
EP 0 391 281 B1 Description BACKGROUND OF THE INVENTION 5      The present
invention relates to a nonaqueous electrolyte secondary battery which
utilizes a carbonaceous material as the anode active material and a lithium
compound as the cathode active material. With the recent remarkable advance
in high-performance miniaturized electronic machines such as video camera
and headphone stereo, there has arisen a strong demand for a secondary
battery having a higher ca- pacity as the power source of these electronic
machines. Conventional secondary batteries are lead-acid sec- 10  ondary
batteries and nickel-cadmium secondary batteries. Nowadays active
development is going on in the nonaqueous electrolyte secondary battery
with a high energy density which utilizes lithium metal or lithium compound
as the anode active material. There is the other type of nonaqueous
electrolyte secondary battery which utilizes a carbonaceous ma- terial as
the anode active material and lithium-cobalt oxide [err] as the cathode
active material. Owing to 15  the doping and undoping of lithium, it
prevents the growth of dendrite and the powdering of lithium. Therefore, it
has a good cycle life performance and easily meets the requirements for
high energy density and high ca- pacity. The nonaqueous electrolyte
secondary battery as mentioned above will be described with reference to
Figs. 1 and 2. 20      The nonaqueous electrolyte secondary battery shown
in Figs. 1 and 2 utilizes a carbonaceous material (carbon) as the anode
active material and lithium-cobalt oxide [err] as the cathode active
material. This battery is produced in the following manner. First, the
cathode 1 is prepared as follows: Aslurry is made from 91 parts by weight
of lithium-cobalt oxide [err] as the cathode active material, 6 parts by
weight of graphite as the conductor, 3 parts by weight of 25
polyvinylidene fluoride as the binder, and 100 parts by weight of
N-methylpyrrolidone as the solvent. This slur- ry is evenly applied to both
sides of a 20-[err] thick aluminum foil as the cathode current collector
10. After drying, the coated foil Is pressed using a roller press into a
180-[err] thick beltlike cathode 1. This beltilke cath- ode 1 consists of
the cathode current collector 10 and the cathode active material 11a and
11b in layerform in approximately the same thickness on both sides of the
current collector 10. The cathode In each secondary 30  battery may contain
10.4 g of the cathode active material. Secondly, the anode 2 is prepared as
follows: A slurry is made from 90 parts by weight of pitch coke as the
anode active material, 10 parts by weight of polyvinylidene fluoride as the
binder, and 100 parts by weight of N-methylpyrrolidone as the solvent. This
slurry is evenly applied to both sides of a 10-pm thick beltlike cop- per
foil as the anode current collector 12. After drying, the coated foil is
pressed using a roller press into a 35  180-[err] thick beltlike anode 2.
This beltlike anode 2 consists of the anode current collector 12 and the
anode active material 13a and 13b in layer form in approximately the same
thickness on both sides of the current collector 12. The anode in each
secondary battery may contain 4.4 g of the anode active material. Thirdly,
the above-mentioned cathode 1 and anode 2 are w und as many times as
required, with a sep- arator interposed between them, to form a winding 14
as shown in Fig. 2. 40      Fig. 2 is a partly enlarged sectional view of
the winding 14 used in the battery as shown in Fig. 1. The winding 14 is
formed by winding many times a laminate around the hollow core 15, said
laminate consisting of the beltlike cathode 1, the beltilke anode 2, and a
pair of separators 3a and 3b which are 25-[err] thick mi- croporous
polypropylene film. The layers are arranged in the order of the anode 2,
the separator 3a, the cath- ode 1, and the separator 3b. 45      Finally,
the winding 14 prepared as mentioned above is encased in a battery case 5
as shown in Fig. 1. For current collection from the cathode 1 and anode 2,
the cathode 1 Is provided with the cathode lead 16 which is welded to the
explosionproof valve 8. Similarly, the anode 2 is provided with the anode
lead 17 which is welded to the battery case 5. The battery case 5 is filled
with an electrolyte prepared bydisolving 1 mol/liter of [err] in a 1:1 (by
volume) mixture of propylene carbonate and 1,2-dimethoxyethane, so that the
winding 50    14 is impregnated with the electrolyte. On the top and bottom
of the winding are placed the insulating boards 4a and 4b In the battery
case. On the explosionproof valve 8 is placed the closing lid 7, with their
peripheries in close contact with each other. The periphery is sealed by
crimping the edge of the battery case 5, with the gasket 6 interposed. In
this way the  battery case 5 is closed. Thus there is obtained a
cylindrical nonaqueous electrolyte secondary battery, 20.5 mm in outside
diam- 



55    eter and 42 mm in height. Incidentally, the lid 7 has a vent hale
which is not shown in the figure. This secondary battery should be charged
before use because the anode active material is not doped with lithium when
it is completed. The nonaqueous electrolyte secondary battery as mentioned
above has a capacity of about 1,040 mAH    EP 0 391 281 B1 when charged up
to 4.1 V with a constant current of 200 mA and then discharged down to an
end voltage of 2.75 V under a load of 7.5 [err]. It was found that the
nonaqueous electrolyte secondary battery as mentioned above becomes poor in
charge-discharge characteristics when it undergoes overdischarging. The
nonaqueous electrolyte secondary 5   battery of this type is usually
examined for charge-discharge characteristics by the test which is
conducted under the abovementioned charge-discharge conditions. However,
the present inventors subjected several nonaqueous electrolyte secondary
batteries to overdischarge until their discharge voltage reaches 0 V. This
test was run Intentionally assuming that the batteries might be used In an
electronics machine which is anom- alous or has no cut-off voltage
established. Even though the circuit was opened when the discharge voltage
10  reached 0 V, the open circuit voltage was not restored. The batteries
which had undergone overdischarge ex- tremely decreased in capacity, and
some of the batteries tested could not be charged at all. The charge-
discharge characteristics which the secondary battery exhibits after
overdischarge down to 0 V are very im- portant for the practical use of the
secondary battery. Therefore, it is essential to take measures to prevent
the deterioration of the charge-discharge characteristics. 15     There are
proposed in Japanese Patent Laid-open Nos. 228573/1988 and 31477811988 to
Incorporate of a compound (such as [err] and [err]) into a cathode active
material, such as MnO2. These patents tried to avoid disadvantage caused by
the overdischarging, however, these teachings are differentfrom the present
invention which will be explained in detail rater. 20   OBJECT AND SUMMARY
OF THE INVENTION It is an object of the present Invention to provide a
nonaqueous electrolyte secondary battery which em- ploys a carbonaceous
material as the anode active material and a lithium compound as the cathode
active material, and yet exhibits superior overdischarging characteristics.
25      According to one aspect of the present Invention, there is provided
a nonaqueous electrolyte secondary battery which comprises an anode having
a carbonaceous material as the anode active material which permits lithium
to be doped and undoped and a current collector, a cathode having a lithium
compound as the cathode active material which permits lithium to be doped
and undoped, and a nonaqueous electrolyte, In which the cathode active
material contains the primary active material of a first lithium compound
having the potential 30   which Is more "noble" than the potential of the
current collector and the auxiliary active material of a second lithium
compound having the potential which Is more "base" than the potential of
the current collector. BRIEF DESCRIPTION OF THE DRAWINGS 35      Fig. 1 is
a schematic longitudinal sectional view showing a conventional nonaqueous
electrolyte secondary battery to which the present invention can be
applied. Fig. 2 is a partly enlarged cross sectional view showing the
winding as shown In Fig. 1 Fig. 3 is a graph showing the discharge
characteristic curves of the nonaqueous electrolyte secondary batteries of
prior art type and pertaining to the example of the present invention. 40
Fig. 4 is a graph showing the discharge characteristic curves of the anode
potential measured against a lithium reference electrode. Fig. 5 Is a graph
showing the relation between the amount of [err] added and the anode
potential at the time of overdischarge. Fig. 6 is a graph showing the
discharge characteristic curves of the cathode potential and anode
potential 45  of the battery E prepared in the example of this invention.
Fig. 7 is a graph showing the potential of lithium,  [err], and the anode
current collector. Fig. 8 is a graph showing the relation between the
amount of [err] added and the battery capacity. Fig. 9 is a graph showing
the discharge characteristic curves of the cathode potential and the anode
po- tential for the cell of prior art. 



50      Fig. 10 is a microphotograph of the metal structure of a copper
current collector which has deteriorated after overdischarging. Fig. 11 is
a microphotograph of the metal structure of a nickel current collector
which has deteriorated after overdischarging. 55   DESCRIPTION OF THE
PREFERRED EMBODIMENTS With the foregoing In mind, the present Inventors
carried out a series of researches which led to the find- ings thatthe
copperfoil used as the anode current collector is dissolved in the battery
with deteriorated charge- 3    EP 0 391 281 B1 discharge characteristics. A
microphotograph of the copper current collector is shown in Fig. 10. It
should be noted that the copper current collector Is dissolved to such an
extent that it does not work any longer The mechanism of dissolution of the
anode current collector is explained with reference to Fig. 9, which shows
how the cathode potential and anode potential measured against a lithium
reference electrode change 5   while the above-mentioned secondary battery
is discharged. When the charged secondary battery begins to discharge, the
anode active material doped with lithium undergoes reaction in the anode
and the [err] un- dergoes reaction in the cathode. During the reaction, the
potential of the cathode gradually changes toward "base" (less noble) and
the potential of the anode gradually changes toward "noble" in the region
I, as shown in Fig. 9. As the reaction proceeds from region I to region
II, the potential of the anode sharply changes toward 10  "noble". At this
stage, the anode active material contains only a small amount of lithium
left which is capable of discharging. Consequently, the anode active
material gradually loses its activity. And the copper constituting the
current collector begins to function as the anode active material. As the
result, the copper of the current collector and the cathode active material
[err] form a battery. This is because the cathode active material [err] has
an extremely "noble" potential of about 4.0 V measured against a lithium
reference electrode. 15  This potential brings about the battery reaction
between [err] and copper. In this situation, the copper itself functions as
the anode and hence the copper begins to dissolve. The potential of the
anode levels off at about 3.5 V in region 11 in Fig. 9. On the other hand,
the potential of the cathode continues to change toward "base" and finally
reaches the same level as the potential of the anode in region II. As the
result, the voltage of the battery becomes 0 V. In this situation, the
copper current 20  collector dissolves as explained above with reference to
Fig. 10. It is known that when copper is used as an electrode of a battery,
it dissolves at about 3.45 V measured against a lithium reference
electrode. The fore- going exactly coincides with this fact. Incidentally,
the battery voltage (difference between the cathode po- tential and the
anode potential) shown In Fig. 9 changes during discharge as indicated by
the curve for the prior art battery (0%) in Fig. 3 (which will be explained
later). 25      A similar test to that mentioned above was carried out
using a secondary battery of the same structure as mentioned above except
that the anode current collector is nickel foil. The secondary battery was
charged and overdischarged (down to 0 V) repeatedly under the same
conditions as mentioned above. Afterfive cycles of charging and
discharging, the secondary battery came to the end of its life. (This
result Is better than that with copper.) After removal from the
disassembled secondary battery, the nickel current collector was exam- 30
ined for dissolution. Pits due to partial dissolution were found on It, as
shown in the microphotograph (Fig. 11). In the case where nickel foil Is
used as the anode current collector, the potential of the anode Is almost
constant at about 3.8-4.0 V in the region corresponding to region 11 in
Fig. 9 explained above. On the other hand, it is known that when nickel is
used as an electrode of a battery, it is stable at4.0 V or below, as
measured against a lithium reference electrode. In actual, however, partial
dissolution occurred as mentioned above. This 35  is because the potential
measured Is an average value of potential and there would be a considerably
high (noble) potential locally in the extremely large area of the electrode
In the case of an actual battery. For this reason, dissolution takes place
in the case of nickel current collector just as in the case of copper
current col- lector mentioned above. As mentioned above,  it was found that
nonaqueous electrolyte secondary batteries have an extremely 40  short life
when they undergo overdischarging down to 0 V after charging, in the case
where they have an anode current collectorof copperof nickel. (Copper and
nickel are readily available and practical metals which hardly 



form alloys with lithium.) The secondary battery disclosed in the
aforementioned laid-open patents 228573/1988 and 314778/1988 is different
from the above-mentioned one which employs a carbonaceous material as the
anode active ma- 45    terial. In the latter case, the battery becomes
ready for discharging only after lithium is undoped from the cath- ode
active material [err]  and the undoped lithium is doped into the anode
active material as the result of the first charging. Therefore, the amount
of lithium undoped from the cathode active material [err] is al- ways
greater than or equal to the amount of effective lithium to be doped into
the anode active material. In otherwords, in the case of overdischarging,
lithium in the anode is exhausted first, orthe capacity for the cath- 50
ode to be doped with lithium is exhausted and lithium in the anode is
exhausted simultaneously, with the result that the discharge voltage
reaches 0 V. In the former case (where lithium In the anode is exhausted
first), the potential of the anode becomes "noble" and the copper or nickel
constituting the anode current collector dis- solves. In the lattercase
(where the lithium capacity of the cathode and the lithium in the anode are
exhausted simultaneously), there are also possibilities that the cathode
current collector will dissolve, because the po- 55  tential of the cathode
is about 3-4 V. Therefore, in the case of the above-mentioned secondary
battery which employs a carbonaceous material as the anode active material,
the incorporation of  [err] or [err] into the cathode active material (as
disclosed in the aforementioned laid-open patents) has nothing to do with
the undoping of lithium. The lithium to be undoped by the first charging Is
that from [err] alone. What happens 4    EP 0 391 281 B1 in this case is a
mere decrease in the ratio of [err] to the total amount of the cathode
active material. This does not differ essentially from what happens in the
case of the above-mentioned secondary battery. There- fore, It is not an
effective measure for overdischarging. The present invention overcomes the
above problems by a nonaqueous electrolyte secondary battery 5    made up
of an anode having a carbonaceous material as the anode active material
which permits lithium to be doped and undoped and a current collector, a
cathode having a lithium compound as the cathode active material which
permits lithium to be doped and undoped, and a nonaqueous electrolyte, in
which the cathode active material contains the primary active material of a
first lithium compound having the potential which Is more "noble" than the
potential of the current collector and the auxiliary active material of a
second lithium 10  compound having the potential which Is more "base" (less
noble) than the potential of the current collector. According to the
present invention, the cathode primary active material should preferably be
[err] (0 < x [err] 1, 0 [err] y < 0.50), especially [err], and the cathode
auxiliary active material includes the following lithium compounds. Oxides:
[ERR] 25  Sulfides:                [ERR] Selenides:  [ERR] Others:    [ERR]
Oxides are preferable from the standpoint of cost. More desirable among
them are vanadium compounds 35    [err] and [err], manganese compounds
([err] and [err]), and molybdenum compounds ([err] and [err]). These
compounds should preferably have the value of x greater than 5. The
auxiliary active material should be used In an amount of 1-30 wt%,
preferably 2-20 wt%, of the total amount of the cathode active material.
The secondary battery of the present invention should have as the anode
active material a cheap carbo- 40  naceous material which is free of
lithium and has a high capacity for lithium to be doped. The carbonaceous
material is selected from among pyrolyzed carbon, coke (pitch coke, needle
coke, petroleum coke, etc.), graph- ite, glass-like carbon, calcined
organic polymer (carbonized product formed by calcining phenolic resin,
furan resin, etc. at an adequate temperature), carbon fiber, and active
carbon, which permits lithium to be doped and undoped. 45      The
secondary battery of the present Invention should have an anode current
collector made of a metal which does not form an alloy with lithium.
Preferred examples of such a metal include copper and nickel. The current
collector may be placed with copper or nickel. 



The secondary battery of the present invention should have a nonaqueous
electrolyte which is formed by dissolving one or more of the following
elecrolytes In one or more of the following electrolytic solutions. 50
Examples of electrolytes:  [err],    LiCl, LiBr, [err], and [err]. Examples
of electrolytic solutions: Propylene carbonate, ethylene carbonate,
1,2-dimethoxyethane, 1,2- diethoxylethane,[err]-butyrolactone,
tetrahydrofuran, 2-methyltetrahydrofuran, 1,3-dioxolane, 4-methyl-1,3-diox-
olane, diethyl ether, sulfolane, acetonitrile, and propionitrile. The above
mentioned nonaqueous electrolyte may be solid, in which case a polymer
complex electrolyte 55  Is preferable. A solid electrolyte may be obtained
by dissolving [err]  or [err] (a combin- ation of polyethylene oxide and
one of the above-mentioned electrolytes) in an organic solvent to give a
gel, and drying the gel In a desired form. The secondary battery of the
present invention has a cathode active material which consists of a first
li-    EP 0 391 281 B1 thium compound (primary active material) having the
potential which is more "noble" than the potential of the anode current
collector and a second lithium compound (auxiliary active material) having
the potential which is more "base" than the potential of the anode current
collector. This constitution permits lithium to be undoped from both of the
cathode primary active material and the cathode auxiliary active material
and also permits 5   lithium to be supplied to the anode at the time of
charging. Consequently, the amount of lithium doped to the anode exceeds
the lithium capacity of the cathode primary active material (a first
lithium compound). Subsequently, at the time of discharging, the cathode
primary active material is doped with lithium for dis- charging and then
the cathode auxiliary active material is doped with lithium for
discharging. Therefore, the lithium In the anode is not exhausted even
after the cathode primary active material has almost completed 10
discharging, and the cathode auxiliary active material continues
discharging. Even when the lithium capable of discharging is exhausted from
the anode, the anode currentcollectordoes not function like the anode
active material because the potential of the cathode auxiliary active
material is more "base" than the potential of the anode current collector.
Therefore, the anode current collector does not form a batterywith the
cathode active material, and hence the dissolution of the anode current
collector does not take place. 15 Example 1 The example of the present
Invention will be described with reference to Figs. 1 to 8. In the example,
a nonaqueous electrolyte secondary battery as shown in Figs. 1 and 2 was
prepared In 20  the same manner as explained in the section of prior art,
except that the cathode 1 was prepared in the fol- lowing manner. First,
[err] (x = 1~2) as the cathode auxiliary active material was prepared as
follows: 35 g of [err] (reagent) was reacted with n-butyllithlum (in the
form of 15% solution In 250 mL of hexane) in 100mL of hexane. After
filtration, the resulting solution was vacuum-dried at [err] for 8 hours.
There was obtained a black pow- 25    der. The X-ray diffractometry of this
powder gave a diffraction pattern which is apparently different from that
of [err]. This indicates the formation of [err] In consequence of the
reaction of [err] with n-butyllithium. The value of x is estimated at about
1.55. Subsequently, the thus obtained [err] was mixed with [err] as the
anode primary active material in a ratio of 15:85 by weight. The resulting
compound was used as the anode active material to form the anode 1 In the
same manner as mentioned above. 30     The nonaqueous electrolyte secondary
battery having the cathode 1 is designated as C hereinafter. To confirm the
effectof the present invention, six kinds of nonaqueous electrolyte
secondary batteries des- ignated as A, B, D, E, F and G were produced in
the same manner as mentioned above except that the ratio of [err] (cathode
auxiliary active material) and [err] (cathode primary active material) was
changed as shown in Table 1. 35      The thus obtained seven kinds of
nonaqueous electrolyte secondary batteries designated as Ato G were changed
up to 4.1 V with constant current of 200 mA and then discharged down to 0 V
under load of 7.5 Table   1 40                  Battery         [err]
(wt%)     [err]  (wt%) A                   5                   95 



45                        B                   10                  90 C
15                   85 20                  80 50                       E
25                  75 F              30                   70 G
35                  65 55 [err]. Their discharge characteristic curves are
shown in Fig. 3. For the purpose of reference, there is also shown In Fig.
3 a discharge characteristic curve of a conventional nonaqueous electrolyte
secondary battery in which 6    EP 0 391 281 B1 the cathode primary active
material [err] accounts for 100% and the cathode auxiliary active material
is not used. Incidentally, the discharge characteristic curves of the
secondary batteries A and B are not shown in Fig. 3 because they are
substantially Identical with those of prior art secondary batteries. It is
noted from Fig. 3 that the secondary batteries A, B, and C, in which the
amount of the auxiliary active 5     material is less than 15 wt%, give
discharge characteristic curves which are almost identical with those of
sec- ondary batteries in which no auxiliary active material is added. It is
also noted that there is no significant dif- ference in battery capacity.
However, as the amount of the auxiliary active material exceeds 20 wt%, the
bat- tery capacity remarkably decreases. The voltage of the secondary
batteries tested decreased to almost 0 V after discharging for about 5
hours. This indicates that the secondary batteries are in the state of
overdi- 10  scharge. The above-mentioned seven kinds of secondary batteries
give the discharge characteristic curves of the anode potential measured
against a lithium reference electrode, as shown in Fig. 4. It is noted that
the anode potential becomes saturated and levels off about 5 hours after
the state of overdischarging has occurred. In- cidentally, percent in Figs.
3 and 4 denotes the amount (wt%) of the auxiliary active material shown in
Table 5   1. The amount of the auxiliary active material [err] affects the
anode potential in case of overdischarge as shown in Fig. 5. It is noted
from Figs. 4 and 5 that as the amount of the auxiliary active material
Increases, the anode po- tential in case of overdischarge becomes "base",
and when the amount of the auxiliary active material exceeds 20  20 wt%,
the anode potential become almost constant. It is also noted from Fig. 5
that when the auxiliary active material is added more than 1 wt%, or more
than 2 wt% to be more specific, the anode potential becomes more "base"
than the potential (+3.45 V) at which copper dissolves. The above-mentioned
secondary battery designated as E gives the discharge characteristic curves
of the anode potential and the cathode potential, measured against a
lithium reference electrode, as shown In Fig. 25  6. It Is noted from Fig.
6 that in region I, the cathode potential changes in almost the same manner
as shown in region I In Fig. 9 for the cell without auxiliary active
material. However, in region 11, the cathode potential rapidly changes
toward "base". The border across which a sharp transition takes place
corresponds to the time when the cathode primary active material [err] is
almost exhausted and then the auxiliary active material [err] having the
potential which is more "base" than the primary active material begins
discharging. In 30  the case of Fig. 6, the anode potential does not change
so rapidly across region I and region 11 as In the case of Fig. 9. This is
because the anode active material still retains lithium even after the
cathode primary active material has almost completed discharging in region
11, and this lithium continues to react with the auxiliary active material.
Even though the reaction of lithium in the anode active material with the
auxiliary active ma- terial is almost completed and the state of
overdischarging has occurred, the auxiliary active material keeps 35  the
potential which is more "base" than the copper of the anode current
collector. Therefore, the anode po- tential does not change toward "noble",
reaching the potential at which copper dissolves. Fig. 7 shows the
potential of lithium, [err], and [err] measured against a lithium reference
electrode. The reason why the potential value has a certain range Is that
the potential of lithium contained in the anode active material is "base"
when in the charged state and it changes toward "noble" as discharging
takes place, 



40  whereas the potential of [err] and [err] is "noble" when in the charged
state and it changes toward "base" as discharging takes place.
Incidentally, Fig. 7 shows the potential of the anode current collector of
copper or nickel measured against a lithium reference electrode. It is
noted that [err] , and the anode current collector are markedly different
from one another in potential. For the sake of confirmation, the
above-mentioned secondary batteries designated as A to G were disas- 45
sembled and the anode current collector was examined for dissolution. No
signs of dissolution were noticed. The above-mentioned seven kinds of
nonaqueous electrolyte secondary batteries designated as A to G underwent
durability test which consists of repeating charging, overdischarging (down
to 0 V), and standing for 24 hours. (Charging and overdischarging were
performed underthe same conditions as in the case shown in Fig. 3.) The
battery was regarded as dead when the battery capacity decreased by half,
and the number of 50  cycles required for the battery to become dead was
regarded as the number of repetitions of overdischarge permissible to the
battery. The test results are shown in Table 2. The above-mentioned
nonaqueous electrolyte secondary battery would be satisfactory for
practical use if it withstands about 10 times of repetitions of
overdischarge, because it will scarcely happen that the overdi- scharged
battery is left at 0 V for a long period 55 7    EP 0 391 281 B1 Table 2
Permissible number of 5                      Battery
repetitions  of overdischarge A                           20 10
B                           40 C                           40 D
50 15 E                           50 40 G                           40 time
in an electronics machine such as VTR. Thus, it was confirmed that the
primary active material is satis- factory for practical use If it is
incorporated with more than 5 wt% of auxiliary active material. 25
Fig. 8 is a graph in which the amount of the auxiliary active material
[err] added Is plotted against the battery capacity in terms of ratio
compared with that (100%) of the conventional battery without the aux-
iliary active material. It is considered that the battery would pose no
problems In practical use if it has the bat- tery capacity ratio of 80%. It
is noted from Fig. 8 that the battery capacity ratio is about 70% when the
auxiliary active material [err] is added in an amount of 35 wt%. In other
words, the amount of the auxiliary active 30   material should not exceed
35 wt%; otherwise, the resulting battery is superior In overdischarge
performance but is poor in such properties as high potential and high
battery capacity which are characteristic of secondary batteries. An amount
less than 30 wt% is preferable, because the battery capacity ratio is
higher than about 80% atthat amount. An amount less than 20 wt% is more
desirable, because the battery capacity ratio is higher than about 95% at
that amount. 35      As mentioned above, when the cathode primary active
material [err] is incorporated with the cathode auxiliary active material
[err] in an amount of 1-30 wt%, preferable 2-20 wt%, the anode current
collector does not dissolve even when the potential of the anode current
collector (copper) shifts toward "noble", reach- ing the potential at which
copper dissolves. Therefore the nonaqueous electrolyte secondary battery
can un- dergo overdischarging without any practical problem. The addition
of the auxiliary active material decreases 40  the battery capacity; but
the decrease is too small to cause a practical problem. The cathode
auxiliary active material [err] used in the present Invention can be
prepared in other processes; for example, by heating [err] and [err]
together. 



Example 2 45 In this example, a nonaqueous electrolytic secondary batteries
were prepared in the same manner as ex- plained in Example 1, except [err]
(0 < x [err] 1, 0.90 < y [err] 1.00) was employed as the auxiliary cathode
active material instead of [err]. [err] compounds were prepared by mixing
lithium carbonate, nickel carbonate, and cobalt car- 50  bonate followed by
sintering the resulting mixture with desired composition at [err] for 5
hours in electric fur- nace under oxygen atmosphere. Then sintered [err]
compounds were pulverized by an automatic mor- tar. The following Table 3
shows the composition of samples and permissible number of repetitions of
overdi- scharge. 55      The auxiliary active material [err]  (0 < X [err]
1, 0.90 < y [err] 1.00) shows the 2 steps discharge char- acteristics of
about 4.0 V at the initial discharge step and about 1.8 V at the final
discharge step. At 8    EP 0 391 281 B1 Table  3 Permissible 5
Cathode               number of Battery            composition
repetitions  of overdischarge 10                                 [err]  90
wt% +                 16 [err]  10 wt% I           [err]  90 wt% +
14 [err] 15                                        10 wt% J
LiCoO2  70 wt% +                 21 [err] 30 wt% 20                    K
[err]  70 wt%                  19 [err] 30 wt% 25 the final discharge step,
the potential of [err]  is "base" as compared with the potential of the
anode current collector as shown in Fig. 7. Thus, addition of the auxiliary
active material works effective to overcome the problem caused by the
overdischarge. 30      The present invention can be applied not only to the
cylindrically wound secondary batteries as in the ex- ample but also to the
square laminated secondary batteries and button-type or coin-type secondary
batteries. The present invention provides a new nonaqueous electrolyte
secondary battery constructed as men- tioned above. Owing to a carbonaceous
material as the anode active material and a lithium compound incor- porated
into the cathode active material, it is superior in overdischarge
performance. 35 Claims 1. A nonaqueous electrolyte secondary battery
comprising an anode having a carbonaceous material as an 40      anode
active material which permits lithium to be doped and undoped and an anode
current collector, a cathode having a lithium compoundas a cathode active
material which permits lithium to be doped and undoped, and a nonaqueous
electrolyte, characterized in that said cathode active material contains a
pri- mary active material of a first lithium compound having a potential
which is more "noble" than a potential of said anode current collector and
an auxiliary active material of a second lithium compound having the 45
potential which is more "base" than the potential of the current collector.
2. A nonaqueous electrolyte secondary battery according to Claim 1, wherein
said primary active material is [err]  where 0 < x [err] 1 and 0 [err] y <
0.50. 



50  3. A nonaqueous electrolyte secondary battery according to Claim 2,
wherein said primary active material is [err]. 4. A nonaqueous electrolyte
secondary battery according to Claim 1, wherein said auxiliary active
material is complex oxide of lithium and molybdenum. 55  5. A nonaqueous
electrolyte secondary battery according to Claim 1, wherein said auxiliary
active material is [err]  where 0< x [err] 1 and 0.9 < y [err] 1.0. 9    EP
0 391 281 B1 Table 3 Permissible 5
Cathode                number  of Battery             composition
repetitions  of overdischarge 10                       H             LiCoO2
90 wt% +                  16 [err]  10 wt% I           [err]  90 wt%  +
14 [err] 15                                        10 wt% J
[err]  70 wt%  +                21 [err] 30 wt% K            [err] 70 wt%
19 + [err] 30 wt% 25 the final discharge step, the potential of [err]  is
"base" as compared with the potential of the anode current collectoras
shown in Fig. 7. Thus, addition of the auxiliary active material works
effective to overcome the problem caused by the overdischarge. 30      The
present invention can be applied not only to the cylindrically wound
secondary batteries as in the ex- ample but also to the square laminated
secondary batteries and button-type or coin-type secondary batteries. The
present invention provides a new nonaqueous electrolyte secondary battery
constructed as men- tioned above. Owing to a carbonaceous material as the
anode active material and a lithium compound Incor- porated into the
cathode active material, it is superior In overdischarge performance. 35
Claims 1. A nonaqueous electrolyte secondary battery comprising an anode
having a carbonaceous material as an 40      anode active material which
permits lithium to be doped and undoped and an anode current collector, a
cathode having a lithium compound as a cathode active material which
permits lithium to be doped and undoped, and a nonaqueous electrolyte,
characterized in that said cathode active material contains a pri- mary
active material of a first lithium compound having a potential which is
more "noble" than a potential of said anode current collector and an
auxiliary active material of a second lithium compound having the 45
potential which is more "base" than the potential of the current collector.
2. A nonaqueous electrolyte secondary battery according to Claim 1, wherein
said primary active material Is  [err] where 0 < x [err] 1 and 0 [err] y <
0.50. 50   3.  A nonaqueous electrolyte secondary battery according to
Claim 2, wherein said primary active material is [err]. 4.  A nonaqueous
electrolyte secondary battery according to Claim 1, wherein said auxiliary
active material is complex oxide of lithium and molybdenum. 55   5. A
nonaqueous electrolyte secondary battery according to Claim 1, wherein said
auxiliary active material is [err]  where 0 < x [err] 1 and 0.9 < y [err]
1.0. 



9    EP 0 391281 B1 6. A nonaqueous electrolyte secondary battery according
to Claim 1, wherein an anode having said carbo- naceous material and said
anode collector and a cathode having said cathode active material are wound
with a separator Interposed between said anode and cathode. Patentanspriche
1. Sekundlrbatterie mit nichtwassrigem Elektrolyten, mit ainer Anode mit
kohleartigem Material als aktivem Anodenmaterial, an das Lithium angelagert
und von dem Lithium abgetragen werden kann, und mit elnem 10
Anodenstromabnehmer, einerKathode mit einer Lithiumverbindung ds alktivem
Kathodenmaterial, an das Lithium angelagert oder von dem Lithium abgetragen
werden kann, und elnem nichtwassrigen Elektro- lyten, dadurch
gekennzelchnet, dai3 das aktive Kathodenmaterial ain aktives Primirmaterial
aus einer ersten Uthiumverbindung mit elnem Potential, das medlerm ala das
Potential des Anodenstromabnehmers ist, und ein aktives Hilfbmaterial aus
einer zweiten Lithiumvorbindung enthilt, deren Potential uunedler" 15
als des Potential des Stromabnehmers let. 2. Sekundarbatterie mit
nichtwassrlgem Elektrolyten gemai Anspruch 1, bei der das aktive
Primarmaterial LiCo1.yNlyO2 ist, mit 0 < x S I und 0 5 y < 0,50. 20  3*
Sekundarbatterle mit nichtw~ssrigem Elektrolyten gemalS Anspruch 2, beo der
das aktive Primarmaterial L&CO02 1st. 4. Sekundarbatterie mit
nichtwassrigem rEektrolyten gemMf Anspruch 1, bel der des aktve
Hifsmabteral ein komplexes Oxid aus Lithium und Molybdan 1st 28  5.
Sekundarbatterie mit nichtwassrigem Elektrolyten gemi3 Anspruch 1, be! der
das aktive Hifamaterial Li&Col. Ni^O2 et, mit 0 < x S I und 0,9 < y S 1,0.
6. Sekundarbattarie mit nichtwgssrlgem Elektrolyten gemni Anspruch 1, bel
der aine Anode mit dem koh- leartigen Material und der Anodenabnehmer und
slne Kathode mit dem ektiven Kathodenmateral mit el- 30      nem zwischen
die Anode und die Kathode gelegten Abstandshalter eufgewickelt sind.
Revendicatlons 95  1. Pile secondalre A 6lectrolyte non aqueux comprenant
une anode ayant un materiau carbon6 servant de materiau actif d'anode qul
permet au lithium d'etre dop6 et non-dope et un collecteur du courant
d'anode, une cathode ayant un compos6 au lithium servant de materiau actif
de cathode qul permet au lithium d'etre dop6 et non-dopA, et un lectlyto
non aqueux, cared6r1.6 en ce que Iedit m drleu actlFdecthode contbent un
mat6riau actif primaIre d'un premier compos6 au lithium ayant un potential
qul eat plus edlev6 40      que le potentiel dudit collecteuride courant d
anode et un materau actif auxillaire d'un second compose au lithium
ayant-un potentiel qul eat plus "besa que le potential du collecteur de
courant. 2. Pile secondaire a electrolyte non aqueux salon la revendication
1, dans laquelle ledit materiau actif pri- malre eat du U1Co1 ^NlO2 oO 0 <
x S 1, et 0 5 y < 0,50). 46 3. Pile secondalrea  6lectrolyte non aqueux
salon la revendication 2, dans laquelle ledit mat6riau acmf pri- malre eat
du LICOO2. 4. Pile secondarea A lectrolyta non aqueux salon la
revendicatlon 1, dans laquelle ledit materiau actif auxi- aliire est un
oxyde complexe de lithium at de molybdene. 5. Pile secondalrea A
6lectrolyte non equeux salon la revendication I dans laquelle ledit
materiau adif auxi- Hlaire est.du Ll1Co;:yNi02 oO 0 < x S I et 0,90 < y 5
i,0. 6. Pile secondalre A 6lectrolyte non aqueux salon la revendication 1,
dans laquelle une anode ayant ledit 55     nmateriau carbon6 et ledit
collecteur d'anode et une cathode ayant ledit materiau acf de cathode sont
en- roules avec un separatbur intarpos6 entre ladite anode et ladite
cathode. 10    


