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Lithium ion secondary battery

The present invention relates to a lithium ion secondary battery.

In recent years, a lithium ion secondary battery, in particular, has attracted attention as a secondary battery
having a high energy density, and its research, development and commercialization are rapidly advanced. At
present, small-sized consumer lithium ion secondary batteries are widely used for mobile phones and notebook
computers. Furthermore, large secondary batteries having higher capacity than conventional batteries are
required as storage batteries for home use, industrial use, on-vehicle use, etc. due to problems such as global
warming, exhausted fuel and nuclear power removal.

Conventionally, as a measure for increasing the capacity of a lithium ion secondary battery, it is known to apply
a compound containing silicon (Si) or Si to a negative electrode material and to increase the amount of electrode
coating. However, Si has a problem in rate characteristics because powder resistance is two orders of magnitude
higher than that of graphite. In addition, because there is a problem in cycle life, no study has been made to
increase the amount of electrode coating.

Patent Document 1 discloses the surface of a composite particle containing graphite particles, Si particles, and
amorphous carbon (A) in order to increase the initial charge / discharge capacity of a lithium secondary battery
and to improve charge / discharge cycle characteristics. And a carbonaceous material particle containing at least
one or more selected from graphite and carbon black is disposed, and the carbonaceous material particle is
coated with amorphous carbon (B). The use is described. With the above configuration, it is possible to alleviate
the volume change of the Si fine particles at the time of charge and discharge, maintain the electrical contact of
the active material, and improve the charge and discharge cycle characteristics.
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However, in order to further increase the capacity, it is necessary to further increase the mixing ratio of Si and to
increase the coating amount. In addition, when the mixing amount and the coating amount of Si are increased,
although the increase in capacity can be achieved, the capacity retention rate is lowered.

An object of the present invention is to provide a lithium ion secondary battery in which the initial capacity is
increased and the capacity retention rate is improved by applying a Si alloy to the negative electrode.

The present invention provides a positive electrode containing a positive electrode active material, a negative
electrode obtained by applying a negative electrode active material mixture containing a negative electrode
active material, a conductive additive and a binder on the surface of a negative electrode current collector, and a
positive electrode and a negative electrode. A lithium ion secondary battery comprising a separator and an
electrolyte disposed therebetween, wherein the negative electrode active material includes graphite and a Si
alloy, and the mass ratio of graphite to the Si alloy is x, and the negative electrode active It is characterized in
that 0.43 = x = 9.0 and 8 = y (18, where y (mg / cm 2) is the coating amount of the substance mixture.

According to the present invention, in a lithium ion secondary battery in which a Si alloy is applied to the
negative electrode, the initial capacity can be increased by increasing the coating amount, and the capacity
retention rate can be improved.

It is a schematic cross section which shows the lithium ion secondary battery of one Embodiment. It is a graph
which shows the negative electrode capacity to mass ratio of Si alloy and graphite. It is a graph which shows the
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coating amount with respect to mass ratio of graphite and Si alloy, the capacity | capacitance maintenance factor,
and negative electrode capacity.

As a result of intensive investigations by the present inventor, it is effective to set the mass ratio of Si alloy to
graphite and the coating amount of the negative electrode active material mixture in an appropriate range when
the Si alloy is applied to the negative electrode. I found out.

Graphite particles and Si alloy particles in the negative electrode active material have a mass ratio of 30:70 to
90:10. That is, the value obtained by dividing the mass of graphite by the mass of Si alloy (graphite mass / Si
alloy mass) is in the range of 0.43 to 9.0 (hereinafter, this value is called mass ratio x of graphite and Si alloy ).
Further, the coating amount of the negative electrode active material mixture in the negative electrode is such
that the capacity of the positive electrode and the capacity of the negative electrode are equal, and the coating
amount y (mg/cm 2) is 8 to 18 mg / cm 2. Do. As a result, it is possible to increase the initial capacity and
improve the capacity retention rate.

In particular, the relationship between x and y is preferably y = —4.29x —1 +17.98 because of high rate
characteristics. Furthermore, when the coating amount y of the negative electrode active material mixture is
adjusted so as to satisfy y = 1.11x + 7.5, higher capacity can be achieved, which is preferable.

(Configuration of Lithium Ion Secondary Battery) Hereinafter, an embodiment of the lithium ion secondary
battery will be described with reference to FIG. 1.

The lithium ion secondary battery 20 is a bottomed cylindrical battery made of an electrode group G in which a
positive electrode plate 1 (positive electrode) and a negative electrode plate 2 (negative electrode) are wound
with a separator 3 in between, and steel plated with nickel. It has a can 4. The electrode group G is
accommodated in the battery can 4.

On the upper side of the electrode group G, a positive electrode current collecting lead 7 made of aluminum for
collecting the potential from the positive electrode plate 1 is disposed on a substantially extended line of the
winding center. The end portion of the positive electrode current collector lead piece 5 drawn from the positive
electrode plate 1 is ultrasonically bonded to the positive electrode current collector lead 7. Above the positive
electrode current collection lead 7, a disk-shaped battery lid 9 to be a positive electrode external terminal is
disposed.

The battery lid 9 is formed of a steel disk-shaped terminal plate with a central portion projecting upward, and a
flat plate having an annular ring made of aluminum and having an opening for gas discharge in the central
portion. An annular positive electrode terminal portion 11 is disposed between the projecting portion of the
terminal plate and the flat plate. The upper surface and the lower surface of the positive electrode terminal
portion 11 are in contact with the lower surface of the terminal plate and the upper surface of the flat plate,
respectively. The inner diameter of the positive electrode terminal portion 11 is formed larger than the inner
diameter of the opening formed in the flat plate. Above the opening of the flat plate, a rupture valve 10, which is
broken when the battery internal pressure rises, is disposed to close the opening. The peripheral portion of the
rupture valve 10 is sandwiched between the lower surface of the inner edge portion of the positive electrode
terminal portion 11 and a flat plate. The peripheral edge portion of the terminal plate and the peripheral edge
portion of the flat plate are fixed. The upper surface of the positive electrode current collector lead 7 is joined by
resistance welding to the lower surface of the flat plate, that is, the bottom surface (surface on the electrode
group G side) of the battery lid 9.

On the other hand, on the lower side of the electrode group G, a nickel negative electrode current collector lead
8 for collecting a potential from the negative electrode plate 2 is disposed. The end portion of the negative
electrode current collector lead piece 6 drawn from the negative electrode plate 2 is ultrasonically bonded to the
negative electrode current collector lead 8. The negative electrode current collector lead 8 is joined by resistance
welding to the inner bottom of the battery can 4 which also serves as the negative electrode external terminal.

Further, a non-aqueous electrolyte is injected into the battery can 4. In this example, 1 mol / liter of lithium
hexafluorophosphate (LiPF 6) in a mixed organic solvent of ethylene carbonate (EC) and ethyl methyl carbonate
(EMC) in a volume ratio of 1: 2 is used as the non-aqueous electrolyte. What was dissolved to a concentration of
1 liter is used. A battery cover 9 is fixed by caulking to the upper portion of the battery can 4 via a gasket 12.
For this reason, the inside of the lithium ion secondary battery 20 is sealed.
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In the electrode group G housed in the battery can 4, the positive electrode plate 1 and the negative electrode
plate 2 are not in contact with each other via the microporous separator 3 made of, for example, polyethylene
and the like. It has been rolled up. The positive electrode current collection lead piece 5 and the negative
electrode current collection lead piece 6 are respectively disposed on opposite end surfaces of the electrode
group G. In order to prevent electrical contact with the battery can 4, an insulating coating is provided on the
entire outer peripheral surface of the electrode group G.

In the positive electrode plate 1, a positive electrode mixture containing a positive electrode active material is
substantially uniformly applied on both sides of the positive electrode current collector. The various lithium
transition metal complex oxides conventionally used can be used for the positive electrode active material of a
lithium ion secondary battery. For example, it is possible to replace part of Ni, Co, Mn and the like of the
positive electrode active material such as lithium nickelate, lithium cobaltate and lithium manganate with one or
more transition metals.

For the positive electrode active material mixture, a conductive material and a binder (binder) are used in
addition to the positive electrode active material. As the conductive material, a conventionally used material
such as a carbon material such as graphite and the like and polyvinylidene fluoride (hereinafter abbreviated as
PVDF) can be used as a binder.

For example, an aluminum foil with a thickness of 20 pm as a positive electrode current collector, and LiNi 1/3
Co 1/3 Mn 1/3 O 2 of a lithium-containing transition metal double oxide as a positive electrode active material,
a positive electrode active material, graphite and PVDF The positive electrode mixture is coated on both sides
with the positive electrode mixture adjusted to a weight ratio of 90: 5: 5.

On the other hand, in the negative electrode plate 2, a negative electrode mixture containing a negative electrode
active material is substantially uniformly applied to both surfaces of the negative electrode current collector. In
order to form a coating layer of the composite material, in addition to the Si alloy particles and the natural
graphite particles as a negative electrode active material, a negative electrode active material mixture in which a
binder and a conductive additive are dispersed in a solvent is produced. Is applied to the surface of the negative
electrode current collector. As the binder, polyamide imide, polyimide, polyamide or the like, or one containing
one or more of them can be used.

A mixture of natural graphite and a Si alloy is used as the negative electrode active material. Graphite can be
suitably selected, and natural graphite is preferable because it is inexpensive.

The Si alloy usually has a microstructure in which a plurality of phases are mixed. In other words, in the Si
alloy, fine particles of silicon (Si) are dispersed in particles of other constituent elements, or other constituent
elements are dispersed in particles of Si. . The other constituent element may be any one containing at least one
of Al, Ni, Cu, Fe, Ti and Mn. As a method of producing the Si alloy, there is a method of mechanically
synthesizing by a mechanical alloy method, or a method of heating and cooling a mixture of Si particles and
other constituent elements.

The composition of the Si alloy is preferably 50:50 to 90:10 in atomic ratio of Si to other constituent elements.
In other words, the proportion of Si in the Si alloy is desirably 50 to 90% in atomic number ratio. The atomic
ratio is more preferably 60:40 to 80:20.

(Battery Assembly) Hereinafter, a manufacturing process of the lithium ion secondary battery 20 will be
described.

The manufactured positive electrode plate 1 and negative electrode plate 2 are vacuum dried at 100 ° C. for 24
hours, and the separator 3 is sandwiched between the positive electrode plate 1 and the negative electrode plate
2 to form an electrode group G by winding them. . At this time, it is preferable to wind so that the positive
electrode plate 1 and the negative electrode plate 2 appropriately face each other, and the positive electrode
current collection lead piece 5 and the negative electrode current collection lead piece 6 are positioned in
opposite directions.

Next, all of the positive electrode current collection lead pieces 5 are ultrasonically bonded to the positive
electrode current collection lead portion 7, and all of the negative electrode current collection lead pieces 6 are
ultrasonically bonded to the negative electrode current collection lead portion 8. Thereafter, an insulating
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coating is applied to the periphery of the electrode group G, and the electrode group G to which the positive
electrode current collector lead 7 and the negative electrode current collector lead 8 are connected is directed to
the bottom side of the negative electrode current collector lead 8. Insert inside

The electrode rod is passed through the winding center portion of the electrode group G, and the negative
electrode current collector lead 8 and the inner bottom of the battery can 4 are resistance welded, and then the
positive electrode current collector lead 7 and the battery lid 9 are joined by resistance welding. Do. Then, after
injecting a non-aqueous electrolytic solution into the battery can 4, the battery lid 9 is crimped to the battery can
4 via the gasket 12 to complete the lithium ion secondary battery 20 having a battery capacity of 1 Ah class. Let

Examples will be described below.

Using a copper foil with a thickness of 10 um as the negative electrode current collector, the negative electrode
active material, the conductive additive, and the binder had a mass ratio of 93: 2: 5 coated on both sides to
produce a negative electrode. The negative electrode active material is a mixture of natural graphite and a Si
alloy. As a result of measuring the X-ray diffraction (XRD) of natural graphite, the interlayer distance d (002) of
the carbon hexagonal network face layer is 0.335 nm, and the crystallite size is the hexagonal mesh area layer
direction Lc (002) 120 nm or more, and carbon hexagonal plane direction La (110) was 110 nm or more. As the
Si alloy, one represented by the composition formula Si 70 Ti 10 Fe 10 Al 10 was produced by mixing Si and
another metal by a mechanical alloy method. Polyamideimide was used as the binder, and acetylene black was
used as the conductive aid. The mass ratio of the negative electrode active material, the conductive additive, and
the binder was 93: 2: 5. Moreover, viscosity adjustment was performed with the quantity, using N- methyl
pyrrolidone (NMP) as a solvent.

After the coated layer formed on the surface of the negative electrode current collector was dried, it was roll
pressed by a roll press device so that the density of the negative electrode active material mixture layer would be
2.3 g/ cm 3. The density of the negative electrode active material mixture layer is the maximum value that can
be reached by a normal roll press. Thereafter, it was dried at 250 ° C. to cure the polyamideimide.

Various negative electrodes were manufactured by changing the mixing ratio of natural graphite and Si alloy
and the coating amount of the negative electrode active material mixture layer. Generally, as the coating amount
increases, the capacity retention rate decreases, while when the coating amount is small, the capacity retention
rate increases but the negative electrode capacity decreases. Further, the coating amount can be increased as the
ratio of the graphite is increased, but when the ratio of the graphite is too large, the coating amount becomes
substantially constant, which is not preferable. On the other hand, as the ratio of Si is increased, the coating
amount must be reduced, and the electrode density is reduced.

Table 1 shows the ratio of the graphite and the Si alloy constituting the negative electrode material of Examples
1 to 6 and Comparative Examples 1 to 5 and the coating amount of the negative electrode active material
mixture.

(Measurement of Negative Electrode Capacity and Capacity Maintenance Rate) The negative electrode capacity
and rate characteristics of Examples 1 to 6 and Comparative Examples 1 to 5 were measured as follows.

The prepared negative electrode was processed into a size of 16 mm, and the negative electrode capacity was
measured using Li as a counter electrode. The charge and discharge conditions were constant current and
constant voltage charge of 5 mV for 6 hours at a current of 0.2 C equivalent. The discharge conditions were
constant current discharge at a voltage of 1.5 V at a discharge current corresponding to 0.2 C. The discharge
capacity at this time was taken as the negative electrode capacity (initial capacity).

After the negative electrode capacity was measured, 1 C discharge capacity was measured to obtain a rate
characteristic. Here, the charging conditions were constant current constant voltage charging at a voltage of 5
mV for 6 hours at a current of 0.2 C equivalent. The discharge conditions were constant current discharge at a
voltage of 1.5 V at a discharge current corresponding to 1C. The discharge capacity at this time was divided by
0.2 C capacity (negative electrode capacity) to calculate a capacity retention rate.

Here, 1 C is a current value at which charging or discharging of the battery capacity is finished in one hour, and
0.2 C is a current value at which charging or discharging of the battery capacity is finished in 5 hours. The
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measurement results of the negative electrode capacity and the capacity retention rate in Examples 1 to 6 and
Comparative Examples 1 to 5 are shown in Table 2.

(Examination of measurement results) Examples 1 to 4 change the amount of graphite mass / Si alloy mass x
and adjust the coating amount so that the capacity retention rate becomes 70%, Examples 5 and 6 are The
coating amount is adjusted so that the capacity retention rate is 80%. In Examples 1 to 6, the negative electrode
capacity can be increased, that is, 12.6 mAh or more, while maintaining the capacity retention rate as compared
with Comparative Example 1.

Comparative Example 1 is a conventional example in which the negative electrode active material is only
graphite (does not use a Si alloy). The coating amount is adjusted so that the capacity retention rate is 70%, and
is an example of 18 mg / cm 2. Similarly, Comparative Example 3 is an example in which the negative electrode
active material is only a Si alloy (without using graphite), and the coating amount is adjusted to 3.3 mg/cm 2 so
that the capacity retention ratio is 70%. Comparative Example 4 is an example in which the negative electrode
active material is only the Si alloy, and the coating amount is 5 mg / cm 2 more than Comparative Example 3.
Comparative Example 5 is an example in which the value of the graphite / Si alloy mass (x) is equal to that of
Example 4 and the coating amount is 18 mg / cm 2, which is the same as that of Comparative Example 1, which
is larger than Example 4. Comparative Example 2 is an example in which the value of the graphite / Si alloy
mass (X) is 7.3, and the coating amount is 4.5 mg / cm 2 so as to increase the capacity retention rate.

Hereinafter, the examples and the comparative examples are represented in a graph and compared to clarify the
desirable range of the present invention.

FIG. 2 is a graph showing the relationship between the mixing ratio and the negative electrode capacity when
the capacity retention rate is 70%.

Comparative Example 1 is an example corresponding to a commercially available graphite negative electrode (a
mass ratio of Si alloy to graphite is 0). When the Si alloy / graphite mass (1 / x) in Examples 1 to 4 is in the
range of 0.1 to 2.3, the capacity of the graphite negative electrode can be maintained at 70% while the capacity
of the negative electrode can be improved. Outside this range, maintaining the capacity retention ratio of the
graphite negative electrode is not preferable because the negative electrode capacity is reduced. Therefore, it is
necessary to set the mixing ratio of the negative electrode active material to 30 to 90 mass% for the graphite
particles, 10 to 70 mass% for the Si alloy, and 0.43 to 9.0 for the mass of graphite / the mass of Si alloy (x) . In
particular, a high negative electrode capacity is exhibited in the range of Si alloy / graphite mass (1 / x) of 0.5 to
1.7 and graphite mass / Si alloy mass (x) of 0.6 to 2.0, which is preferable.

The coating amount with respect to the mass ratio of graphite and Si alloy is shown in FIG. The abscissa
represents the mass ratio of graphite to the Si alloy, and the ordinate represents the coating amount. The
example is represented by the symbol €, and the comparative example is represented by the symbol =.

The experimental data constituting the curve of the solid line in FIG. 3 are Examples 1 to 4 and Comparative
Example 1 in which the capacity retention rate is 70%, and the experimental data constituting the curve of the
alternate long and short dash line is the capacity retention rate Example 5 and 6 being 80%. These curves mean
that the capacity retention rate decreases as the coating amount increases, and that in order to achieve a constant
capacity retention rate, the coating amount needs to be reduced when the ratio of graphite is low. Do.

Since the capacity retention rate decreases as the coating amount increases, it is desirable to reduce the coating
amount in order to achieve a high capacity retention rate. In order to avoid the disadvantage due to the increase
in the coated amount, the coated amount y needs to be less than the coated amount (18 mg / cm 2) of
Comparative Example 1. On the other hand, when the coating amount is reduced, the capacity is reduced. In
order to achieve higher capacity than the capacity in the case of Comparative Example 1, at least the coating
amount y needs to be 8 mg / cm 2 or more.

In particular, in order to achieve a capacity retention ratio of 70% or more, it is preferable to set the coating
amount below the curve of the solid line, and the mass ratio of graphite to the Si alloy is x and the coating
amount is y From the approximation of this curve, it is preferable that y = —4.29x —1 +17.98 (1)

In addition, even when achieving a high capacity retention rate, when the ratio of graphite is high, the capacity
per weight of the mixture is low, and when the ratio of graphite is low, the coating amount is small, and as a
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result, the negative electrode Capacity decreases. In Examples 1, 5, 6, and 4, the negative electrode capacity is
approximately the same value in the vicinity of 14 mAh. In order to achieve a high capacity, it is preferable that
the coating amount be greater than this straight line. From the approximate expression of the oblique side, the
coating amount y desired to achieve high capacity is expressed by the following expression (2).

y 2 1.11x + 7.5 (2) Similarly, by setting the area under the oblique side formed in Examples 1, 5, 6 and 4, high
capacity is maintained and high. Rate characteristics are achievable. As described above, according to the
approximate expression of the oblique side, the coating amount y desired to achieve the high rate characteristics
is represented by the following expression (3).

y (1.11x + 7.5 Formula (3) According to the present invention, since the coating amount can be maximized
while maintaining the rate characteristics, the initial capacity can be improved.

Further, as described above, since the capacity retention rate of the negative electrode using the Si alloy can be
increased, the capacity retention rate of the negative electrode is equal to or higher than the capacity retention
rate of the positive electrode. Since the potential of the negative electrode does not reach 3.3 V or more, which
is the potential at which copper elutes, without significantly increasing the potential (that is, without
overdischarge), the elution of Cu constituting the negative electrode current collector can be suppressed it can.
Thereby, the safety of the lithium ion secondary battery can be improved.

1: positive electrode plate, 2: negative electrode plate, 4: battery can, 9: battery lid, 20: cylindrical lithium ion
secondary battery.
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1. A negative electrode obtained by applying a positive electrode containing a positive electrode active
material, a negative electrode active material, a conductive material and a negative electrode active material
mixture containing a binder on the surface of a negative electrode current collector, and between the positive
electrode and the negative electrode The negative electrode active material includes graphite and a Si alloy, and
the mass ratio of the graphite and the Si alloy is x, and the coating amount of the negative electrode active
material mixture is provided. The lithium ion secondary battery satisfying 0.43 = x = 9.0 and 8 =y (18, where
y (mg/cm?2)isy.

2. The lithium ion secondary battery according to claim 1, wherein the relationship between x and y satisfies the
following formula (1). y = —4.29x —1 +17.98 (1)

3. The lithium ion secondary battery according to claim 1, wherein the relationship between x and y satisfies the
following formula (2).y 2 1.11x + 7.5 (2)

4. The lithium ion secondary battery according to claim 1, wherein the relationship between x and y satisfies the
following formula (3). y (1.11x + 7.5 (3)

5. The lithium ion secondary battery according to any one of claims 1 to 4, wherein x satisfies 0.6? X? 2.0.

6. The capacity retention rate of the negative electrode is equal to or greater than the capacity retention rate of
the positive electrode when a value calculated by dividing 1 C discharge capacity by 0.2 C discharge capacity is
defined as a capacity retention rate. Lithium ion secondary battery.

7. The lithium according to any one of claims 1 to 6, wherein the Si alloy contains Si and one or more elements
selected from the group consisting of Al, Ni, Cu, Fe, Ti and Mn. Ion secondary battery.

8. The lithium ion secondary battery according to claim 7, wherein a composition of the Si alloy is 50 to 90% in
atomic number ratio.
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