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(57) ABSTRACT

The sudden generation of heat being frequently caused 1n the
case of the overcharge of a lithium secondary cell which
have a positive electrode comprising a composite metal
oxide of lithium and cobalt or a composite metal oxide of
lithium and nickel, a negative electrode comprising metallic
lithium, a lithium alloy or a material capable of occluding
and releasing lithium, and a nonaqueous electrolyte solution
comprising a nonaqueous solvent and an electrolyte dis-
solved therein can be efficiently prevented by the addition,
to the nonaqueous electrolyte solution, of an organic com-
pound which, when the lithium secondary cell 1s over-
charged, decomposes 1nto a decomposition product capable
of dissolving out the cobalt or nickel contained in the
positive electrode and depositing 1t 10n the negative elec-
trode (for example, a tert-alkylbenzene derivative).
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LITHIUM SECONDARY CELL AND
NONAQUEOUS ELECTROLYTE

FIELD OF INVENTION

[0001] The present invention relates to a lithium second-
ary battery and a non-aqueous electrolytic solution which 1s
favorably employable for the lithium secondary battery. The
invention specifically relates to a lithium secondary battery
improved 1n battery characteristics such as cycle perfor-
mance, battery capacity and storage performance and further
in 1ts safety such as prevention of sudden heat generation
which 1s caused in the case of overcharging, and a non-
aqueous electrolytic solution which 1s favorably employable
for the lithium secondary battery.

BACKGROUND OF INVENTION

[0002] At present, a lithium secondary battery is generally
employed as an electric source for driving small electronic
devices. The lithium secondary battery 1s expected not only
for the use as a potable electronic/communication tool such
as small size video camera, potable phone, and note-size
personal computer but also an electric source of automobile.
The lithium secondary battery essentially comprises a posi-
five electrode, a non-aqueous electrolyte solution, separator,
and a negative electrode. A lithium secondary battery uti-
lizing a positive electrode of lithtum compound oxide such
as L1Co0O, and a negative electrode of carbonaceous mate-
rial or lithium metal 1s generally used. As the electrolyte
solution, a carbonate such as ethylene carbonate (EC) or
propylene carbonate (PC) is generally used.

[0003] When the lithium secondary battery is overcharged
to a level higher than the ordinary working voltage, an
excessive amount of lithium 1s released from the positive
clectrode, and stimultancously excessive lithium deposits on
the negative electrode, and dendrite 1s produced. Therefore,
both of the positive electrode and the negative electrode are
rendered chemically unstable. If both of the positive and
negative electrodes become chemically unstable, they soon
react with carbonate 1n the non-aqueous electrolyte solution
to decompose the carbonate, and sudden exothermic reac-
fion occurs. Accordingly, the battery as such generates
abnormal heat, and trouble of lowering of battery safety
occurs. The trouble will be more serious 1n the case that the
density of a lithium secondary battery increases.

[0004] Japanese Patent Provisional Publication 7-302614,
for 1nstance, proposes that a small amount of an aromatic
compound be added to the electrolyte solution so that the
safety to the overcharging can be ensured and the above-
described trouble can be obviated. The Japanese Patent
Provisional Publication 7-302614 describes anisole deriva-
fives that have a molecular weight of not more than 500 and
a m-electron orbital showing a reversible oxidation-reduc-
fion potential at a potential of more noble than the positive
electrode potential 1n the case of full charging. It 1s explained
that the anisole derivative functions as a redox shuttle 1n the
battery so as to ensure safety of battery when the battery 1s
overcharged.

[0005] Japanese Patent Provisional Publication 9-106835
discloses a method for ensuring safety of a battery under
overcharging condition by employing carbonaceous mate-
rial as the negative electrode and incorporating approx. 1 to
4% of an additive such as biphenyl, 3-R-thiophene, 3-chlo-
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rothiophene or furan into the electrolyte solution so that
biphenyl or the like produces a polymer to enhance internal
resistance of the battery when the voltage of the battery
exceeds the predetermined maximum working voltage.

[0006] Japanese Patent Provisional Publication 9-171840
discloses a method for ensuring safety of a battery under
overcharging condition by similarly employing biphenyl,
3-R-thiophene, 3-chlorothiophene or furan which polymer-
1Zes to produce gaseous material so as to initiate the internal
current-disconnecting apparatus for forming internal short-
circuit when the voltage of the battery exceeds the prede-
termined maximum working voltage.

[0007] Japanese Patent Provisional Publication 10-321258
discloses a method for ensuring safety of a battery under
overcharging condition by similarly employing biphenyl,
3-R-thiophene, 3-chlorothiophene or furan which polymer-
1Zzes to produce an electro-conductive polymer for forming
internal short-circuit when the voltage of the battery exceeds
the predetermined maximum working voltage.

[0008] Japanese Patent Provisional Publication 11-162512
points out a problem i1n the use of an additive such as
biphenyl or the like 1n a battery in that the battery charac-
teristics such as cycle characteristic are apt to lower when
the cyclic procedure 1s repeated up to a voltage exceeding
4.1 V or the battery 1s discharged at a high temperature
exceeding 40° C. for a long period of time, and that this
problem 1s more prominently observed when the addition
amount of addifive increases. For ensuring a battery under
over-charging condition, this publication then proposes an
clectrolyte solution 1in which 2,2-diphenylpropane or other
additive 1s 1incorporated and the 2,2-diphenylpropane or the
like polymerizes to produce a gaseous material to 1nitiate the
internal current-disconnecting apparatus or give an electro-
conductive polymer for forming the internal short-circuit
when the voltage of the battery exceeds the predetermined
maximum working voltage.

[0009] Although the anisole derivative disclosed in Japa-
nese Patent Provisional Publication 7-302614 favorably
functions by-redox shuttle 1n the case of overcharging, it has
problems 1n that adverse effects are observed On cycle
characteristics and storage stability. In more detail, the
anisole derivative described in the publication gradually
decomposes 1n the charge-discharge procedure when the
battery 1s employed at a high temperature such as higher
than 40° C. or subjected locally to a relatively high voltage
in the use at an ordinary working voltage. Therefore, the
battery characteristics lower. Thus, the amount of an anisole
derivative gradually decreases 1n the course of ordinary
charge-discharge procedures, and hence the safety may not
be ensured after the charge-discharge procedures of 300
cycles.

[0010] The biphenyl, 3-R-thiophene, 3-chlorothiophene,
and furan described-in Japanese Patent Provisional Publica-
tions 9-106835, 9-171840, and 10-321258 also favorably
work when overcharging occurs. However, as 1s pointed out
in the aforementioned Japanese Patent Provisional Publica-
fion 11-162512, they impart adverse effect to the cycle
characteristics and storage stability. Further, the adverse
cllect increases when the amount of biphenyl and the like 1s
increased. In more detail, the biphenyl or the like 1s oxidized
and decomposes at a potential of 4.5 V or less. Therefore, the
biphenyl or the like decomposes 1n the charge-discharge
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procedure when the battery 1s employed at a high tempera-
ture such as higher than 40° C. or subjected locally to a
relatively high voltage in the use at an ordinary working
voltage. Therefore, the battery characteristics lower. Thus,
the amount of a biphenyl or the like gradually decreases in
the course of ordinary charge-discharge procedures, and
hence the safety may not be ensured after the charge-
discharge procedures of 300 cycles.

[0011] The battery containing 2,2-diphenylpropane which
1s described 1n Japanese Patent Provisional Publication
11-162512 does not show such a high safety at the time of
overcharging as the safety shown in the battery containing
biphenyl. However, it still show a high safety at the time of
overcharging, as compared with a battery containing no
additive. Further, although the battery containing 2,2-diphe-
nylpropane shows high cycle characteristics as compared
with the cycle characteristics shown 1n the battery contain-
ing biphenyl, 1t still does not show such high cycle charac-
teristics, as compared with a battery containing no additive.
Thus, the publication describes that the good cycle charac-
teristics may be accomplished only when the safety is
partially 1gnored. In consequence, it does not satisfy either
battery characteristics or safety such as prevention of over-
charging.

[0012] The invention has an object to provide a lithium
secondary battery which are free from the above-mentioned
problems, that 1s, which 1s 1mproved 1n safety such as
prevention of sudden heat generation at the time of over-
charging, and other battery characteristics such as cycle
characteristics, electric capacity and storage stability.

0013] DISCLOSURE OF INVENTION

0014] The present invention resides in a method of pre-
venting sudden heat generation when a lithium secondary
battery comprising a positive electrode comprising a com-
posite metal oxide of lithium and cobalt or a composite
metal oxide of lithium and nickel, a negative electrode
comprising a lithium metal, a lithium alloy or a material
capable occluding and releasing lithium, and a non-aqueous
clectrolyte solution comprising an electrolyte 1n a non-
aqueous solvent 1s overcharged, which comprises dissolving
an organic compound 1n the non-aqueous electrolyte solu-
tion, decomposing the organic compound when the over-
charging takes place, to give a decomposed product, the
decomposed product functioning to dissolve cobalt or nickel
out of the positive electrode, and deposit the cobalt or nickel
an the negative electrode.

[0015] The invention further resides in a lithium second-
ary battery comprising a positive electrode comprising a
composite metal oxide of lithium and cobalt or a composite
metal oxide of lithium and nickel, a negative electrode
comprising a lithium metal, a lithium alloy or a material
capable occluding and releasing lithtum, and a non-aqueous
clectrolyte solution comprising an electrolyte 1n a non-
aqueous solvent, 1n which an organic compound 1s contained
in the non-aqueous electrolyte solution, said organic com-
pound decomposing when overcharging of the secondary
battery takes place to give a decomposed product, said
decomposed product functioning to dissolve cobalt or nickel
out of the positive electrode and deposit the cobalt or nickel
on the negative electrode.

[0016] The invention furthermore resides in a lithium
secondary battery comprising a positive electrode c¢ rising a
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composite metal oxide of lithrum and cobalt or a composite
metal oxide of lithium and nickel, a negative electrode
comprising a lithium metal, a lithium alloy or a material
capable occluding and releasing lithium, and a non-aqueous
clectrolyte solution comprising an electrolyte in a non-
aqueous solvent, 1n which the non-aqueous electrolyte solu-
fion contains an organic compound having an oxidation
potential 1n the range of +4.6 V to +5.0 V, which 1s
determined relatively to the oxidation potential of lithium.

[0017] The invention furthermore resides in a non-aque-
ous electrolyte solution to be used for a lithium secondary
battery comprising a positive electrode comprising a com-
posite metal oxide of lithium and cobalt or a composite
metal oxide of lithium and nickel, a negative electrode
comprising a lithium metal a lithium alloy or a material
capable occluding and releasing lithtum, and a non-aqueous
clectrolyte solution comprising an electrolyte 1n a non-
aqueous solvent, which further contains an organic com-
pound having an oxidation potential in the range of +4.6 V
to +5.0 V, which 1s determined relatively to the oxidation
potential of lithrum.

|0018] As described hereinbefore, known methods for
preventing sudden heat generation caused by overcharging
(i.c., thermal runaway) so as to ensure safety of the battery
are as follows: the method of functioning redox shuttle at a
potential of approx. 4.5 V, the method of increasing the
internal resistance by producing a polymer at a potential of
4.5 V or lower; and the method of forming a short circuit in
the battery by producing a gaseous material to initiate an
internal current-disconnecting device or by producing an
electro-conductive polymer.

[0019] In contrast, the mechanism of the prevention of
overcharging according to the invention 1s considered as
follows:

[0020] When the battery is overcharged, the above-men-
tioned compound contained 1n the non-aqueous electrolyte
solution oxidatively decomposes at a potential 1in the range
of +4.6 V to +5.0 V, as compared with the lithium, and cobalt
or nickel 1n the positive electrode dissolves out and deposits
on the negative electrode. It 1s assumed that the cobalt or
nickel deposited on the negative electrode prevent reaction
between the lithium metal deposited on the negative elec-
trode and the carbonate contained in the non-aqueous elec-
trolyte solution.

[0021] Further, the deposition of cobalt or nickel on the
negative electrode of the battery may sometimes cause
formation of short circuit so that the prevention of over-
charging can be made. Thus, the safety of battery 1s sufli-
ciently ensured.

[0022] Furthermore, since the aforementioned organic
compound has a high oxidation potential of +4.6 V to +5.0
V, as compared with the oxidation potential of lithrum, the
organic compound does not decompose at a temperature of
40° C. or higher, in the course of repeated charge-discharge

procedures and in the case that the voltage locally exceeds
4.2 V.

[10023] Accordingly, a lithium secondary battery having
not only good safety for preventing overcharging but also
oood battery characteristics such as cycle characteristics,
battery capacity and storage stability 1s provided.
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0024] [Best Embodiments for Performing Invention]

0025] Examples of the organic compounds to be incor-
porated 1nto the electrolyte solution according to the imven-
tion 1nclude the following compounds. The oxidation poten-
tial of each organic compound, as compared with that of
lithium (determined in the manner described in the below-
stated working examples) 1s described in parenthesis.

[0026] As the organic compound, at least one of tert-
alkylbenzene derivatives 1s preferably used. Examples are as
follows: tert-butylbenzene derivatives such as tert-butylben-
zene (4.9 V), 1-fluoro-4-tert-butylbenzene (4.9 V), 1-chloro-
4-tert-butylbenzene (4.9 V), 1-bromo-4-tert-butylbenzene
(4.9 V), 1-iodo-4-tert-butylbenzene (4.9 V), 5-tert-butyl-m-
xylene (4.6 V), 4-tert-butyltoluene (4.7 V), 3,5-di-tert-bu-
tyltoluene (4.8 V), 1,3-di-tert-butyl-benzene (4.9 V), 1,4-di-
tert-butylbenzene (4.9 V), 1,3,5-tri-tert-butylbenzene (S5.0
V), and tert-alkylbenzene derivatives such as tert-pentylben-
zene (4.8 V), 1-methyl-4-tert-pentylbenzene (4.7 V), 5-tert-
pentyl-m-xylene (4.6 V), 1-ethyl-1-(methylpropyl)benzene
(4.8 V), (1,1-di-ethylpropyl)benzene (4.8 V), 1,3-di-tert-
pentylbenzene (4.7 V), and 1,4-di-tert-pentylbenzene (4.7
V).

[0027] As the organic compound, cyclohexylbenzene (4.7
V) 1s also employed. Particularly, if a portion of the organic
compound having a high oxidation potential such as within
4.8-5.0 V such as the above-mentioned tert-butylbenzene 1s
replaced with cyclohexylbenzene having a low oxidation
potential such as 4.7 V, the prevention of overcharging 1s
enhanced. In the case that a portion of the tert-butylbenzene
1s replaced with cyclohexylbenzene, the tert-butylbenzene 1s
preferably employed in an amount of 4 or less parts, more
preferably 0.3 to 3 parts, most preferably 0.5 to 2.5 parts, per
one part of cyclohexylbenzene. As 1s described above, the
use of combination of two or more organic compounds
having different oxidation potentials 1s effective to enhance
the prevention of overcharging. However, the compound of
the present invention 1s not restricted by these compounds,
so long as the organic compounds decompose at a potential
in the range of +4.6 V to +5.0 V and the cobalt or nickel in
the positive electrode dissolves 1n the solution at the time of
overcharging.

[0028] If the amount of the organic compound is exces-
sively large, the electric conductivity of the electrolyte
solution may vary and hence the battery characteristics may
lower. If the amount 1s too small, enough effect to prevent
sudden heat generation caused by overcharging 1s attained.
The amount preferably 1s in the range of 0.1 to 10 weight %,
more preferably 1 to 5 weight %, per the amount of the
clectrolyte solution.

10029] Examples of the non-aqueous solvents employed in
the mvention include cyclic carbonates such as ethylene
carbonate (EC), propylene carbonate (PC), butylene carbon-
ate (BC), and vinylene carbonate (VC); lactones such as
v-butylolactone; linear carbonates such as dimethyl carbon-
ate (DMC), methyl ethyl carbonate (NEC), and diethyl
carbonate (DEC); ethers such as tetrahydrofuran, 2-methyl-
tetrahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, 1,2-di-
cthoxyethane, and 1,2-dibutoxyethane; nitrites such as
acetonitrile; esters such as methyl propionate, methyl piv-
alate and octyl pivalate; and amides such as dimethylfor-
mamide.

[0030] The non-aqueous solvents can be employed singly
or 1n combination of two or more. There are no limitations
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with respect to the combinations. Examples are a combina-
fion of a cyclic carbonate and a linear carbonate, a combi-
nation of a cyclic carbonate and a lactone, and a combination
of three cyclic carbonates and a linear carbonate.

[0031] Examples of the electrolytes include LiPF, LiBF,
LiCl1O,, LiN(SO,CF,),, LIN(SO.C,F.),, LiC(SO,CF,),,
LiPF,(CF;),, LiPF;(C,Fs);, LiPF;(CF;);, LiPF;(iso-
C,F,),, and LiPF_(iso-C,F,). These electrolytes can be
employed singly or in combination of two or more. Gener-
ally, the electrolyte can be incorporated into the non-aqueous
solvent 1n such an amount to give an electrolyte solution of

0.1 M to 3 M, preferably 0.5 M to 1.5 M.

[0032] The electrolyte solution can be prepared, for
instance, by mixing the above-mentioned non-aqueous sol-
vents and dissolving at least one organic compound 1n the
mixed solvents.

[0033] The electrolyte solution of the invention is favor-
ably employable as an element for manufacture of a sec-
ondary battery, particularly a lithium secondary battery.
There are no specific restrictions with respect to other
constitutional elements. Various heretofore-employed ele-
ments can be used.

[0034] For instance, compound metal oxides comprising
lithium and cobalt or nickel are employable as the positive
clectrode active materials. Examples of the compound metal
oxides 1nclude LiCoO,, LiN1O,, and LiCo, N1 O,
(0.01<x<1). Further, a mixture of LiCoO, and LiMn,O,, a
mixture of L1Co0O, and LiN10,, and a mixture of LiMn,O,
and LiN1O, can be employed.

[0035] The positive electrode can be manufactured by
kneading the above-mentioned positive active material, an
clectro-conductive material such as acetylene black or car-
bon black, and a binder such as poly(tetrafluoroethylene)
(PTFE), poly(vinylidene fluoride) (PVDEF), styrene-butadi-
ene copolymer (SBR), acrylonitrile-butadiene copolymer
(NBR), or carboxymethylcellulose (OMC) to give a positive
clectrode composition; coating the positive electrode com-
position on a collector such as aluminum foil, stainless foil,
or lath plate; and heating the coated composition 1n vacuo at
a temperature of approximately 50 to 250° C. for approxi-
mately 2 hours.

[0036] As the negative electrode active material, a lithium
metal, lithium alloys, carbonaceous materials capable of
occluding and releasing lithium (thermally decomposed
carbons, cokes, graphites (artificial graphite and natural
graphite), fired organic polymer compounds, carbonaceous
fibers), and compound tin oxides can be employed. It is
preferred to employ carbonaceous materials having a graph-
ite crystal structure 1n which the lattice distance of lattice
surface (002), namely, d,q,, 1s in the range of 0.335 to 0.340
nm (nanometer). The negative electrode active material in
the powdery form such as carbonaceous powder 1s prefer-
ably used in combination with a binder such as ethylene
propylene diene terpolymer (EPDM), polytetrafluoroethyl-
enc (PTFE), poly(vinylidene fluoride) (PVDF), styrene-
butadiene copolymer (SBR), acrylonitrile-butadiene copoly-
mer (NBR) or carboxymethylcellulose (OMC).

[0037] There are no specific limitations with respect to the
structure of the non-aqueous secondary battery. For instance,
the non-aqueous secondary battery can be a battery of coin
type or a polymer battery comprising a positive electrode, a
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negative electrode, and single or plural separators, or a
cylindrical or prismatic battery comprising a positive elec-
trode, a negative electrode, and a separator roll. The sepa-
rators can be known separators such as micro-porous sepa-
rators of polyolefin, other micro-porous films, woven fabrics
and non-woven fabrics.

[0038] The lithium sec battery of the invention shows
excellent cycle characteristics for a long period of time even
at a high working voltage such as a voltage higher than 4.2
V, and further shows excellent cycle characteristics even at
4.3 V. The cut-off voltage can be 2.0 V or higher and
moreover can be 2.5 V or higher. The current value 1s not
limited. Generally, the battery works at a constant cent
discharge of 0.1 to 3 C. The lithium secondary battery of the
invention can be charged and discharged in the broad

temperature range of —40° C. to 100° C., preferably within
0 to 80° C.

[0039] The present invention is further described by the
following examples and comparison examples.

EXAMPLE 1
0040] (Measurement of Oxidation Potential)

0041] LiPF, was dissolved in propylene carbonate (non-
aqueous solvent) to give an electrolyte solution (concentra-
tion: 1 M). In the electrolyte solution was dissolved tert-
butylbenzene 1n an amount of 2 weight W. The oxidation
potential was measured at room temperature (20° C.) by
means of an electrochemical analyzer (Model 608A, avail-
able from ALS Corporation). The reference electrode was a
lithium metal, and the working electrode was a platinum
pole electrode (diameter 1 mm). The scanning was made
from +3 V to +6 V at a rate of 10 mV/sec. The potential value
at which a current variation of 0.1 mA was observed was
determined to be the oxidation potential. The measured
value was rounded to two decimal places. As a result, the
oxidation potential of tert-butylbenzene was determined to

be 4.9 V.
[0042] (Preparation of Electrolyte Solution)

[0043] A non-aqueous mixture of EC/PC/DEC (30/5/65,
volume ratio) was prepared. In the aqueous mixture was
dissolved LiPF. at a concentration of 1 M. Further, tert-
butylbenzene was placed in the electrolyte solution at a
concentration of 2 weight %.

0044] (Manufacture of Lithium Secondary Battery and
Measurements of Battery Characteristics)

0045] LiCoO, (positive electrode active material, 90 wt.
%), acetylene black (electro-conductive material, 5 wt. %),
and poly(vinylidene fluoride) (binder, 5 wt. %) were mixed.
To the resulting mixture was added 1-methyl-2-pyrrolidone.
Thus produced mixture in the form of slurry was coated on
aluminum foil, dried, and pressed to give a positive elec-
trode.

0046] Artificial graphite (negative electrode active mate-
rial, 95 wt. %) and poly(vinylidene fluoride) (binder, 5 wt.
%) were mixed. To the resulting mixture was further added
1-methyl-2-pyrrolidone. Thus produced mixture 1n the form
of slurry was coated on copper foil, dried, and pressed to
og1ve a negative electrode.

[0047] The positive and negative electrodes, a micro-
porous polypropylene film separator, and the above-men-
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tioned non-aqueous electrolytic solution were combined to
manufacture a cylindrical battery (18650 size, diameter: 18
mm, thickness: 65 mm). The battery were equipped with a
pressure-releasable opening and an internal current-discon-
necting device.

[0048] The 18650 battery was charged at a high tempera-
ture (45° C.) with a constant electric current (1.45 A, 1C)
under constant voltage to reach 4.2 V and further charged to
the terminal voltage 4.2 V. The total period of time was 3
hors. Subsequently, the battery was disc ed to give a constant
electric current (1.45 A, 1C) to give a terminal voltage of 2.5
V. The charge-discharge cycle was repeated.

[0049] The initial discharge capacity was almost the same
as the capacity measured 1n a battery using an 1M LiPF, and
an EC/PC/DEC (30/5/65, volume ratio) solvent mixture (see

Comparison Example 1).

[0050] After the 300 cycle charge-discharge procedures,
the retention of discharge capacity was 85.5% of the 1nitial
discharge capacity (100%). The high temperature storage
stability was also good. The 18650 battery having been
subjected to the 300 cycle charge-discharge procedures was
then overcharged by continuously charging the full charged
battery further at a room temperature (20° C.) under a
constant current (2.9 A, 2C). The current was disconnected
after 25 minutes, and the highest surface temperature of the
battery after the current disconnection was 68° C.

[0051] The materials and conditions of the 18650 size
cylindrical battery and the battery characteristics are set
forth 1n Table 1.

EXAMPLE 2

[0052] The procedures of Example 1 were repeated except
that tert-butylbenzene was added to the electrolyte solution
in an amount of 5 weight %, to measure the oxidation
potential The result 1s set forth 1n Table 1.

[0053] The materials and conditions of the 18650 size

cylindrical battery as well as the discharge capacity retention
after the 300 cycle charge-discharge procedures, the current
disconnection period, and the highest surface temperature of

the battery after the current disconnection are set forth in
Table 1.

EXAMPLE 3

[0054] The procedures of Example 1 were repeated except
that each of tert-butylbenzene and cyclohexylbenzene was
added to the electrolyte solution 1n an amount of 1 weight %,

to measure the oxidation potentials. The results are set forth
in Table 1.

[0055] The materials and conditions of the 18650 size
cylindrical battery as well as the discharge capacity retention
after the 300 cycle charge-discharge procedures, the current
disconnection period, and the highest surface temperature of
the battery after the current disconnection are set forth in

Table 1.

[0056] It is understood that the temperature after current
disconnection 1s low and the current disconnection period 1s
short, as compared with those measured in Example 1.
Accordingly, 1t 1s understood that the effect of preventing
overcharging 1s higher than that shown 1n Example 1.
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EXAMPLE 4

[0057] The procedures of Example 1 were repeated except
that 1-bromo-4-tert-butylbenzene was added to the electro-
lyte solution 1n an amount of 2 weight %, to measure the
oxidation potential. The result 1s set forth 1n Table 1.

|0058] The materials and conditions of the 18650 size
cylindrical battery as well as the discharge capacity retention
after the 300 cycle charge-discharge procedures, the current
disconnection period, and the highest surface temperature of
the battery after the current disconnection are set forth in

Table 1.

COMPARISON EXAMPLE 1

[0059] The procedures of Example 1 were repeated except
that tert-butylbenzene was not added to the electrolyte
solution, to measure the oxidation potential. The result 1s set

forth 1n Table 1.

[0060] The materials and conditions of the 18650 size

cylindrical battery as well as the discharge capacity retention
after the 300 cycle charge-discharge procedures, the current
disconnection period, and the highest surface temperature of

the battery after the current disconnection are set forth in
Table 1.

COMPARISON EXAMPLES 2 TO 4

[0061] The procedures of Example 1 were repeated except
that, in place of tert-butylbenzene, 4-fluoroanisole (Com-
parison Example 2), 2-chlorothiophene (Comparison
Example 3) or biphenyl (Comparison Example 4) was added
to the electrolyte solution in an amount of 2 weight 6, to
measure the oxidation potential. The results are set forth in

Table 1.

[0062] The materials and conditions of the 18650 size

cylindrical battery as well as the discharge capacity retention
after the 300 cycle charge-discharge procedures, the current
disconnection period, and the highest surface temperature of

the battery after the current disconnection are set forth in
Table 1.

EXAMPLE 5

[0063] The procedures of Example 1 were repeated except
that LiCoO, (positive electrode active material) was
replaced with LiN1, ,Co, ,O,, an electrolyte solution of 1 M
LiPF, in a non-aqueous solvent of EC/PC/VC/DEC (30/5/
2/63, volume ratio) was employed, and tert-butylbenzene
was added to the electrolyte solution 1n an amount of 3
welght %, to manufacture a 18650 size cylindrical battery
and measure the battery characteristics. The materials and
conditions of the 18650 size cylindrical battery and the
battery characteristics are set forth 1n Table 1.

EXAMPLE 6

[0064] The procedures of Example 1 were repeated except
that LiCoO, (positive electrode active material) was
replaced with LiN1, ,Co, ,O,, an electrolyte solution of 1 M
LiPF, in a non-aqueous solvent of EC/PC/VC/DEC (30/5/
2/63, volume ratio) was employed, and tert-butylbenzene
and cyclohexylbenzene were added to the electrolyte solu-
fion 1n amounts of 2 weight % and 1 weight A, respectively,
to manufacture a 18650 size cylindrical battery and measure
the battery characteristics. The materials and conditions of
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the 18650 si1ze cylindrical battery and the battery character-
istics are set forth 1n Table 1.

COMPARISON EXAMPLE 5

[0065] The procedures of Comparison Example 1 were
repeated except that LiCoO, (positive electrode active mate-
rial) was replaced with LiNi, ;Co,,0,, to manufacture a
18650 size cylindrical battery and measure the battery
characteristics. The materials and conditions of the 18650
size cylindrical battery and the battery characteristics are set

forth 1n Table 1.

EXAMPLE 7

[0066] The procedures of Example 1 were repeated except
that tert-butylbenzene was replaced with tert-pentylbenzene
in an amount of 2 weight %, to manufacture a 18650 size
cylindrical battery and measure the battery characteristics.
The materials and conditions of the 18650 size cylindrical

battery and the battery characteristics are set forth 1in Table
1.

EXAMPLE &

[0067] The procedures of Example 1 were repeated except
that tert-butylbenzene was replaced with a combination of
tert-butylbenzene and tert-pentylbenzene both in amounts of
2 weight %, to manufacture a 18650 size cylindrical battery
and measure the battery characteristics. The materials and
conditions of the 18650 size cylindrical battery and the
battery characteristics are set forth 1in Table 1.

EXAMPLE 9

[0068] The procedures of Example 1 were repeated except
that tert-pentylbenzene and cyclohexylbenzene were added
to the electrolyte solution 1 amounts of 2 weight % and 1
welght %, respectively, to manufacture a 18650 size cylin-
drical battery and measure the battery characteristics. The
materials and conditions of the 18650 size cylindrical bat-
tery and the battery characteristics are set forth 1in Table 1.

EXAMPLE 10

[0069] The procedures of Example 1 were repeated except
that tert-butylbenzene, tert-pentylbenzene and cyclohexyl-
benzene were added to the electrolyte solution 1n amounts of
2 wt. %, 2 wt. %, and 1 wt. %, respectively, to manufacture
a 18650 size cylindrical battery and measure the battery
characteristics. The materials and conditions of the 18650

size cylindrical battery and the battery characteristics are set
forth 1n Table 1.

[0070] In all of the above-mentioned Examples, a suffi-
cient amount of cobalt or nickel was deposited on the
negative electrode when the overcharging took place,
Accordingly, 1t 1s clear that the battery containing the
organic compound of the invention are superior to the
battery of Comparison Example in the safety in the over-
charging and cycle characteristics.
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TABLE 1
Organic Discon. Max. Retention
Pos1./ Compound Oxid. Period Temp. after 300
Nega. (wt. %) Pot. (min.) (°C.) cycle (%)
Ex.1 Li1Co0O,/  tert-butyl- 4.9 25 68 85.5
Art.G. benzene (2)
Ex.2 Li1Co0O,/  tert-butyl- 4.9 23 66 85.1
Art.G. benzene (5)
Fx.3 Li1Co0O,/  tert-butyl- 4.9 18 64 85.3

Art.G. benzene (1)

cyclohexyl- 4.7

benzene (1)

Ex.4 LiCoO,/  1-bromo-4- 4.9 26 69 85.2
Art.G. tert-butyl-
benzene (2)

Com.1 L1CoO,/ None 5.4 31 T.R. 82.8
Art.G.

Com.2 Li1CoO,/ 4-fluoro- 4.5 22 118 72.6
Art.G. anisole (2)

Com.3 Li1CoO,/ 2-chloro- 4.4 19 92 73.3
Art.G.  thiophene (2)

Com.4 L1CoQO,/ biphenyl 4.5 18 33 74.2
Art.G. (2)

Ex.5 (comp)/  tert-butyl- 4.9 24 67 84.7
Art.G.  benzene (3)

Ex.6 (comp)/  tert-butyl- 4.9 19 65 84.3

Art.G. benzene (2)

cyclohexyl- 4.7
benzene (1)

Com.5 (comp)/ None 5.4 31 T.R. 80.4
Art.G.
Ex.7 LiCoO,/  tert-pentyl- 4.8 22 66 85.3
Art.G.  benzene (2)
Ex.8 LicoO,/ tert-butyl- 4.9 20 64 85.2
Art.G.  benzene (2)
tert-pentyl- 4.8
benzene (2)
Fx.9 L1CoO,/  tert-pentyl- 4.8 17 63 34.7

Art.G.  benzene (2)

cyclohexyl- 4.7
benzene (1)
Fx.10 LiCoO,/  tert-butyl- 4.9 17 63 84.9

Art.G.  benzene (2)
tert-pentyl- 4.8
benzene (2)
cyclohexyl- 4.7
benzene (1)

Remarks:

Art.G. = Artificial Graphite

(comp) = LiNi, ;Co, >0,

Oxid. Pot. = Oxidation Potential

Discon. Period = Current Disconnection Period
Max. Temp. = Maximum (Highest) Temperature

Retention after 300 cycle = Retention of Discharge Capacity after 300

Charge-Discharge Cycles Procedures
T.R. = Thermal Runaway

Composition of electrolyte solution (vol. %) Examples 1—4, Comparison
Examples 1-5, and Examples 7-10: 1M LiPF, + EC/PC/DEC (30/5/65,

volume ratio) Examples 5 & 6: 1M LiPF, + EC/PC/VC/DEC (30/5/2/63,
volume ratio)

|0071] The present invention is not limited to the
described examples, and various combinations easily reach-
able from the concept of the mvention can be embodied.
Particularly, the invention 1s not limited to the combination
of solvents described 1n the above-mentioned examples. The
above-described examples are concerned with the 18650
size cylindrical battery. However, the invention 1s applicable
to batteries of the prismatic-type, aluminum-laminated type,
and coin-type.
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INDUSTRIAL UTILITY

[0072] The lithium secondary battery of the invention
shows good safety for preventing overcharging and further
Chows good battery characteristics such as cycle character-
istics, battery capacity and storage stability.

What 1s claimed 1s:

1. A method of preventing sudden heat generation when
a lithium secondary battery comprising a positive electrode
comprising a composite metal oxide of lithium and cobalt or
a composite metal oxide of lithium and nickel, a negative
clectrode comprising a lithrum metal, a lithium alloy or a
material capable occluding and releasing lithium, and a
non-aqueous electrolyte solution comprising an electrolyte
In a non-aqueous solvent 1s overcharged, which comprises
dissolving an organic compound in the non-aqueous elec-
trolyte solution, decomposing the organic compound when
the overcharging takes place, to give a decomposed product,
the decomposed product functioning to dissolve cobalt or
nickel out of the positive electrode, and deposit the cobalt or
nickel on the negative electrode.

2. The method of claim 1, wherein the cobalt or nickel
deposited on the negative eclectrode prevents contact
between lithium 1n the negative electrode and the electrolyte
solution, whereby preventing the heat generation.

3. The method of claim 1, wherein the cobalt or nickel
deposited on the negative electrode produces short circuit
within the battery, whereby preventing the heat generation.

4. A lithum secondary battery comprising a positive
clectrode comprising a composite metal oxide of lithium and
cobalt or a composite metal oxide of lithium and nickel, a
negative electrode comprising a lithium metal, a lithium
alloy or a material capable occluding and releasing lithium,
and a non-aqueous electrolyte solution comprising an elec-
trolyte 1n a non-aqueous solvent, in which an organic
compound 1s contained 1n the non-aqueous electrolyte solu-
tion, said organic compound decomposing when overcharg-
ing of the secondary battery takes place to give a decom-
posed product, said decomposed product functioning to
dissolve cobalt or nickel out of the positive electrode and
deposit the cobalt or nickel on the negative electrode.

5. The lithium secondary battery of claim 4, wherem the
organic ¢ d has an oxidation potential in the range of +4.6 V
to +5.0 V, which 1s determined relatively to the oxidation
potential of lithrum.

6. The lithium secondary battery of claim 5, wherein the
organic compound 1s a tert-alkylbenzene derivative.

7. The lithium secondary battery of claim 6, wherein the
tert-alkylbenzene derivative is tert-butylbenzene, 1-bromo-
4-tert-butylbenzene, or tert-pentylbenzene.

8. The lithium secondary battery of claim 4, wherein the
organic compound 1s a combination of a tert-alkylbenzene
derivative and cyclohexylbenzene.

9. The lithium secondary battery of claim 4, wherein the
organic compound 1s contained 1n the electrolyte solution in
an amount of 0.1 to 10 weight %.

10. A Iithium secondary battery comprising a positive
clectrode comprising a composite metal oxide of lithium and
cobalt or a composite metal oxide of lithium and nickel, a
negative electrode comprising a lithium metal a lithium
alloy or a material capable occluding and releasing lithium,
and a non-aqueous electrolyte solution comprising an elec-
trolyte 1n a non-aqueous solvent, in which the non-aqueous
clectrolyte solution contains an organic compound having an
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oxidation potential 1n the range of +4.6 V to +5.0 V, which
1s determined relatively to the oxidation potential of lithium.

11. The lithtum secondary battery of claim 10, wherein the
organic compound 1s a tert-alkylbenzene derivative.

12. The lithum secondary battery of claim 11, wherein
the tert-alkylbenzene derivative 1s tert-butylbenzene,
1-bromo-4-tert-butylbenzene, or tert-pentylbenzene.

13. The lithium secondary battery of claim 10, wherein
the organic compound 1s a combination of a tert-alkylben-
zene derivative and cyclohexylbenzene.

14. The lithium secondary battery of claim 10, wherein
the organic compound 1s contained in the electrolyte solu-
fion 1n an amount of 0.1 to 10 weight %.

15. A non-aqueous electrolyte solution to be used for a
lithium secondary battery comprising a positive electrode
comprising a composite metal oxide of lithium and cobalt or
a composite metal oxide of lithium and nickel, a negative
clectrode comprising a lithrum metal, a lithium alloy or a
material capable occluding and releasing lithrum, and a
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non-aqueous electrolyte solution comprising an electrolyte
In a non-aqueous solvent, which further contains an organic
compound having an oxidation potential in the range of +4.6
V to +5.0 V, which 1s determined relatively to the oxidation
potential of lithrum.

16. The non-aqueous electrolyte solution of claim 15,
wherein the organic compound is a tert-alkylbenzene deriva-
five.

17. The non-aqueous electrolyte solution of claim 16,
wherein the tert-alkylbenzene derivative 1s tert-butylben-
zene, 1-bromo-4-tert-butylbenzene, or tert-pentylbenzene.

18. The non-aqueous electrolyte solution of claim 15,
wherein the organic compound 1s a combination of a tert-
alkylbenzene derivative and cyclohexylbenzene.

19. The non-aqueous electrolyte solution of claim 15,
wherein the organic compound 1s contained in the electro-
lyte solution in an amount of 0.1 to 10 weight %.

G s x ex e
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