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(54) [Title of the Invention]

Non-Aqueous Electrolyte Secondary Battery
(57) [Abstract]

[Problem]

To provide a non-aqueous electrolyte secondary battery with better charging characteristics
than the prior art.

[Solution]

A secondary battery consisting of a positive electrode, a negative electrode, and a
nonaqueous electrolyte, wherein the capacity ratio (B/A) between the electrode capacity A
of the positive electrode and the electrode capacity B of the negative electrode is 1.3 <
(B/A) < 2.5.

(Fig. 3)
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[Claims]
[Claim 1]

A secondary battery comprising a positive electrode, a negative electrode, and a
nonaqueous electrolyte, wherein the capacity ratio (B/A) between the electrode capacity A
of the positive electrode and the electrode capacity B of the negative electrode is 1.3 <
(B/A) < 2.5.

[Detailed Description of the Invention]
[0001]
[Technical Field]

The present invention relates to a nonaqueous electrolyte secondary battery, such as a
lithium secondary battery.

[0002]
[Prior Art]

With the trend in recent years toward cordless electronic devices and demand for the
development of electric vehicles in response to environmental problems, there is growing
demand for secondary batteries with a high energy density. Conventional secondary
batteries include lithium secondary batteries, which are non-aqueous electrolyte secondary
batteries. Conventional lithium secondary batteries consist of a positive electrode and
negative electrode made of an active material that can absorb and release lithium, and a
nonaqueous electrolyte.

[0003]

Lithium secondary batteries have been studied and developed with emphasis on discharge
capacity and cycle characteristics. For example, in JP H09-293536 A, the ratio of the
reversible capacities of the positive and negative electrodes (negative electrode/positive
electrode) is 1.05 to 1.30 in order to ensure sufficient Li ion storage capacity in the negative
electrode, and thus eliminate Li deposits and reduce cycle degradation.

[0004]
[Problem to Be Solved by the Invention]

As mentioned above, conventional nonaqueous electrolyte secondary batteries have been
developed with an emphasis on improving discharge capacity and cycle characteristics.
However, secondary batteries used in the most recent hybrid vehicles equipped with hybrid
engines must have high charging characteristics as well as discharge characteristics.
Although conventional nonaqueous electrolyte secondary batteries have been able to
demonstrate excellent performance in terms of discharge capacity and cycle characteristics,
their charging characteristics are still inadequate.

[0005]
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It is an object of the present invention to solve this problem by providing a nonaqueous
electrolyte secondary battery with better charging characteristics than the prior art.

[0006]
[Means for Solving the Problem]

The invention according to claim 1 is a secondary battery comprising a positive electrode, a
negative electrode, and a nonaqueous electrolyte, wherein the capacity ratio (B/A) between
the electrode capacity A of the positive electrode and the electrode capacity B of the
negative electrode is 1.3 < (B/A) < 2.5.

[0007]

If the capacity ratio (B/A) is less than 1.3, the improvement in charging characteristics is
insufficient. Therefore, a value of 1.4 or higher is preferred. Meanwhile, if the capacity ratio
(B/A) exceeds 2.5, the increase in the ratio of the negative electrode in a fixed volume
battery container causes the absolute volume of the positive electrode to decrease in
relative terms, resulting in a decrease in battery capacity and an increase in irreversible
capacity, which in turn reduces the actual capacity that can be drawn upon.

[0008]

Examples of positive electrode active materials that can constitute the positive electrode
include inorganic compounds such as metal oxides of alkali metals and metal chalcogens, as
well as conductive polymers. Specific examples include Li-containing transition metal oxides
such as LixMOy (where M includes at least one transition metal such as Co, Mn, Ni, V, and
Fe), metal oxides such as V20s, metal chalcogenides such as TiS2, MoS2, and NbSes, and
conductive polymers such as polyaniline, polypyrrole, and polyacene.

[0009]

Examples of negative electrode active materials that can constitute the negative electrode
include metals, carbonaceous materials, metal chalcogenides, metal oxides, and conductive
polymers. Specific examples include metal Li, alloys of Li with other metals such as Al, Zn,
and Sn, carbonaceous materials such as graphite and amorphous carbon, metal oxides such
as LixMOy (where M includes at least one transition metal such as Ti, V, Mn, Co, and Fe),
Nb20s, and WO3, metal chalcogenides such as TiSz2, MoS:z, and NbSes, and conductive
polymers such as polyacene and polyacetylene doped with Li ions, etc.

[0010]

The action of the present invention will now be described. In the nonaqueous electrolyte
secondary battery of the present invention, the capacity ratio (B/A) is limited to the specific
range of 1.3 < (B/A) < 2.5. As a result, the nonaqueous electrolyte secondary battery can
obtain excellent charging characteristics, as described in detail in the examples below. The
nonaqueous electrolyte secondary battery of the present invention can demonstrate
excellent charge-discharge characteristics that are even adequate in hybrid vehicles
equipped with a hybrid engine.

[0011]

[Embodiment of the Invention]
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Examples

The non-aqueous electrolyte secondary battery of the present invention will now be
explained using Fig. 1 to Fig. 3. In the examples, three types of nonaqueous electrolyte
secondary batteries (Samples E1 to E3) were fabricated as the products of the present
invention and one type (Sample C1) as a comparative product, for a total of four types, and
their charging characteristics were measured. First, the composition and manufacturing
methods of these nonaqueous electrolyte secondary batteries will be described.

[0012]
(Sample E1)

Sample E1 serving as a product of the present invention is a non-aqueous electrolyte
secondary battery, as shown in Fig. 1, comprising a positive electrode 1, a negative
electrode 2, and a non-aqueous electrolyte 3, in which the capacity ratio (B/A) between the
electrode capacity A of the positive electrode 1 and the electrode capacity B of the negative
electrode 2 is 1.3 < (B/A) < 2.5, specifically, B/A = 1.40.

[0013]

The nonaqueous electrolyte secondary battery in this example has a spiral wound structure
consisting of a strip-shaped positive electrode 1 and negative electrode 2 with a separator 4
interposed between them. The battery structure is shown in Fig. 1.

[0014]

The positive electrode 1 consists of a positive electrode current collector made of a strip of
aluminum foil and a positive electrode active material layer made of, for example, lithium
manganese oxide powder formed on the surface. The positive electrode 1 sheet is 127 um
thick, 130 mm wide, and 2,680 mm long. The positive electrode density was adjusted to
2.67 g/cm3. Meanwhile, the negative electrode 2 consists of a strip-shaped copper foil
negative electrode current collector and a negative electrode active material layer made, for
example, of carbon powder formed on the surface. The negative electrode 2 is 100 pm
thick, 134 mm wide, and 2,750 mm long. The density of the negative electrode was
adjusted to 1.25 g/cm3.

[0015]

The positive electrode 1 and the negative electrode 2 were wound together via an
interposed polyethylene separator that was 25 pm thick, 140 mm wide, and 3,000 mm long
sheet to form a winding core with a diameter of 4 mm and a length of 160 mm. The winding
core is made of aluminum. The nonaqueous electrolyte 3 was LiPFe/EC:DEC = 1:1 (LiPFe
dissolved in a mixture of ethylene carbonate and diethyl carbonate (1:1 by volume) at a
ratio of 1 mol/liter).

[0016]

As shown in the same figure, the positive electrode 1 is connected to the positive terminal
51 via a positive electrode lead 11 and a pole 511. Similarly, the negative electrode 2 is
connected to the negative electrode terminal 52 via a negative electrode lead 21 and a pole
521. The battery case is denoted by reference number 55.
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[0017]

In Sample E1, the positive electrode 1 and the negative electrode 1 were adjusted to have a
capacity ratio (B/A) of 1.40, as mentioned above. Specifically, the electrode capacity A of
positive electrode 1 was derived from the theoretical capacity, while the electrode capacity B
of negative electrode 2 was derived from the measured value using a Li counter electrode,
and the thickness of negative electrode 2 was adjusted so that the capacity ratio (B/A) was
1.40. As a result, in Sample E1, when the thickness of positive electrode 1 was 127 pm and
the thickness of negative electrode 2 was 100 um, the capacity ratio (B/A) was 1.40.

[0018]
(Sample E2)

In Sample E2 serving as an example of the present invention, the thickness of the negative
electrode 2 was changed to 125 ym so that the capacity ratio (B/A) was 1.79. In all other
respects, it was the same as Sample E1.

[0019]
(Sample E3)

In Sample E3 serving as an example of the present invention, the thickness of the negative
electrode 2 was changed to 161 pm so that the capacity ratio (B/A) was 2.43. In all other
respects, it was the same as Sample E1.

[0020]
(Sample C1)

In Sample C1 serving as the comparative product, the capacity ratio (B/A) was outside the
above specified range. In Sample C1, the thickness of the negative electrode 2 was changed
to 88 um so that the capacity ratio (B/A) was 1.22. In all other respects, it was the same as
Sample E1.

[0021]

Next, tests were conducted on each sample to determine the charging characteristics. In the
test, an initial charge-discharge was first performed on the non-aqueous electrolyte
secondary battery in each sample. In the initial charge-discharge conducted at an ambient
temperature of 20°C, the battery was charged to an upper voltage limit of 4.2 V at a
constant current of 0.2 mA/cm?, and then discharged to a lower voltage limit of 3.0 V at a
constant current of 0.2 mA/cm?.

[0022]

Next, each sample was charged and discharged to measure the reference capacity. In this
charge-discharge cycle conducted at an ambient temperature of 20°C, the samples were
charged at a constant current of 1 mA/cm? to an upper voltage of 4.2 V, and then
discharged at a constant current of 1 mA/cm? to a lower voltage of 3.0 V. Five cycles were
performed. The discharged capacity after the fifth cycle (the sixth cycle in total including the
initial charge) was set as reference capacity 1C.
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[0023]

Next, the charge density of each sample was measured. Here, the samples were charged at
a constant current of 1 mA/cm? until they reached 80% of reference capacity of 1C (80%
SOC), and after a one-hour pause, closed-circuit voltage and current measurements were
started. In the closed-circuit voltage and current value measurements, the battery was first
discharged at a current value of C/3 for 10 seconds, followed by a five-minute pause, and
recharging at a current value of C/3 for 10 seconds. Next, after a five-minute pause, a ten-
second charge-discharge was performed at current value 1C followed by a five-minute
pause. Then, charging and discharging were performed at current values 3C, 6C, 9C, and
12C, with five-minute pauses in between.

[0024]

The closed-circuit voltage and current values were measured at the completion of each ten-
second charge/discharge period. The measurement results for Sample E2 are shown in Fig.
2. In the figure, the current value is indicated on the horizontal axis and the voltage is
indicated on the vertical axis. The current values after charging are indicated with "-"
(minus). A regression line was obtained from each of the plotted measurement values to
obtain the current/voltage line D.

[0025]

In the same figure, the charge characteristic value, that is, the charge power of the battery,
can be expressed by the area S of the triangular region formed by connecting the three
points A, B, and C with straight lines. Point A in the figure is at the intersection of the
current/voltage line D and the vertical axis at a current value of 0 (potential Vo). Point B is
at the intersection of the cutoff voltage (upper limit voltage when charging) and the vertical
axis at a current value of 0. Point C is the point at the intersection of the cutoff voltage and
the current/voltage line D.

[0026]

The resulting charging characteristics are shown in Table 1. In Table 1, Vo is the potential at
point A, the IV slope is the slope of straight line D, the charge density is area S divided by
the overall weight of the battery, and the charge current is the current value at point C. In
Samples E1, E3, and C1, the straight current/voltage line was determined in the same
manner as in Sample E2 (figures omitted), and the Vo, IV slope, charge density, and charge
current values were determined using this line. These results are also shown in Table 1.

[0027]

The relationship between the capacity ratio (B/A) and the charge density (-W/kg) is shown
in Fig. 3. In the figure, the capacity ratio (B/A) is indicated on the horizontal axis and the
charge density is indicated on the vertical axis. It is clear from the figures and from Table 1
that keeping the capacitance ratio (B/A) above 1.3 and below 2.5 is effective in achieving
excellent characteristics such as a charge density above 400 (-W/kg).
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[0028]
[Table 1]
Sample No. Capacity Charge Characteristics at 80% SOC
Ratio Vo IV Slope Charge Charge
(B/A) (V) (Q) Density Current
(W/kg) (A)
C1 1.22 4.068 -0.263 -386.4 -0.504
El 1.40 4.054 -0.263 -418.5 -0.554
E2 1.79 4.035 -0.262 -457.8 -0.612
E3 2.43 4.028 -0.273 -425.7 -0.631
[0029]

[Effect of the Invention]

As explained above, the present invention can provide a nonaqueous electrolyte secondary

battery with better charging characteristics than the prior art.

[Brief Description of the Drawings]

[Fig. 1]

Fig. 1 is a cross-sectional view of the nonaqueous electrolyte secondary battery in the

example.

[Fig. 2]

Fig. 2 is a diagram used to explain the charging characteristics of the example.

[Fig. 3]

Fig. 3 is a diagram used to explain the capacity ratio (B/A) and the charge density of the

example.

[Key to the Drawings]

1: Positive electrode
10: Non-aqueous electrolyte secondary battery
2: Negative electrode

3: Rod-like winding core

4: Separator
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[Fig. 2]
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[Fig. 3]
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SOC80% TOF BRI
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C1 1.22 4.068 -0.263 | -386.4 | -0.504
El 1.40 4.054 -0.263 | -418.5 | -0.554
E2 1.79 4.035 -0.262 | -457.8 | -0.612

E3 2.43 4.028 -0.273 | -425.7 | -0.631
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