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disclosed. The carbonaceous material has an interlaver

spacing, doo=z, of not less than 3.70 angstroms and a true

density of less than 1.70 g/cm®, and contains from 0.2 to
5.0 weight % of phosphorus. The carbonaceous material has a
large doplng capacity for Li, and the non-aqueous
electrolyte cell using the materlal has a large capacity and

improved charge-discharge cycle characteristics.
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BACKGROUND OF THE INVENTION

This invention relates to a carbonaceous material

capable of dopling and de-doping lithium and a method for
producing the same and also to a non-aqueous electrolytic

cell having the carbonaceous matérial as a negatlve

electrodé.

A recent trend toward the miniaturization of electronic
instruments requires a high energy density of cell. To
satisfy such a requirement, a variety of secondary cells

have been proposed. In such a cell, there is a non-aqueous
electrolyte cell using lithium, which has been extensively

studied for practical utility.

However, for the practical applications of the
non-aqueous electrolyte cell, the following disadvantages
are involved in the use of lithium metal as a negative
electrode.

(1) Charging takes a time as long as 5 - 10 hours with
poor quick charging properties.

(2) Short cycle life.

It 1is accepted that these are all ascribed to the
‘1ithium metal, resulting from the change in shape of the
lithium negative electrode, the formation of dendrite and

the inactivation of lithium accompanied by the repetition of

charging and discharging.

One measure fTor solving the above problem, there has
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been proposed the use of a negative electrode wherein
lithium is not used as a single material but is doped with a
carbonaceous material. This makes use of easy
electrochemical formation of a carbon layer compound of

lithium. For Instance, when a carbonaceous material used as

a negative electrode 1s charged 1in non-aqueous electrolyte
solutlion, lithium in the positive electrode is
electrochemically doped 1In the Interlayers of the negative
carbon. The 1lthlum-doped carbon acts as a Lithium
electrode and the 1ithium is de-doped from the carbon
interlayers upon discharge, returning to the positive
electrode.

The electric capacity per unit welght of the
carbonaceous material ls determined depending on the amount
of doped lithium. 1In order to increase the charge and
dlscharge capaclty, 1t 1s deslrable to lncrease the amount
of doped llthlum as large as posslble. (The theoretlcal
upper limlt Is a rate of one L1 atom per 6 carbon atoms.)

HHitherto, the carbonaceous material used as the
negative electrode of thils type of cell Includes
carbonaceous materlials obtalned from organic materlials as iIs
known, for example, f{rom Japanese Lald-open Patent
Application No. 62-122066 or No. 82-90883.

However, the amount of doped 1lithium in the hitherto

known carbonaceous materials is not so hlgh that i1t is only



approximately half the theoretical.
OBJECTS AND SUMMARY IF THE INVENTION
It is an object of the present invention to provide a
carbonaceous material having a large doping capacity fTor Li.

1t 1s another obJect of the present invention to

provide an improved non-aqueous electrolyte cell having
large capacity and improved charge-dlscharge cycle
characterilsics.

According to one aspecl of the present Invention, there
ls provided a carbonaceous material having an Interlayer
spaclng, doo=z, of not less than 3.70 angstroms and a true
density of less than 1.70 g/cm®, having no exothermic peak
at not less than 700°C as measured by a diffraction thermal
analysls In alr stream, and containing from 0.2 to 5.0
welght % of phosphorus.

According to another aspect of tho prescenl Inventlion,
there ls also provided a non-aquecous electrolyte celi which
comprlses an anode of a carbonaceous materlal having an an
Interlayer spacling, dpoz, Of not less than 3.70 angstroms
and a true denslty of less than 1.70 g/cm®, having no
exothermlce peak at not less than 700°C as measured by a
diffractlon thermal analysis in alr stream, and containing
from 0.2 to 5.0 welght % of phosphorus, a cathode containing
Li, and a non-aqueous electrolyte.

BRIEF DESCRIPTION OF THE DRAWINGS

A Bt g ———
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Fig. 1 is a characteristic view showing the relation
between the amount of charged phosphoric acid and the
continuous chargeable and dischargeable mA-hour as used with
the resultant carbonaceous material;

Fig. 2 1s a characteristic view showing the relation
between the amount of charged phosphoric acid in the fired
product of furfuryl alcohol resin and the residual rate of
phosphorus;

Flg. 3 1s a characteristic view showlng the varlation
In the temperature of DTA peak relative to the amount of
charged phosphoric acid and Flg. 4 is a characteristic view
showing the variation in doo= relative to the amount of

charged phosphoric acid:

IFlg. 5 is a characteristic view showing a charging and
dlscharging cycle characteristic of a non-aqueous
electrolyte secondary cell using as a negatlve electrode a
carbonaceous materlal obtalned by addling phosphoric acid to
polylfurfuryl alcohol resin 1n comparison with that of a cell
using as a negative electrode a carbonaceous material

obtained wlthout addlition of any phosphoric acid;

F'lg. 6 1s a characterlistic view showing a discharge
curve of a non-aqueous electrolyte secondary cell using a
negatlve electrode of a carbonaceous materlal obtalined by
addition of phosphoric acid to polyfurfuryl alcohol resin in

comparison with a cell using a negative electrode of a
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carbonaceous material obtained without addition of any
phosphoric acid;

Fig. 7 is a characteristic view showing a discharge
curve of a non-aqueous electrolyte secondary cell using a

negative electrode of a carbonaceous material obtained by

addition of phosphoric acid to novolac-type phenolic resin
in comparison with a cell using a negative electrode of a
carbonaceous materlal obtalned without addlition of
phosphoric acld:

Fig. 8 1s a characteristic view showing the relation
between the amount of meta-phosphoric acid or phosphorus
pentaoxide added to oxygen-crosslinked petroleum piltch and
the discharge capacity:

IFlg. 9 Is a characteristic view showlng the variation
In exothermlic peak temperature of DTA when meta-phosphoric
acld and phosphorus pentaoxide are cach added to
oxygen-crossllinked petroleum plteh:

Flg. 10 Is a characteristic view showing the relation
between the amount of meta-phosphorlic acld or phosphorus
bentaoxlde added to oxygen-crossllinked petroleum pltch and
the amount of phosphorus remainling in carbonaceous material;

Fig. 11 Is a characteristic v]ew showing a dlscharge
curve of a non-aqueous electrolyte secondary cell using a
negative electrode of a carbonaceous material obtalned by

addition of phosphorus pentaoxide to oxygen-crosslinked
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petroleum pitch in comparison with a cell using a negative
electrode of a carbonaceous material obtained without
addition of phosphorus pentaoxide; and

Fig. 12 is a characteristic view showing a cycle
characteristic of a non-aqueous electrolyte secondary cell
using a negative electrode of a carbonaceous material
obtained by addition of phosphorus pentaoxide to
oxygen-crosslinked petroleum pitch In comparison with a cell
uslng a negative electrode of a carbonaceous material
obtalined without addition of phosphorus pentaoxide.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors made lntenslve studles In order
to achleve the above objects and, as a result, found that
the addition of a phosphorus compound durilng carbonization
is very effective 1n Increasing the doping amount of 1ithium
in the resulting carbonaceous materlal.

The present Inventlon ls accompllshed based on the
above llnding and the carbonaceous material of" the lnvention
1s characterlzed by carbonlizing an organic materlal and
contalning 0.2 - 5.0 wt% of phosphorus.

The productlion method according to the inventlon is
characterlized in that an organic material or carbonaceous
material is carbonlzed after addition of 0.2 - 15 wt% of a

phosphorus compound, calculated as phosphorus, based on the

organlc material.
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A non-aqueous electrolyte cell of the invention is
characterized by comprising a negative electrode consisting
of a carbonaceous material obtained by carbonizing an
organic material and containing 0.2 - 5.0 wt% of phosphorus,
& positive electrode contalning L1 and a non~aqueous
electrolyte.

The carbonaceous material of the invention is obtained
by carbonlzatlon, such as by a flring technique, of organic

materlals.

The starting organlc materials include any organic high
molecular weight compounds Including conjugated resins such
as phenolic resins, acrylic resins, halogenated vinyl resins,
polyamide-imlde resins, polyamlde resins, polyacetylene,

pol(p-phenylene) and the llke, cellulose resins, and the

like.

Besldes, there may be used condensed polycycelle
hydrocarbon compounds such as naphthalene, phenanthrene,
anthracene, triphenylene, byrene, chrysene, naphthacene,
plcene, perylene, pentaphene, pentacene, etc. and
derlvatlves thereof (e.g. carboxyllic aclds, carboxylic
anhydrldes, carboxylic acid Imldes and the L1ke thereofl),
various piltches mainly composed of mlxtures of the above
compounds, and condensed heterocylic compounds such as
indole, 1iso-indole, quinoline, iso~quinoline, quinoxaline,

phthalazline, carbazole, acridine, phenazine, phenantrizine



and the 1like, and derivatives thereof.

In addition, furan resins such as homopolymers and
copolymers of furfuryl alcohol and furfural may be favorably
used. More specifically, there may be mentioned polymers of
furfural + phenol, furfuryl alcohol + dimethylolurea,
furfury1 alcohol, fTurfuryl alcohol + formaldehyde, furfural
+ ketones, and the llke. The carbonaceous materials
obtalned by carbonlzling the furan resins has a surface
separation, deooz, at plane (002) of not smaller than 3.70

angstroms and a true density, p, of not ltarger than 1.70

g/cma. The differential thermal analysis (DTA) reveals that
1t has not any exothermic peak at temperatures not lower
than 700°C and exhibits very good characteristlics for use as
a negative electrode for cell.

These organic materlals are Lhermally treated for
carbonlzation by technlques such as of firing. The
carbonlzation temperature may dliffer depending on the Lype
of starting material and is usually in the range of 500 -
3000°C.

[.Lke the furan resins, when petroleum pitches having a
specllic H/C atomlc ratio into which functional groups
contalning oxygen are introduced (so-called oxygen
crosslinkage) are carbonlzed, good characteristics are

obtained. Thus, the pltches can be used as the organic

materilial.
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The petroleum pitches are obtained by operations, such
as distillation (vacuum distillation, topping, and steam
distillation), thermal polycondensation, extraction,
chemical polycondensation and the like, of tars which are
obtained by high temperature pyrolysis of coal tar, ethylene
bottom oils, crude petroleum and the like, and asphalt.

The H/C atomic ratio of petroleum pitch is important
and should be In the range of 0.6 - 0.8 for
non-graphltlizable carbon.

The techniques of introducing functional groups
containing oxygen into these petroleum pltches are not
critical and include, for example, a wel process using an
aqueous solutlon of nltric acld, mixed acid, sulfuric acld,
hypochlorous acld and the Like, a dry process using
oxldative gases (alr and oxygen), and reactions with solld
reagents such as sulfur, ammonlium nitrate, ammon!um
persulfate, ferric chlorlde and the 1lke.

The petroleum pltches Into whlch oxygen-contalning
functlonal groups have been Introduced by the above
technlque are carbonlzed for use as a negative electrode
materlal. The carbonization condltions are not critical
provlided that they are so set that the resulting
carbonaceous materials satisfy characteristic requirements
that the surface separation, dpp=., at (002) plane is not

less than 3.70 angstroms, a true denslty, p, ls not larger

-10-
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than 1.70 g/cm® and any exothermic peak by the differential
thermal analysis (DTA) does not appear at temperatures of
not lower than 700°C. For iInstance, the pitches are
carbonized in a stream of nitrogen at 300 - 700°C, after

which it is fired in a stream of nitrogen under conditions

of a heating rate of 1 - 20°C, an u}timate temperature of
900 - 1300°C and a time of 0 - 5 hours kept at the ultimate
temperature. As a matter of course, the carbonization
operation may be omitted as the case may be.

The resultant carbonaceous material serves as a
negative electrode material after pulverization and
classification. The pulverizatioh may be effected prior to
or after the carbonization or after the fliring.

Although the carbonaceous materlal as stated above is
described, for example; in Japanese Patent Publication No.
53-31116, the optimization of the oxygen content results in
a carbonaceous material which has a surface separation, doosz,
at (002) plane of not less than 3.80 angstroms and no

exothermic peak at 700°C or over when determined by

differential thermal analysis (DTA) in a stream of air. The
material 1s used as the negative electrode material.
The content of oxygen to be incorporated in petroleum

pitch greatly influences the surface separation, dpo=z, at
the (002) plane. For instance, when the oxygen content in a

precursor obtained by simple crosslinkage of petroleum pltch

....11...
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is not less than 10 wt%, the doo=z value can be not less than
3.70 angstroms. Accordingly, the oxygen content in the
precursor should preferably be not less than 10 wt%. 1In
practice, the content is in the range of 10 - 20 wt%.
Lspecially, since the doo= value of not less than 3.72
angstroms is favorable in view of the charging and
discharging efficiency, the oxygen content should be
approprlately set while taklng the above Into consideration.

In the practice of the lnventlion, phosphorus compounds
are added at the tlme of the carbonization by which the
doping amount of lithium in the carbonaceous material can be
Increased.

Examples of the phosphorus compound include phosphorus
oxldes such as phosphorus trioxide, phosphorus tetraoxide,

phosphorus pentaoxide and the 1ike, oxo aclds of phosphorius
such as ortho-phosphoric acld (so-called phosphorlc acld),
meta-phosphorilc acld, polyphosphoric acld and salts of these .
OX0 aclds. In view of the ease in handling, phosphorus
oxides and phosphorlc acid are preferred.

In the practlce of the Inventlon, the amount of
phosphorus compound to be added at the time of the
carbonlzatlon of organlc materlals should be 0.2 - 15 wt%,
preferably 0.5 - 7 wt%, based on the organic or carbonaceous
material and the content of phosphorus in the carbonaceous

material should be 0.2 - 5 wt%. I the amount of the

~19-



small, the effect of increasing the doping amount of
lLithium cannot be appreclably expected. On the contrary,

when the amount of the phosphorus compound is too large and

the content of phosphorus in the carbonaceous material
becomes too large, the characteristics become poor with the
posslbllity of reduclng a rate of carbonaceous materilal
which actually takes part in the doplng of lithium.

Where the carbonaceous material is used as a negative
electrode of non-aqueous electrolyte cell, It 1s preferred
that the material used for posltlve electrode should contain
a satlsfactory amount of LLI. For thils purpose, a composite
metal oxlde of the general formula, LLiMOz, (wherein M
represents at least one of Co and Ni) or layer compounds
contalning L1 are used. In particular, good characteristics

are obtalned when using L1C00.
The non-aqueous electrolyte cell of the Invention alms

at achleving hlgh capaclty wherein the positive electrode

should contaln LI in amounts corresponding to a charge and
dlscharge capaclity of not less than 250 mAh per g of the
carbonaceous material for negatlve electrode 1In statlonary
condition (e.g. after about five repetitions of charging and
dischargling). Li should preferably be contained in amounts

corresponding to a charge and discharge capacity of not lessg

~-13~
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than 300 mAh and more preferably in amounts corresponding to
a charge and discharge capacity of not less than 350 mAh.
It will be noted that L1 is not necessarily supplied all

from the positive electrode material on the condition that

[.Li should be present in the cell system in amounts

corresponding to a charge and discharge capaclty of not less
than 250 mAh per g of the carbonaceous material for negative
electfode. The content of Li will be determined by
measurement of the discharge capacity of cell.

The non-aqueous electrolyte is prepared by

appropriately combining organic solvents and electrolytes,
and these organic solvents and eléctrolytes may be ones
ordinarily used in this type of cell.

Examples of the organic solvent include propylene

carbonate, ethylene carbonate, 1,2-dimethoxyethane,
1,2-diethoxyethane, ¢ -butyrolactone, tetrahydrofuran,
2-methyltetrahydrofuran, 1,3-dioxorane,
4-methyl-1,3-dioxorane, diethyl ether, sulforane,
methylsulforane, acetonitrile, propionylnitrile, anisole and
the like.

Examples of the electrolyte include LiCl0O4, L1ASks,
LiPFe, L1BFa, LiB(Ceus)a, CllaSOzL1, CFaSO0zsLi, LiCl, LiBr and
the like.

When a phosphorus compound such as phosphoric acid 1s

added at the time when organic materials are carbonized into

-1 4~
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carbonaceous material, an amount of doping lithium becomes
great, with a great efficiency as expressed by de-doping
amount/doping amount.

The use of the carbonaceous material having great
capability of doping lithium as. a negatlve electrode of
non-aqueous electrolyte cell results in an increasing charge
and discharge capacity while suppressing deterioration
accompanled by repetltion of chargling and discharging
operatlions.

| Examples]

The present invention is described based on particular

experimental results.

Preliminary Experiment 1

Inltially, a furan resin was used as an organlc
material to check the infTluence of phosphorus belng added.

IFilg. 1 1s a graph showlng the varlatlon of a continuous
chargeable and dlschargeable ampere-~-hour/g relative to the
amount of charged phosphoric acid with respect to a cell
which makes use of a negatlve electrode which lIs obtalned by
flring a polyfurfuryl alcohol resin (malelc anhydride
catalyst) whlle adding phosphorlce aclid. From thls, 1t will
be seen that the addition of phosphoric acid upon firing is
very effective in increasing the charge and discharge
capacity.

The added phosphorus compound was left In the resulting
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carbonaceous material as is shown in Fig. 2. It will be
noted that the amount of phosphorus in the carbonaceous
material was quantitatively determined by an inductively
coupled plasma (ICP) spectrometry.

The fired product of the polyfurfuryl alcohol resin has
not exothermic peak at 700°C or over when determlned by DTA
and has a surface separation, doo=, at (002) plane of as
large as 3.85 angstroms. When phosphorlic acld was added
durlng liring of the polyflfurfuryl alcohol resin, little
variation in the characteristics is observed as shown in
Figs. 3 and 4. For instance, the addition of 10 wt% of
phosphoric acid entails an exothermic peak of approxlmately
680°C determlned by DTA and a deo= value of not less than

3.70 angstroms.

By this, it was confirmed that the addltion of the
phosphorus compound did not lmpede the characteristloes
inherent to the carbonaccous materlial .

Based on the results of the above Prelimlinary Example 1,
a cell using a negatlve electrode made of a carbonaceous
materlial whlch had been obtained by flring a furan resin to
which a phosphorus compound was added was assembled to
evaluate 1ts characteristics.

Lxample 1

500 g of furfuryl alcohol, 1 g of maleic anhydride and

200 g of pure water were mlxed and refluxed on a hot water

-16 -
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bath for 2 hours to obtain a viscous polymer.

After removal of unreacted alcohol and residual water
by vacuum distillation, 5 g of a 85% phosphoric acid (HsPO.)
aqueous solution was added to 100 g of the polymer.

This was maintained for carbonization in a stream of
nitrogen at 500°C for 5 hours, followed by heating to 1200°C
and thermal treatment for 1 hour. The resultant
carbonaceous materlial had the following characteristics.

dooz = 3.82 angstroms

true density, p, = 1.55 g/cm®

exothermic peak by DTA: 643°C

phosphorus content : about 1.4 wt%

The thus obtained carbonaceous materlial was used to
constitute a cell as follows.

The carbonaceous material was Initlally powdered by
means of a mortar and classlfled through a sleve to collect:
partlicles with a slze ol 390 mesh or below.

100 mg of polyvinylidene fluorlide used as a binder was
added to 1 g of the c¢lassified carbonaceous material, and

dimethylformamlide was used to make a paste, Tollowed by
application to a stainless steel gauze and pressing at a
pressure of 5 tons/cm®. The applled gauze was punched into
a suitable form for use as a negative electrode.

A positlve electrode was made using LiNig, 2Cog. 0> in

the following manner.

-17 -
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600 mg of graphite and 300 mg ol polyethylene
tetrafluoride were added to and mixed with 9.1 g of
LiNig, 2C00. 802, after which 1 g of the mixture was placed in
a mold and subjected to compression molding at a pressure of
2 tons/cm® to obtain an electrode of a disk shape.

The thus obtained positive and negative electrodes were
used and a solution of 1 mole/l of LiClO4 in a mixed
solution of propylene carbonate-dimethoxyethane (ratio by
volume of 1:1) was used to make a coln-shaped cell fTor a
charge and discharge test.

The cell was arranged so that the amount of active
substance was positive electrode>>negative electrode fTrom
the standpoint of electrochemical equlvalence, and the cell

capacity was regulated at the negative electrode. In the

charge and discharge test, charging and dischargling were
conducted at a constant current (0.53 mA/cm®) .

The cell was charged at 320, 350 and 380 mAll/g (charged
mA-hour per g of the carbonaceous material herein and
whenever 1t appears herelinafter), whereln when a discharge
cut-off voltage was set at 1.5 V under which a cycle test
was effected, a good cycle characteristic was obtalned in
all the cases. 1In Flg. 5, the curve | shows LC(he
characteristic obtalned by charging at 380 mAll/g. 'The cell
of this example did not deteriorate over 80 cycles when

charged at 380 mAll/g.

....18_
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Accordingly, it will be seen that the cell of this
example 1s chargeable or dischargeable at a capacity which
is higher than the theoretical in the case of graphite used
as thefnegative electrode.

Iﬁ Fig. 6, there is shown a discharge curve when the
cell is charged at 380 mAH/g (solid curve in the figure).
The cell of this example had a charge and discharge
efficlency of 98.5% with good results.

Comparative Example 1

After obtaining the polymer in the same manner as in

Example 1, it was thermally treated without addition of any
phosphoric acld to obtain a carbonaceous materlal.
Thls carbonaceous material was used to make a cell in

the same manner as in Example 1. The results of the charge

and discharge test are shown in Fig. 5. In Flg. 5, curve 11
ls a cycle characterlstic In the case of charglng at 380
mAll/g, curve 1il Is a cycle characterlstic In the case of
charging at 350 mAll/g and curve lv {s a cycle characterilstlic
In the case of charging at 380 mAl/g.

It will be seen that a stable cycle characteristic is
limlted only to the case where the charged ampere-hour is
approximately 320 mAll/g.

The dlscharge curve when charged at 320 mAll/g is shown
in Fig. 6 (broken-line curve In the figure). The charge and

discharge efflclency 1is approximately 97%.

~19-
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In order to confirm the effect of the case using other

resin, a cell was similarly assembled using a novolac-type

phenolic resin to evaluate its characteristics.

Lxample 2

10 g of pure water and 1 g of ethanol were added to 10

g of a novolac-type phenolic resin powder (XPGA 4552 B,
avallable from Gunel Chem. Co., Ltd.) and wetted, after
which 500 mg of a 85% phosphorlc acid aqueous solution was
added and well mixed.

After keeping the mixture in a stream of nitrogen at

500°C for 5 hours, it was heated up to 1200°C and thermally
treated for 1 hour to obtain a carbonaceous material. The
thus obtained carbonaceous material had the following
characteristics.

dooz = 3.75 angstroms

pure denslty, p, = 1.80 g/cm?

exothermlc peak by DTA = 631°C

content of phosphorus: about 1.4 wt%

The thus obtalned carbonaceous material was used to
make a cell In the same manner as in Example 1.

As a result of the charge and discharge test at
different charged and discharged ampere-hours, it was found

that stable charging and dlscharging operations were ensured

at a charged amount of not higher than 360 mAll/g.

The discharge curve wherein charging was effected at

...20._.
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360 mAH/g is shown in Fig. 7 as a solid line. 1In this case,

the charge and discharge efficiency was 98%.

Comparative Example 2

In the same manner as in Example 2 except that
phosphoric acid was not added to the novolac-type phenol
resin powder, there was made a cell, followed by a charge
and discharge cycle test at different charged amounts.

As a result, stable operatlons of charging and
dlscharging were Llmited to the case where the charged
amount was at most 210 mAll/g. '

The discharge curve where charging was effected at 210
mAlH/g is shown in Fig. 7 as a broken line. The charge and
discharge efflciency was approximately 95%.

As wlll become apparent from the above examples and
comparative examples, carbonaceous materials ensuring a
remarkably Improved charge and discharge capaclty over known
counterparts can be obtalned by addlitlon of phosphoric acld.
Especlally, as ls descrlbed In Example 1, there can be
obtained a carbonaceous material, depending on the type of
starting material, whlch has a charge and dlscharge capacity

hlgher than the theoretical as expected by graphite.

Prellminary Experiment 2
Initially, petroleum pitch (I/C atomic ratio of 0.8 -
0.8) was oxidized to provide a carbon precursor having an

oxygen content of 15.4 wt%. To the precursor were added

_21_
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various phosphorus compounds (ortho-phosphoric acid,
phosphoric anhydride (phosphorus pentaoxide) and various
phosphorates), followed by carbonization in a stream of
nitrogen at 500° for 5 hours.

Thereafter, the carbonized beads were powdered in a
mill and charged into a crucible, followed by firing in a
stream of nitrogen at a heating rate of 5°C/minute at an
ultimate temperature of 1100°C for a time of 1l hour for
whlch the ultimate temperature was maintained.

After cooling, the product was powdered and classified
through a mesh to a size of not larger than 38 g m.

These carbonaceous materials were evaluated using test
cells.

For the fabricatlon of the test cell, the carbonaceous
materials were, respectively, pre-heated, Iimmediately prilor
to preparation of a mix for negatlve electrode, In a stream
of Ar under conditlons of a heating rate of about
30°C/minute, a temperature of 800°(C and a holding time of 1
hour at the temperature. Thereafter, polyvinylidene
fluoride used as a binder was added to the material In an

amount of 10 wt% based on the carbonaceous material,

followed by mixing with dlmethylformamlide solvent and drying
Lo obtain a negative electrode mix. Subsequently, 37 mg of

the mix was molded along with a Ni mesh used as a current

collector into a pellet with a diameter of 15.5 mm, thereby

- 29 -
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obtaining a carbon electrode. The test cell had the

following arrangement.

Cell arrangement

coin-shaped cell (diameter of 20 mm, thickness of 2.5

nm)
counter electrode: L1 metal
separator: porous film (polypropylene)

electrolyte: 1 mole/l of LICLOA dlssolved in a mixed

solvent (1:1 by volume) of propylene carbonate and

methoxyvethane
current collector: copper folil
The test cell with the above'arrangement was repeatedly
charged and discharged five tlmes and reached a stationary

state, whereupon a discharge capacity per g of the

carbonaceous material constituting the carbon electrode was
measured. The doping of 11thium In the carbon electrode
(chargling: strilctly speaking, although the process of doplng
In carbon In this test method 1{sg not charging but
dischargling, the doping process 1s called charglng and the
de-doping process 1s called discharging only for convenience'
sake In view of the situatlon of actual cell) was performed
at a current density of 0.53 mA/cim™ by repetition of the
cycle of one hour charging/two-hour break until a balanced

voltage reached 0 at the time of the break. The discharge

(de-doping of lithlum from Lthe carbon) was performed at a
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current density of 0.53 mA/cm2 by repetition of 1 hour
discharging/two-hour break wherein a terminal voltage of 1.5
V was determined as a cut-off voltage.

As a result, all the phosphorus compounds could ilmprove

the discharge capaclty of the carbonaceous material and the

effect of the addition was in the order of

anhydride>phosphoric acld>monobasic salt>dibasic salt.
IFlg. 8 1s a characteristic view showing the relation

between the amount of phosphorus compounds (phosphorus

pentaoxide and meta-phosphoric acid) added to the carbon

precursor and the discharge capaclty. With meta-phosphoric
acld, the discharge capaclty becomes maximal when the acid
1s added in about 5 wt%, over which it 1is kept almost
constant. On the other hand, the capacity becomes maximal
at 10 wt% for phosphorus pentaoxlde, over which the
discharge capaclty 1s lowered. The comparlson between
meta-phosphoric acld and phosphorus pentaoxlde reveals that

the latter has a greater effect.

In Table 1, there is shown the dlscharge capacity in

case where typlcal phosphorus compounds are added.

~ 24 ~



Table 1
phosshorus Compound  Amount (ve%) Dischares commetey
(mAh/g)
. - .
NazllPOz « 5Hz0 8.8 388
NazHPO4 -« 20120 6.7 431
P=20s (dry) 5.8 494
P>20s + Hz20 5.8 466
HaPO a4 4.0 430

When the carbonaceous material Is used as the negative
electrode of non-aqueous electrolyte cell, the surface

separatlon (dooz) of the carbonaceous material and the
exothermlc peak temperature (Tp) appearing in the DTA curve
ls conslidered to have the close relation with the cell
characteristlics.

Accordingly, how dps- and Tp are varlied by the addition

of a phosphorus compound and the relation between the
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characteristics and the variations were determined.

As a result, it was fTound that dog= = 3.73 angstroms
when meta-phosphoric acid was added in 2 wt%, deoo= = 3.71

angstroms when added in 4 wt%, doo=z = 3.73 angstroms when

added in 6 wt%, and doo=z = 3.71 angstroms when phosphorus

pentaoxide was added in 68 wt%. The exothermic peak

temperature in the DTA curve was changed as shown in Fig. 9.
In view of these results, the variations ol the

respective parameters caused by the additlon of the

phosphorus compounds are not SO proncunced and the

improvements of the characteristics are not directly
proportional to the variatlons of the parameters, other
factors being assumed to contribute to the improvements.

Moreover, the relation between the phosphorus compounds

belng added and the content of phosphorus left in the
carbonaceous material was determined. The residual amount
of phosphorus was measured |In the same mannor as 1in
Prellminary Experlment 1. The results are shown In Flg. 10.

As the amount of the phosphorus compound Increases, the

content of phosphorus left in the carbonaceous material
eventually iIncreases, with the tendency that the residual
amount of phosphorus 1s saturated at approximately 3 wt%.

Accordingly, the amount of phosphorus left in

carbonaceous material should preferably be 0.2 - 3 wt%, more

preferably 0.5 - 5 wt%.



Based on the results of the above Preliminary
Experiment, a carbonaceous material which had been fired by
adding a phosphorus to a carbon precursor obtalned by
Introducing an oxygen-containing functional group into

petroleum piltch was used to assemble a non-aqueous secondary

cell for determination of its characteristics.

Example 3

A petroleum piltch whose [I/C atomle ratlo was
appropriately selected from a range of 0.6 - 0.8 was broken

Into pleces and subjected to oxidation treatment in a stream

of oxygen to obtain a carbon precursor. The carbop
precursor had a quinoline insoluble content (centrifugal
method by JIS: K2425-1983) of 80% and an oxygen content (by
organic element analysis) of 15.4 wt%.

6 wt% of phosphorus pentaoxide (P-0= was added to the
carbon precursor, which was carbonized In a stream of
nitrogen at 500° for 5 hours, rollowed by heating to 1100°C
for 1 hour.

The resultant carbonaceous materlal was used to
constitute a cell as fTollows.

The carbonaceous material was inltlally powdered by
means of a mortar and classlifled through a sleve to collect
particles with a size of 390 mesh or below.

100 mg of polyvinylldene fluorlde used as a binder was

added to 1 g of the carbonaceous materlial, and
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dimethylformamide was used to make a paste, followed by
application to a stainless steel gauze, drying and pressing
at a pressure of 5 tons/cm®. The applied gauze was punched
into a suitable form for use as a negative electrode. The

net weilght of the carbonaceous material was 32.4 mg.

A positive electrode was made using LiNie. 2C0o. s0= as
an active substance. 6 g of graphite and 3 g of
polyethylene tetralfluoride were added to and well mixed with |
91 g of LiNio., 2C00. 802, after which 1 g of the mixture was
placed in a mold and subjected to compression molding at a
pressure of 2 tons/cm® to obtain an electrode of a disk

shape.

The thus obtalned positive and negative electrodes were
used. A solution of 1 mole/l of LiClO4 in a mixed solution
of propylene carbonate-1,2-dimethoxyethane (ratio by volume
of 1:1) and a polypropylene non-woven fabric were used (o
make a coin-shaped cell. The cell made use of the active
substance In such an amount that positive
electrode>>negative electrode from the standpoint of the
electrochemlcal equivalence as regulated by the negative

electrode.

Comparative Example 3

In the same manner as 1n Example 3 except that
phosphorus pentaoxide was not added upon carbonization of

the carbon precursor, there was obtained a coin-shaped cell.

...28...
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With regard to Example 3 and Comparative Example 3,
discharge curves were drawn. The results are shown in Fig.
11. In the figure, the solid line indlcates the discharge
curve of Example 3 and the broken line indicates the
discharge curve of Comparative Example 3.

From Fig. 11, 1t will be seen that the cell using the
fired product to which the phosphorus compound is added is
signlficantly better with respect to the capacity.

The cells of Example 3 and Comparatlve Example 3 were
subjected to determined of a cycle characteristic. In the
charge and discharge test, the current density was 0.53
mA/cm® for both charge and discharge under a constant
current and the cut-offr voltage of the discharge was set at
1.5 V. The results are shown in Flg. 12.

In Flg. 12, 1llne a 1Is a cycle characteristic in case
where the cell of Example 3 was charged at 360 mAb/g, llne b
ls a cycle characterlistlic In case where the cell of
Comparatlve Example 3 was charged at 360 mAh/g and line ¢ is
& cycle characteristic in case where the cell of Comparative
Lxample 3 was charged at 320 mAh/g.

With the cell of Example 3, it exhibits a good cycle
characterlstic when charged at 360 mAh/g. In Comparative
Example 3, the life 1g very short. When the cell of
Comparative Example 3 was charged at 320 mAh/g, a good cycle

characteristic is obtained but the discharge capaclity is
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small.

Specific examples of the invention are described, which

should not be construed as limiting the invention thereto.

Various variations may be possible without departing from

the scope of the invention.

As will be apparent from the foregoing, the
carbonaceous material of the Inventlon contalns phosphorus
and the present inventlon can provide a carbonaceous
materlial capable of doping lithium in large amounts.

According to the method of the Invention, there can be
prepared a carbonaceous material having good characterlstics
by a simple procedure and especlally a carbonaceous material
which has great capabllity of doping 1lithium and a good
charge and dlscharge efflclency (de-doping/dopling amounts).

In the non-aqueous electrolyte cell of the Invention,

the carbonaceous materlal having great capabllity of doping

Lithlum and a good charge and dlscharge efflcliency lIs used
as a negatlive electrode whereby one can realize a charge and
discharge capacity which Is higher than the theoretical as
in the case using graphite as a negative electrode. Thus,

Lt Is possible to provide the cell having excellent cycle

characterlstics and an excellent charge and discharge

efficiency.

._.3()...
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WE CLAIM AS OUT INVENTION:
1. A carbonaceous material having an interlayer
spacing, deoo=, of not less than 3.70 angstroms and a true
density of less than 1.70 g/cm®,. having no exothermic peak

at not less than 700°C as measured by a diffraction thermail
analysis 1n alr stream, and containing from 0.2 to 5.0

welght % of phosphorus.

2. A carbonaceous material according to Claim 1,

whereln saild carbonaceous material 1s obtained by

carbonizing an organic material.

3. A carbonaceous material according to Claim 2,

whereln saild organic material is a furan resin.

4. A carbonaceous material according to Clalm 2,
whereln sald organic materlal ils a petroleum pltch having a

H/C atomlc ratio between 0.8 and 0.8 and contalining

functional groups containing oxygen.

5. A non-aqueous electrolyte cell comprising an anode
of a carbonaceous material having an an interlayer spacing,
doo=z, Of not less than 3.70 angstroms and a true density of
less than 1.70 g/cm®, having no exothermic peak at not less

than 700°C as measured by a diffraction thermal analysis in

-31 -



air stream, and containing from 0.2 to 5.0 weight % of

phosphorus, a cathode containing Li, and a non-aqueous

electrolyte.

6. A non-aqueous electrolyte cell according to Claim 5,

wherein said cathode contains Li in an amount of
corresponding to the charge/discharge capaclity of not less

than 350 mAH per gram of saild carbonaceous material.

7. A non-aqueous electrolyte cell according to Claim 5.

wherein said cathode contains L1 in an amount corresponding
to the charge/discharge capaclty of not less than 350 mAH
per gram of sald carbonaceous material.
8. A non-aqueous electrolyte cell according to Claim o,
wherein sald cathode contalns a cathode active material of
the formula, LIMOz, whereln M stands for at least one of Co

and NI.

-3~
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