative electrode, energy density and in the
charging/discharging efficiency. If the carbon sintered mass—
current collector composite material is empioyéd for the negative
'electrode; further improvement in the electrica%:conductivity and

charging/discharging efficiency in the negative electrode is

achieved.
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unifying the metal current conductor to the carbonaceous material by
sintering, as a result of which the internal resistance of the cell i's
decreased - and t he pol ari zati on during charging/discharging is
dimnished. It is seen fromthis that the carbon sintered nmass conbi ned
with the current collector leads to further inprovenent ‘of the performance
of the cell. A though the foregoing desgpiptio has been made of a coin-
shaped cell, the present invention-may al so be applied to a .system-
enploying a | ayered el ectrode with simlar favorable.effects. Thus the
techni que disclosed herein is highly effective when applied to a

squar e-shaped cel) or a card.type cell. In addition, simlar effects to

t hose produced with the use of the special binder pitch LEC-1 may naturally
be produced with the use of carbonaceous materials other than the speci al
bi nder pitch LEC 1. REPLACEMENT SHEET 24 1. A non- agueous secondary
cell conprising: an active cathode material conprising a |ithiumconposite
oxide; an electrolyte conprising a lithiumsalt dissolved in a non-agueous
organi ¢ sol vent; and _ '

..................
----------------
................




a sintered conposite anode conprising a nmetal support w trh—a—iherroptastt
bi nder .free electrically conductive sintered carbonaceoud RB!HL&CEMENT]&HEE’ a
vol ume density of from about 0.8 to about 1.95 g/m dispdsfd@ thereon, sald
- sintered conposite anode bei ng obtai ned from conpression |npus d@Na‘IQQB

- carbonacebus starting material conprisi a thernopl asti g pi nees
bi nder pitch to said rret al support to fé&m a conposite prjo 317,"?‘
t her eaf t '8y SIS HLEGTRELYTE SRCONPARY EBict by heating in lanZi $08487a0 dn

el evated tenperature of from about 500- C to about 1000- C unt|I sinteri ng
IS substsBBTRAQGY conplete, 2. The non-aqueous el ectrol yte secondary cell
as defined in clarm 1, wherein said netal support conprises a netal or an
al l oy neltin atori-idiedainre latirmmlytd®: secdiiaroneelildrmwing cxtneggtive
secondary cell as defined in claim1, wherein said netal support conprises
a copperelegtnredestaj ppditivecelectrodeonndi @ mads agweisf lectrghptic
non- aqueous el ectrol yte secondary cell as defined in claim1, wherein said
netal suppbitieRppin SEkich miearkorageons i mat ekl ols lb‘éﬁ‘%sas san acthge
non- aqueous el ectrﬂagte secondar%/rbcel | as defined in claim1, wherein said

rreta: st%?YlE%n‘E) txode ngpatefipah, gﬁsexﬂéﬁﬁé@sﬁ@tal sHhs ofe&2piKehed
t {

Cat hode SEREFTase BinPPRFREESERT, RFLA conpst carmins nars, RpsEpedcon
conpri si 0gh e bH AT ¥ SBhndhER25YEInh R e 1 29N 63U MS WS AN £r SPLY SRk 2N

- current collector composite material. The secondary cell is
.L\J improved in the amount of the active matérial,packed in the
negative electrode, energy density  and in the
charging/discharging efficiency. If the carbon sintered mass-
current coliector composite material is employed for the negative
electrode, further improvement in the electricaliconductivity and

charging/discharging efficiency in the negative electrode is

achieved.

Figure 1



an'active anode materi al conprising a thernopl astic bi ndep-frse
el ectrically conductive sintered carbonaceous nateri al REPLACEMENT SHEET
24 WHAT IS CLAIMED I S: A non-aqueous el ectrol yte secondary T having a
negative el ectrode containing a carbonaceous material as pj a<giMéG 1997
negative-termnal material, a positive ejfectrode and a nof- agueRYS :
el ectrolytic solution, wherein the inprovenent resides in tﬁgﬁ—&
negative electrode is formed only of a carbon sintered ma‘sI LAE! t%
sintering the garbo Q terl r’@ .non- aqueous el ectrolyte
secondarg cel If'as cﬁ?ﬁr‘%‘%@cﬁé@? gevl\%%o 'ﬁs“égai d negative electrode is
made up of the car bmaﬁm}o?ﬂﬁde Iifﬁﬂ’dé'i@bb? ﬂﬁngfalﬁhiﬁhﬁéérﬁﬁkl)sltéﬁxiﬁlﬁ ?onaceous
material and a current_ col|ector. 3. The non-agueous el ectrolyte
secondary cel | as cihfleelolyle eomprising a ithivm sals dissolved fim @ non-aqueous i s

formed of net alsQhic3Bvaht: Qg Me! ting at 1000[err] C or higher. 4. The
non- agueous el eg

trolyte $econdary cell as clai med in claim3, wherein said
current colle or isafsintered odmpesitecanodei clitiprising 2d heals st 'withi o1 Or

m xtures thereof. 5.  The, non-aquequs el ectrolyte secondar cell as
claimed in cl a&ﬂ@?Plﬁ%r@%rgﬁe&?W@Mth@W§ﬁmf¢% in the formof a
et al carbonaceous material having a volume density of from about 0.8 to

about 1.95 g/ml disposed thereon, said sintered composite

anode being obtained from compression moulding a carbonaceous
starting material comprising a thermoplastic binder free binder

pitch to said metal support to form a composite product and thereafter
sintering the composite product by heating in an _

inert gas at an elevated temperature of from about 500- C to about
1000~ C until sintering is substantially complete;’
2. The non-aqueous electrolyte secondai'y cell as defined in claim 1,
wherein said metal support comprises a metal or an alloy

melting at 1000- C or higher,
3. The non-aqueous electrolyte secondary cell as defined in claim 1,
wherein said metal support comprises a copper, nickel

stainlgss steel, iron or mixtures thereof

4, The non-aqueous electrolyte secondary cell as defined in claim 1,
wherein said metal support comprises a metal sheet having numerous pores.
5. The non-aqueous eléctrolyte secondary cell as defined in claim 1,

wherein said metal support comprises a metal mesh, an

expanded metal sheet or a punched metal sheet.
6. A non-aqueous secondary cell comprising:

an active cathode material comprising a lithium composite okide;

an electrolyte comprising a lithium salt dissolved in a non-aqueous
organic solvent; and

an active anode material comprising a thermoplastic binder free
electrically conductive sintered carbonaceous material

-
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sheet~havi ng -nunmer ous pores. 6. The non-aqueous el ectrol yte secondary
cell .as clained in claim5 , wherein said current collector is in the form
a nmesh, expanded netal or a punching netal. 7. The non- aqueous

el ectrolyte secondary cell as clained 24n claim1l mhereindsaid car?op
sinter S$h density 25 having a volune density o rom
about” gﬁgﬂ?o$gb§§9§¥ﬁ§53§3 sai d sintered carbonaceous material being

obt ai‘nég: s ONRLES S AR, B0H -u A-car hanacaa Anrtbogsomterial,

ettt = = = adatab: M

conpr|3|wg a thernnplastlc bl nder Tree binder pitch at el evated pressures

of fronzadgutodet OceROHinifgt 041 dHrdOH4BSovdanptk dPss1 and t Rel ealkShve
sintering tNe shaped mass by heating in an inert gas at an el evated

t enper ahegatiettermiball m@berfialp AOopbsifdPe ClE¥trodd NBARI N non-

substantial l y\conplete. 7. A non-aqueous secondary cell as defined in
cl ai m 6aquhensi g leeitaodyrtticn eardoutsi caf arvwhene imt theé aimpoopemeas FeBides € of
pitch coke and bNpder pitch. 8. A non-agqueous secondary cell as defined

i n cl ai #6,thafer spids aregatitbwnedecdsostear 1§ ndoratesk i @i ly owifr | 3 esaxrbont ur e
of binder pitch and\graphite.
sintered mass\obtained on sintering the carbonaceous material.
2. The non-aqueous electrolyte secondary cell as claimed in
claim 1, wherein saNd negative electrode is made up of the carbon

sintered mass obtained\on sintering the carbonaceous material and

a current collector. ~

3. The non-aqueous electxolyte secohdary cell as claimed in
claim 2, wherein said current ‘¢collector is formed of metal or an
alloy melting at 1000° C or highe

4. The non-aqueous electrolyte skcondary cell as claimed in
claim 3, wherein said current colle-‘or is formed of copper,
nickel, stainless steel, iron or mixtures thereof.

5. The non-aqueous electrolyte secondar éell as claimed in
claim 3, wherein said current collector is in tke form of a metal

(% sheet having numerous pores.

6. The non—équeous electrolyte secondary cell as\ claimed in
claim.5; wherein said current collector is in the form &f a mesh,

expanded metal or a punching metal.

7. The non-aqueous electrolyte secondary cell as claimed, in
- = 1 -y - - T e—-8r 101 - = =0 ol c a - H1e (162 1) B
T
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having a volume dénsity of from about 0.8 to about 1.95 g/ml, said
sintered carbonaceous material being obtained by

compression moulding a carbonaceous starting material comprising a
thermoplastic binder free binder pitch at elevated

pressures of from about 1 to about 10 torr to form a shaped mass and
thereafter, sintering the shaped mass by heating in an

inert gas at an elevated temperature of from about 500- C to about
1000- C until sintering is substantially complete.
7. A non-aqueous secondary cell as defined in claim 6, wherein said
carbonaceous starting material comprises a mixture of pitch

coke and binder pitch.
8. A non-aqueous secondary cell as defined in claim 6, wherein said
carbonaceous starting material comprises a mixture of binder

pitch and graphite.
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