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(54) Name of Invention

HIGH-POWER SOFT PACK LITHIUM-ION BATTERY AND MANUFACTURING TECHNIQUE
THEREOF

(57) Abstract

The present invention relates to a high-power soft pack

lithium-ion battery and a manufacturing technique thereof. i3 13 14 -
The single cell comprises a negative electrode, a positive ' &
electrode, a first separator, and a second separator and is i R A
made by winding the first separator, the negative electrode, /] N
the second separator, and the positive electrode stacked in
that sequence with the positive electrode being the
innermost layer. In the present invention, a positive
electrode first island area and a positive electrode second
island area that are not coated with any active materials are
disposed at certain distances on two sides from the positive
electrode tab of the lithium-ion battery; when wound, the
positive electrode second island area and the positive
electrode first island area correspond to and cover the
negative electrode tab and its back side, thereby preventing lithium plating caused by a positive electrode
active material facing the negative electrode tab. In the manufacturing method, hot or cold pressing of the
battery before formation squeezes excess electrolyte solution in the battery into a gas bag to increase the
battery’s hardness, tighten the contact between various separators, the positive electrode, and the negative
electrode, and reduce the interfacial impedance of the battery, thereby reducing the internal resistance of
the battery and improving the power density of the lithium-ion battery.
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CN 104157914 A CLAIMS Page 1 of 3

1. A wound single cell, wherein the single cell comprises a negative electrode, a positive electrode, a
first separator, and a second separator and is made by winding the first separator, the negative electrode,
the second separator, and the positive electrode stacked in that sequence with the positive electrode being
the innermost layer;

wherein when the single cell is unwound, the positive electrode comprises a positive electrode strip,
a positive electrode active material being disposed on two sides of the positive electrode strip, a positive
electrode tab, a positive electrode first island area, and a positive electrode first uncoated area being
disposed on one side of the positive electrode strip, a positive electrode second island area, a positive
electrode second uncoated area, and a positive electrode third uncoated area being disposed on the other
side of the positive electrode strip; the positive electrode tab and the positive electrode second uncoated
area are located in a middle area of the positive electrode strip and are disposed opposite each other, and
the positive electrode first island area and the positive electrode second island area are respectively
located on two lateral sides of the positive electrode tab; the positive electrode first uncoated area and the
positive electrode third uncoated area are located on two sides of the positive electrode strip and are
disposed at an end of the positive electrode strip; and

wherein the negative electrode comprises a negative electrode strip, a negative electrode active
material being disposed on two sides of the negative electrode strip, and a negative electrode tab and a
negative electrode uncoated area being disposed opposite each other on two sides and in a middle area of
the negative electrode strip.

2. The wound single cell of claim 1, wherein the distance between the positive electrode first island
area and the positive electrode tab is 0-270 mm, and the distance between the positive electrode second
island area and the positive electrode second uncoated area is 0-270 mm.

3. The wound single cell of claim 1, wherein the widths of the positive electrode tab and the negative
electrode tab are both 5-70 mm, and their thicknesses are both 0.1-0.2 mm;

wherein the widths of the positive electrode first island area and the positive electrode second island
area are both 13-80 mm;

wherein the width of the positive electrode first uncoated area is 0-220 mm, and the width of the
positive electrode third uncoated area is 15-620 mm; and wherein the widths of the positive electrode
second uncoated area and the negative electrode uncoated area are both 6-75 mm.

4. The wound single cell of claim 1, wherein the material of the positive electrode strip is aluminum
foil, and the material of the negative electrode strip is copper foil; and

wherein the material of the positive electrode tab is aluminum, and the material of the negative
electrode tab is nickel, copper, or nickel-plated copper.

5. The wound single cell of claim 1, wherein polyethylene terephthalate insulation tapes are disposed
at the positive electrode first island area, the positive electrode first uncoated area, the positive electrode
second island area, and the positive electrode third uncoated area, the thickness of the insulation tapes is
0.02-0.04 mm, the widths of the insulation tapes are greater by 0.5-1 mm than the widths of the positive
electrode first island area, the positive electrode first uncoated area, the positive electrode second island
area, and the positive electrode third uncoated area, and the lengths of the insulation tapes are greater by
2-8 mm than the lengths of the positive electrode first island area, the positive electrode first uncoated
area, the positive electrode second island area, and the positive electrode third uncoated area; a
polyethylene terephthalate insulation tape is disposed at the positive electrode second uncoated area, the
thickness of the insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 2-8 mm
than the positive electrode second uncoated area, and the width of the insulation tape is greater by 2.5-6.5
mm than the width of the positive electrode second uncoated area; and

wherein a polyimide acrylic insulation tape is disposed at the negative electrode uncoated area, the
thickness of the insulation tape is 0.055-0.065 mm, the length of the insulation tape is greater by 2-8 mm

CosMX Exhibit 1004, Page 2 of 33



CN 104157914 A CLAIMS Page 2 of 3

than the length of the negative electrode uncoated area, and the width of the insulation tape is greater by
1.5-5.5 mm than the width of the negative electrode uncoated area.

6. The wound single cell of claim 1, wherein the positive electrode tab and the negative electrode tab
have externally exposed portions of 10-20 mm, tab tapes are disposed respectively at the externally
exposed portions, and the distance between the tab tapes and an edge of the positive electrode strip or an
edge of the negative electrode strip is 1.5-2.5 mm; and the tab tapes are yellow tapes, white tapes, or
black tapes.

7. A high-power soft pack lithium-ion battery, the inside of the battery comprising at least one of the
wound single cell of any of claims 1-6.

8. A high-power soft pack lithium-ion battery manufacturing method, comprising the following
steps:

(1) mixing evenly lithium manganese oxide, conductive agent carbon black, and binder
polyvinylidene fluoride in a mass ratio of (90-100) : (2-4) : (1-3) into a slurry to obtain a positive
electrode active material; and

mixing evenly artificial graphite, conductive agent carbon black, binder sodium carboxymethyl
cellulose, and thickener styrene-butadiene rubber in a mass ratio of (94-97) : (0.5-2) : (1-2) : (1-3) into a
slurry to obtain a negative electrode active material;

(2) coating the positive electrode active material and the negative electrode active material onto the
surfaces of a positive electrode strip and a negative electrode strip, respectively, wherein an area of a
positive electrode tab, a positive electrode first island area, a positive electrode first uncoated area, a
positive electrode second island area, a positive electrode second uncoated area, and a positive electrode
third uncoated area are not coated with the positive electrode active material; wherein an area of a
negative electrode tab and a negative electrode uncoated area are not coated with the negative electrode
active material; and

wherein the coating density of the positive electrode active material is 160-210g/m?,

and the coating density of the negative electrode active material is 60-100g/m?; and

then welding tabs with tab tapes, or welding tabs without tab tapes for making a combined lithium-
ion cell, at the area of the positive electrode tab and the area of the negative electrode tab , after drying,
calendaring, and slitting, to obtain a positive electrode and a negative electrode;

(3) winding the negative electrode and the positive electrode made in Step (2) and a first separator
and a second separator, stacked in the sequence of the first separator, the negative electrode, the second
separator, and the positive electrode with the positive electrode being the innermost layer, the positive
electrode strip and the negative electrode strip being wound with the surfaces on which tabs are welded
facing up, into a wound cell;

wherein the first separator and the second separator are polypropylene separators, polyethylene
separators, ceramic coated polypropylene separators, ceramic coated polyethylene separators,
polyvinylidene fluoride coated polypropylene separators, polyvinylidene fluoride coated polyethylene
separator, or polypropylene-polyethylene-polypropylene three-layer separators, and a wound single cell is
obtained upon completion of the winding;

or, welding and connecting in parallel at least two of the aforementioned wound single cells and
securing them with insulation tapes to obtain a combined lithium-ion cell; and

(4) completing the process by packaging the wound single cell or the combined lithium-ion cell from
Step (3), vacuum baking, liquid injection, hot or cold pressing, and formation;

wherein parameters of the hot pressing and cold pressing are as follows:

hot pressing: surface pressure 1-6kgf/cm?, quantity of cells pressed each time 2-16 pieces, hot
pressing temperature 60-80 °C, hot pressing time 20-180S;

cold pressing: surface pressure 1-6kgf/cm?, quantity of cells pressed each time 2-16 pieces, cold
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pressing temperature 25-30 °C, cold pressing time 20-180S.

9. The high-power soft pack lithium-ion battery manufacturing method of claim 8, wherein after
coating the surfaces of the positive electrode strip and the surfaces of the negative electrode strip with
active materials in Step (2), polyethylene terephthalate insulation tapes are applied at the positive
electrode first island area, the positive electrode first uncoated area, the positive electrode second island
area, and the positive electrode third uncoated area, the thickness of the insulation tapes is 0.02-0.04 mm,
the widths of the insulation tapes are greater by 0.5-1 mm than the widths of the positive electrode first
island area, the positive electrode first uncoated area, the positive electrode second island area, and the
positive electrode third uncoated area, and the lengths of the insulation tapes are greater by 2-8 mm than
the lengths of the positive electrode first island area, the positive electrode first uncoated area, the positive
electrode second island area, and the positive electrode third uncoated area; wherein a polyethylene
terephthalate insulation tape is applied at the positive electrode second uncoated area, the thickness of the
insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 2-8 mm than the positive
electrode second uncoated area, and the width of the insulation tape is greater by 2.5-6.5 mm than the
width of the positive electrode second uncoated area; and

wherein a polyimide acrylic insulation tape is applied at the negative electrode uncoated area, the
thickness of the insulation tape is 0.055-0.065 mm, the length of the insulation tape is greater by 2-8 mm
than the length of the negative electrode uncoated area, and the width of the insulation tape is greater by
1.5-5.5 mm than the width of the negative electrode uncoated area.

10. The high-power soft pack lithium-ion battery manufacturing method of claim 8, wherein the
solvent of the electrolyte solution in Step (4) is a mixture of ethylene carbonate, diethyl carbonate, and
methyl ethyl carbonate, the electrolyte is lithium hexafluorophosphate, 1,2-vinylene carbonate is added as
an additive, and the liquid injection amount is 4.09/Ah+0.1g.
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TECHNICAL FIELD

[0001] The present invention belongs to the field of lithium-ion batteries; it relates to a lithium-ion battery
and a manufacturing technique thereof and more particularly to a high-power soft pack lithium-ion battery
and a manufacturing technique thereof.

BACKGROUND

[0002] To meet market demand for large-capacity soft pack lithium-ion power batteries, the length of
electrodes needs to be extended while strictly controlling the surface density of electrodes. However, for
wound lithium-ion power batteries, excessive length of the electrodes will lead to unnecessary trouble for
the manufacturing process and result in a higher defective rate; additionally, batteries using long
electrodes have a higher internal resistance, which is detrimental to high-current charging and discharging
of the batteries and severely hinders improvement in their power density.

[0003] In Chinese patent literature, CN203119046U describes a tab structure in which a positive electrode
tab is placed in a middle area of a positive electrode to reduce the internal resistance of lithium-ion
batteries and resolve the problems of poor cycling performance and consistency in lithium-ion batteries.
However, this method does not employ a structure in which a tab is placed in a middle area of a negative
electrode and does not reduce the internal resistance of batteries to a large extent. Chinese patent
CN202905842U describes a tab structure in which a positive electrode tab and a negative electrode tab are
both welded in middle areas of electrodes to further reduce the internal resistance of batteries and improve
the charge and discharge efficiency and service life of batteries. In these two patents, no uncoated foil area
that is not coated with any active material, which is referred to as an “island area” in the art, is disposed at
a certain distance from the right end of the positive electrode tab or at a certain distance from the left end
on the back surface of the weld area of the positive electrode tab to prevent the negative electrode tab,
when wound, to face a positive electrode material area when wound; such an electrode structure will

result in lithium plating once the battery is charged and thereby causing a series of thermal runaway and
lowering the battery’s safety performance. Therefore, it is necessary to configure an island area at such an
area to improve the battery’s safety performance.

[0004] The positive and negative electrodes and separator of a soft pack lithium-ion battery all have
porous membrane structures and liquid absorption capacity. Once the battery is injected with liquid and
let standing for a period of time, layers separate as a result of swelling due to liquid absorption. This
means that the contact between the separator and electrodes are not tight enough, which increases the
interfacial impedance and results in uneven interfacial reaction during formation. This is detrimental to
the forming of a dense solid electrolyte interphase film (SEI film) at a surface of the negative electrode.
Additionally, gassing in the formation process exacerbates this detrimental reaction. When the formation
voltage exceeds 3.95 V, lithium plating occurs on the negative electrode surface where the SEI film is
loose, thus creating a safety hazard to the power battery and increasing its internal resistance.
Furthermore, cell deformation of soft pack lithium-ion batteries at 3.9-4.1 V is more prominent compared
with aluminum/steel-case lithium-ion batteries because the case of the soft pack lithium-ion battery is a
relatively soft aluminum laminated film; after formation, hot fixture shaping of the cell within this voltage
range needs to be performed to relieve the batteries’ internal stress and eliminate cell deformation.
However, lowering the formation voltage to 3.95 V for the prevention of lithium plating during formation
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is not beneficial to the hot fixture shaping outcome of the battery. Therefore, it is necessary to tighten
looser contact between layers inside the battery by a certain means before the formation of the soft pack
lithium-ion battery to reduce the internal resistance of large capacity soft pack lithium-ion power batteries,
increase their power density, and address cell deformation.

SUMMARY

[0005] In response to defects and insufficiencies in the aforementioned currently available technology, the
present invention provides a high power density soft pack lithium-ion battery and a manufacturing
technique thereof.

[0006] Explanation of terminology:

[0007] Island area: in the present invention, island area is a widely known term in the art and refers to an
uncoated foil area that is not coated with any positive electrode active material on a positive electrode
strip facing the front and back surfaces of a weld area of a negative electrode tab once a cell is wound.

[0008] Coating line: in the present invention, coating line is a widely known term in the art and refers to
an edge area of an island area or uncoated area, i.e., a boundary area between an active material and an
electrode strip.

[0009] The technical solution of the present invention is as follows:

[0010] A wound single cell, the single cell comprising a negative electrode, a positive electrode, a first
separator, and a second separator and the single cell made by winding the first separator, the negative
electrode, the second separator, and the positive electrode stacked in that sequence with the positive
electrode being the innermost layer;

[0011] wherein when the single cell is unwound, the positive electrode comprises a positive electrode
strip, a positive electrode active material being disposed on two sides of the positive electrode strip, a
positive electrode tab, a positive electrode first island area, and a positive electrode first uncoated area
being disposed on one side of the positive electrode strip, a positive electrode second island area, a
positive electrode second uncoated area, and a positive electrode third uncoated area being disposed on
the other side of the positive electrode strip; the positive electrode tab and the positive electrode second
uncoated area are located in a middle area of the positive electrode strip and are disposed opposite each
other, and the positive electrode first island area and the positive electrode second island area are
respectively located on two lateral sides of the positive electrode tab; the positive electrode first uncoated
area and the positive electrode third uncoated area are located on two sides of the positive electrode strip
and are disposed at an end of the positive electrode strip; and

[0012] wherein the negative electrode comprises a negative electrode strip, a negative electrode active
material being disposed on two sides of the negative electrode strip, and a negative electrode tab and a
negative electrode uncoated area being disposed opposite each other on two sides and in a middle area of
the negative electrode strip.

[0013] According to the present invention, preferably, the distance between the positive electrode first
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island area and the positive electrode tab is 0-270 mm, and the distance between the positive electrode
second island area and the positive electrode second uncoated area is 0-270 mm.

[0014] According to the present invention, preferably, the widths of the positive electrode tab and the
negative electrode tab are both 5-70 mm, and their thicknesses are both 0.1-0.2 mm.

[0015] According to the present invention, preferably, the widths of the positive electrode first island area
and the positive electrode second island area are both 13-80 mm.

[0016] According to the present invention, preferably, the width of the positive electrode first uncoated
area is 0-220 mm, and the width of the positive electrode third uncoated area is 15-620 mm.

[0017] According to the present invention, preferably, the widths of the positive electrode second
uncoated area and the negative electrode uncoated area are both 6-75 mm.

[0018] According to the present invention, preferably, the material of the positive electrode strip is
aluminum foil, and the material of the negative electrode strip is copper foil.

[0019] According to the present invention, preferably, the material of the positive electrode tab is
aluminum, the material of the negative electrode tab is nickel, copper, or nickel-plated copper.

[0020] According to the present invention, preferably, polyethylene terephthalate insulation tapes are
disposed at the positive electrode first island area, the positive electrode first uncoated area, the positive
electrode second island area, and the positive electrode third uncoated area, the thickness of the insulation
tapes is 0.02-0.04 mm, the widths of the insulation tapes are greater by 0.5-1 mm than the widths of the
positive electrode first island area, the positive electrode first uncoated area, the positive electrode second
island area, and the positive electrode third uncoated area, and the lengths of the insulation tapes are
greater by 2-8 mm than the lengths of the positive electrode first island area, the positive electrode first
uncoated area, the positive electrode second island area, and the positive electrode third uncoated area;
and a polyethylene terephthalate insulation tape is disposed at the positive electrode second uncoated area,
the thickness of the insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 2-8 mm
than the positive electrode second uncoated area, and the width of the insulation tape is greater by 2.5-6.5
mm than the width of the positive electrode second uncoated area.

[0021] According to the present invention, preferably, polyethylene terephthalate insulation tapes are only
disposed at a coating line area of the positive electrode first island area, a coating line area of the positive

electrode first uncoated area, a coating line area of the positive electrode second island area, and a coating
line area of the positive electrode third uncoated area, and the insulation tapes cover 2-8 mm on two sides
of the coating lines.

[0022] According to the present invention, preferably, a polyimide acrylic insulation tape is disposed at
the negative electrode uncoated area, the thickness of the insulation tape is 0.055-0.065 mm, the width of
the insulation tape is greater by 2-8 mm than the width of the negative electrode uncoated area, and the
length of the insulation tape is greater by 1.5-5.5 mm than the length of the negative electrode uncoated
area.

[0023] According to the present invention, preferably, the positive electrode tab and the negative
electrode tab have externally exposed portions of 10-20 mm, tab tapes are disposed respectively at the
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externally exposed portions, and the distance between the tab tapes and an edge of the positive electrode
strip or an edge of the negative electrode strip is 1.5-2.5 mm; and the tab tapes are yellow tapes, white
tapes, or black tapes.

[0024] According to the present invention, the positive electrode active material and the negative
electrode active material use common ingredients in the art; preferably, the positive electrode active
material is an evenly mixed slurry of lithium manganese oxide, a conductive agent, and a binder, and the
negative electrode active material is an evenly mixed slurry of artificial graphite, a conductive agent, and
a binder.

[0025] According to the present invention, a high-power soft pack lithium-ion battery, and the inside of
the battery comprises at least one of the aforementioned wound single cell; preferably, the quantity of the
wound single cell is 2, and they are connected in parallel to form a double-wound-cell battery. The wound
single cell can be pressed to obtain a square lithium-ion battery.

[0026] According to the present invention, a high-power soft pack lithium-ion battery manufacturing
method, comprising the following steps:

[0027] (1) mixing evenly lithium manganese oxide, conductive agent carbon black (SP), and binder
polyvinylidene fluoride (PVDF) in a mass ratio of (90-100) : (2-4) : (1-3) into a slurry to obtain a positive
electrode active material,

[0028] mixing evenly artificial graphite, conductive agent carbon black (SP), binder sodium
carboxymethyl cellulose (CMC), and thickener styrene-butadiene rubber (SBR) in a mass ratio of (94-
97): (0.5-2) : (1-2) : (1-3) into a slurry to obtain a negative electrode active material;

[0029] (2) coating the positive electrode active material and the negative electrode active material onto the
surfaces of a positive electrode strip and a negative electrode strip, respectively, wherein an area of a
positive electrode tab, a positive electrode first island area, a positive electrode first uncoated area, a
positive electrode second island area, a positive electrode second uncoated area, and a positive electrode
third uncoated area are not coated with the positive electrode active material; wherein an area of a
negative electrode tab and a negative electrode uncoated area are not coated with the negative electrode
active material; and

[0030] wherein the coating density of the positive electrode active material is 160-210g/m?,
[0031] and the coating density of the negative electrode active material is 60-100g/m?; and

[0032] then welding tabs with tab tapes, or welding tabs without tab tapes for making a combined lithium-
ion cell, at the area of the positive electrode tab and the area of the negative electrode tab, after drying,
calendaring, and slitting, to obtain a positive electrode and a negative electrode;

[0033] (3) winding the negative electrode and the positive electrode made in Step (2) and a first separator
and a second separator, stacked in the sequence of the first separator, the negative electrode, the second
separator, and the positive electrode with the positive electrode being the innermost layer, the positive
electrode strip and the negative electrode strip being wound with the surfaces on which tabs are welded
facing up, into a wound cell;
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[0034] wherein the first separator and the second separator are polypropylene separators, polyethylene
separators, ceramic coated polypropylene separators, polyvinylidene fluoride (PVDF) coated
polypropylene separators, or polypropylene-polyethylene-polypropylene three-layer separators, and a
wound single cell is obtained upon completion of the winding;

[0035] or, welding and connecting in parallel at least two of the aforementioned wound single cells and
securing them with insulation tapes to obtain a combined lithium-ion cell; and

[0036] (4) completing the process by packaging the wound single cell or the combined lithium-ion cell
from Step (3), vacuum baking, liquid injection, hot or cold pressing, and formation;

[0037] wherein parameters of the hot pressing and cold pressing are as follows:

[0038] hot pressing; surface pressure 1-6kgf/cm?, quantity of cells pressed each time 2-16 pieces, hot
pressing temperature 60-80 °C, hot pressing time 20-180S;

[0039] cold pressing; surface pressure 1-6kgf/cm?, quantity of cells pressed each time 2-16 pieces, cold
pressing temperature 25-30 °C, cold pressing time 20-180S.

[0040] According to the present invention, preferably, in Step (2), the coating density of the positive
electrode active material is 180-185g/m?, and the coating density of the negative electrode active material
is 65-70g/m?.

[0041] According to the present invention, preferably, after coating the surfaces of the positive electrode
strip and the surfaces of the negative electrode strip with active materials in Step (2), polyethylene
terephthalate insulation tapes are applied at the positive electrode first island area, the positive electrode
first uncoated area, the positive electrode second island area, and the positive electrode third uncoated
area, the thickness of the insulation tapes is 0.02-0.04 mm, the widths of the insulation tapes are greater
by 0.5-1 mm than the widths of the positive electrode first island area, the positive electrode first uncoated
area, the positive electrode second island area, and the positive electrode third uncoated area, and the
lengths of the insulation tapes are greater by 2-8 mm than the lengths of the positive electrode first island
area, the positive electrode first uncoated area, the positive electrode second island area, and the positive
electrode third uncoated area; a polyethylene terephthalate insulation tape is applied at the positive
electrode second uncoated area, the thickness of the insulation tape is 0.02-0.04 mm, the length of the
insulation tape is greater by 2-8 mm than the positive electrode second uncoated area, and the width of the
insulation tape is greater by 2.5-6.5 mm than the width of the positive electrode second uncoated area; and

[0042] a polyimide acrylic insulation tape is applied at the negative electrode uncoated area, the thickness
of the insulation tape is 0.055-0.065 mm, the length of the insulation tape is greater by 2-8 mm than the
length of the negative electrode uncoated area, and the width of the insulation tape is greater by 1.5-5.5
mm than the width of the negative electrode uncoated area.

[0043] According to the present invention, preferably, in Step (3), the at least two of the wound single
cells are connected in parallel by ultrasound welding. In the winding, the positive electrode is the

innermost layer, and the winding ends with the positive electrode; once the winding is completed, the
third uncoated area of the positive electrode strip is exposed as the outermost layer of the wound cell.

[0044] According to the present invention, the electrolyte solution is a common electrolyte solution used
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in the art; preferably, the solvent of the electrolyte solution in Step (4) is a mixture of ethylene carbonate
(EC), diethyl carbonate (DEC), and methyl ethyl carbonate (EMC), the electrolyte is lithium
hexafluorophosphate (LiPFs), 1,2-vinylene carbonate (VC) is added as an additive, and the liquid
injection amount is 4.0g/Ah+0.1g.

[0045] More preferably, steps after formation comprise repackaging and capacity grading.

[0046] The high-power soft pack lithium-ion battery of the present invention comprises, inside the
battery, at least one wound single cell, each wound single cell having a positive electrode tab and a
negative electrode tab disposed at a middle area of a positive electrode strip and a middle area of a
negative electrode strip, respectively; here, the positive electrode strip has a positive electrode first island
area and a positive electrode second island area; the invention is capable of effectively lowering the
internal resistance of the battery and improving its safety performance while maintaining the battery’s

capacity.
[0047] The present invention provides the following benefits:

[0048] 1. The lithium-ion battery of the present invention comprises, inside the battery, at least one wound
single cell, each wound single cell having a positive electrode tab and a negative electrode tab disposed,
respectively; here, tabs of the same electrode type of the single cells are welded together by ultrasound
welding to form a combined cell; the battery has low internal resistance and high power density.

[0049] 2. In the present invention, a positive electrode first island area and a positive electrode second
island area that are not coated with any active materials are disposed at certain distances on two sides
from the positive electrode tab of the lithium-ion battery; when wound, the positive electrode second
island area and the positive electrode first island area correspond to and cover the negative electrode tab
and its back side, respectively, thereby preventing lithium plating caused by a positive electrode active
material facing the negative electrode tab.

[0050] 3. In the high-power soft pack lithium-ion battery manufacturing method of the present invention,
hot or cold pressing of the battery before formation squeezes excess electrolyte solution in the battery into
a gas bag to increase the battery’s hardness, tighten the contact between various separators, the positive
electrode, and the negative electrode, and reduce the interfacial impedance of the battery, thereby
reducing the internal resistance of the battery and improving the power density of the lithium-ion battery.

[0051] 4. In the present invention, the positive electrode tab and the negative electrode tab are disposed in
a middle area of a positive electrode strip and a middle area of a negative electrode strip, respectively, and
two island areas are disposed at two different areas of the positive electrode strip; therefore, while
ensuring the capacity of the soft pack lithium-ion battery remains the same, the invention is capable of not
only effectively lowering the internal resistance of the battery and reducing the amount of heat generated
when the battery discharges, but also improving the rate performance of the battery and increasing its
safety performance by preventing lithium plating in the battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIG. 1 is a cutaway view of a positive electrode, in its unwound state, of a wound single cell
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according to Embodiment 1 of the present invention.

[0053] FIG. 2 is a cutaway view of a negative electrode, in its unwound state, of a wound single cell
according to Embodiment 1 of the present invention.

[0054] FIG. 3 is a perspective view of the structure of a combined lithium-ion cell according to
Embodiment 2 of the present invention.

[0055] FIG. 4 shows 3C discharge curves of batteries of Embodiment 5 of the present invention,
Comparison Case 1, and Comparison Case 2.

[0056] In the figures: 11 — positive electrode strip, 12 — positive electrode active material, 13 — positive
electrode tab, 14 — positive electrode first island area, 15 — positive electrode first uncoated area, 16 —
positive electrode second island area, 17 — positive electrode second uncoated area, 18 — positive electrode
third uncoated area;

[0057] 21 — negative electrode strip, 22 — negative electrode active material, 23 — negative electrode tab,
24 — negative electrode uncoated area;

[0058] 31 — single cell, 32 — insulation tape, 33 — combined lithium-ion cell positive electrode tab, 34 —
combined lithium-ion cell negative electrode tab, 35 — tab tape, 36 — weld area.

DETAILED DESCRIPTION

[0059] Specific examples are provided below to describe in detail the technical solution of the present
invention for the purpose of facilitating understanding of the present invention; however, the present
invention is not limited thereby.

[0060] In the embodiments, the positive electrode active material 12 is a slurry of lithium manganese
oxide, conductive agent SP, and binder PVDF mixed evenly in a ratio of 95 : 3 : 2; the negative electrode
active material 22 is a slurry of artificial graphite, conductive agent SP, binder CMC, and thickener SBR
mixed evenly in aratio of 95.4 : 1: 1.6 : 2; and the capacity of the wound single cell is 5 Ah.

[0061] The solvent of the electrolyte solution is a mixture of ethylene carbonate (EC), diethyl carbonate
(DEC), and methyl ethyl carbonate (EMC); the electrolyte is lithium hexafluorophosphate (LiPFg); and
1,2-vinylene carbonate (VC) is added as an additive.

[0062] Embodiment 1: wound single cell

[0063] A wound single cell, the single cell comprising a negative electrode, a positive electrode, a first
separator, and a second separator and the single cell made by winding the first separator, the negative
electrode, the second separator, and the positive electrode stacked in that sequence with the positive
electrode being the innermost layer;

[0064] when the single cell is unwound, the positive electrode comprises a positive electrode strip 11, a
positive electrode active material 12 being evenly disposed on two sides of the positive electrode strip 11,
a positive electrode tab 13, a positive electrode first island area 14, and a positive electrode first uncoated
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area 15 being disposed on one side of the positive electrode strip 11; a positive electrode second island
area 16, a positive electrode second uncoated area 17, and a positive electrode third uncoated area 18
being disposed on the other side of the positive electrode strip 11; the positive electrode tab 13 and the
positive electrode second uncoated area 17 are located in a middle area of the positive electrode strip 11
and are disposed opposite each other, and the positive electrode first island area 14 and the positive
electrode second island area 16 are respectively located on two lateral sides of the positive electrode tab
13; the positive electrode first uncoated area 15 and the positive electrode third uncoated area 18 are
located on two sides of the positive electrode strip 11 and are disposed at an end of the positive electrode
strip 11; and

[0065] the negative electrode comprises a negative electrode strip 21, a negative electrode active material
22 being evenly disposed on two sides of the negative electrode strip 21, and a negative electrode tab 23
and a negative electrode uncoated area 24 being disposed opposite each other on two sides and in a
middle area of the negative electrode strip 21.

[0066] In this embodiment, the distance between the positive electrode first island area 14 and the positive
electrode tab 13 is 32 mm, the distance between the positive electrode second island area 16 and the
positive electrode second uncoated area 17 is 32 mm;

[0067] the widths of the positive electrode tab 13 and the negative electrode tab 23 are both 15 mm, and
their thicknesses are both 0.2 mm;

[0068] the widths of the positive electrode first island area 14 and the positive electrode second island
area 16 are both 35 mm;

[0069] the width of the positive electrode first uncoated area 15 is 58 mm, the width of the positive
electrode third uncoated area 18 is 180 mm:;

[0070] the widths of the positive electrode second uncoated area 17 and the negative electrode uncoated
area 24 are both 24 mm;

[0071] the material of the positive electrode strip 11 is aluminum foil, and the material of the negative
electrode strip 21 is copper foil;

[0072] the material of the positive electrode tab 13 is aluminum, and the material of the negative electrode
tab 23 is nickel-plated copper;

[0073] polyethylene terephthalate (PET) insulation tapes are disposed at a coating line area of the positive
electrode first island area 14, a coating line area of the positive electrode first uncoated area 15, a coating
line area of the positive electrode second island area 16, and a coating line area of the positive electrode
third uncoated area 18; the thickness of the insulation tapes is 0.02 mm, the insulation tapes cover 5 mm
on two sides of the coating lines, and the widths of the insulation tapes are greater by 1 mm than the
widths of the positive electrode first island area 14, the positive electrode first uncoated area 15, the
positive electrode second island area 16, and the positive electrode third uncoated area 18; a PET
insulation tape is disposed at the positive electrode second uncoated area 17; the thickness of the
insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 6 mm than the positive
electrode second uncoated area 17, and the width of the insulation tape is greater by 2.5 mm than the
width of the positive electrode second uncoated area 17;
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[0074] a polyimide acrylic insulation tape is disposed at the negative electrode uncoated area 24; the
thickness of the insulation tape is 0.055 mm, the length of the insulation tape is greater by 6 mm than the
length of the negative electrode uncoated area 24, and the width of the insulation tape is greater by 1.5
mm than the width of the negative electrode uncoated area 24;

[0075] the positive electrode tab 13 and the negative electrode tab 23 have externally exposed portions of
20 mm, and tab tapes are disposed respectively at the externally exposed portions. The distance between
the tab tapes and an edge of the positive electrode strip 11 or an edge of the negative electrode strip 21 is
2 mm; the tab tapes are yellow tapes;

[0076] the surface coating density of the positive electrode active material 12 on the positive electrode
strip 11 is 185 mg/cm?, and the surface coating density of the negative electrode active material 22 on the
negative electrode strip 21 is 76 mg/cm2,

[0077] Embodiment 2: combined lithium-ion cell

[0078] The cell of this embodiment is obtained by connecting in parallel two of the wound single cells of
Embodiment 1; in the parallel connection, the tabs are placed in the sequence of “left positive, right
negative,” and the capacity after the parallel connection is 10 Ah.

[0079] Embodiment 3: wound single cell
[0080] The wound single cell of Embodiment 1 except that:

[0081] the distance between the positive electrode first island area 14 and the positive electrode tab 13 is
270 mm, and the distance between the positive electrode second island area 16 and the positive electrode
second uncoated area 17 is 270 mm;

[0082] the widths of the positive electrode tab 13 and the negative electrode tab 23 are both 70 mm, and
their thicknesses are both 0.2 mm;

[0083] the widths of the positive electrode first island area 14 and the positive electrode second island
area 16 are both 80 mm;

[0084] the width of the positive electrode first uncoated area 15 is 220 mm, and the width of the positive
electrode third uncoated area 18 is 620 mm;

[0085] the widths of the positive electrode second uncoated area 17 and the negative electrode uncoated
area 24 are both 75 mm;

[0086] the material of the negative electrode tab 23 is copper; and

[0087] the surface coating density of the positive electrode active material 12 on the positive electrode
strip 11 is 210 mg/cm?, and the surface coating density of the negative electrode active material 22 on the
negative electrode strip 21 is 100 mg/cmz.

[0088] Embodiment 4: wound single cell

[0089] The wound single cell of Embodiment 1 except that:

13
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[0090] the distance between the positive electrode first island area 14 and the positive electrode tab 13 is
10 mm, and the distance between the positive electrode second island area 16 and the positive electrode
second uncoated area 17 is 10 mm;

[0091] the widths of the positive electrode tab 13 and the negative electrode tab 23 are both 5 mm, and
their thicknesses are both 0.1 mm;

[0092] the widths of the positive electrode first island area 14 and the positive electrode second island
area 16 are both 13 mm;

[0093] the width of the positive electrode first uncoated area 15 is 10 mm, and the width of the positive
electrode third uncoated area 18 is 15 mm;

[0094] the widths of the positive electrode second uncoated area 17 and the negative electrode uncoated
area 24 are both 6 mm;

[0095] the material of the negative electrode tab 23 is nickel; and

[0096] the surface coating density of the positive electrode active material 12 on the positive electrode
strip 11 is 160 mg/cm?, and the surface coating density of the negative electrode active material 22 on the
negative electrode strip 21 is 60 mg/cm2.

[0097] Embodiment 5

[0098] A high-power soft pack lithium-ion battery manufacturing method comprising using the combined
lithium-ion cell of Embodiment 2; the steps are as follows:

[0099] (1) mixing evenly lithium manganese oxide, conductive agent SP, and binder PVDF in a ratio of
95: 3: 2 into aslurry to obtain a positive electrode active material 12;

[0100] mixing evenly artificial graphite, conductive agent SP, binder CMC, and thickener SBR in a ratio
0of 95.4:1:1.6: 2 into aslurry to obtain a negative electrode active material 22;

[0101] (2) coating the positive electrode active material 12 and the negative electrode active material 22
onto the surfaces of a positive electrode strip 11 and a negative electrode strip 21, respectively; here, an
area of a positive electrode tab 13, a positive electrode first island area 14, a positive electrode first
uncoated area 15, a positive electrode second island area 16, a positive electrode second uncoated area 17,
and a positive electrode third uncoated area 18 are not coated with the positive electrode active material
12; and an area of a negative electrode tab 23 and a negative electrode uncoated area 24 are not coated
with the negative electrode active material 22;

[0102] after the surfaces of the positive electrode strip 11 and the surfaces of the negative electrode strip
21 are coated with the active materials, polyethylene terephthalate (PET) insulation tapes are disposed at a
coating line area of the positive electrode first island area 14, a coating line area of the positive electrode
first uncoated area 15, a coating line area of the positive electrode second island area 16, and a coating
line area of the positive electrode third uncoated area 18; the thickness of the insulation tapes is 0.02 mm,
the insulation tapes cover 5 mm on two sides of the coating line areas, and the widths of the insulation
tapes are greater by 1 mm than the widths of the positive electrode first island area 14, the positive
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electrode first uncoated area 15, the positive electrode second island area 16, and the positive electrode
third uncoated area 18; a PET insulation tape is disposed at the positive electrode second uncoated area
17; the thickness of the insulation tape is 0.02-0.04 mm, the length of the insulation tape is greater by 6
mm than the positive electrode second uncoated area 17, and the width of the insulation tape is greater by
2.5 mm than the width of the positive electrode second uncoated area 17;

[0103] a polyimide acrylic insulation tape is disposed at the negative electrode uncoated area 24; the
thickness of the insulation tape is 0.055 mm, the length of the insulation tape is greater by 6 mm than the
length of the negative electrode uncoated area 24, and the width of the insulation tape is greater by 1.5
mm than the width of the negative electrode uncoated area 24;

[0104] the coating density of the positive electrode active material 12 is 185g/m?, and
[0105] the coating density of the negative electrode active material 22 is 76g/m?; and

[0106] then welding tabs without tab tapes, for making a combined lithium-ion cell, at the area of the
positive electrode tab 13 and the area of the negative electrode tab 23, after drying, calendaring, and
slitting, to obtain a positive electrode and a negative electrode;

[0107] (3) winding the negative electrode and the positive electrode made in Step (2) and a first separator
and a second separator, stacked in the sequence of the first separator, the negative electrode, the second
separator, and the positive electrode with the positive electrode being the innermost layer, the positive
electrode strip 11 and the negative electrode strip 21 being wound with the surfaces on which tabs are
welded facing up, into a wound cell, the winding ending with the positive electrode, and, once the
winding is completed, the third uncoated area 18 of the positive electrode strip 11 being exposed as the
outermost layer of the wound cell;

[0108] the material of the separator is polypropylene, and a wound single cell is obtained once the
winding is completed;

[0109] two of the wound single cells obtained from Step (3) are connected in parallel by ultrasound
welding and secured by insulation tapes, thus obtaining a combined lithium-ion cell;

[0110] as illustrated in FIG. 3: when welding, a positive electrode tab 33 of the combined lithium-ion cell
and a negative electrode tab 34 of the combined lithium-ion cell are placed head-down, the distance
between upper edges of tab tapes 35 and upper edges of the separators is 1+0.5 mm; upon completion of
welding for connecting in parallel the tabs, the positive electrode tab 33 of the combined lithium-ion cell
and the negative electrode tab 34 of the combined lithium-ion cell are bent upward, and weld areas 36 are
cut by scissors to remove excess tabs so that the weld areas 36 align exactly with the outermost edge of
the cell 31; insulation tapes 32 are applied at lower ends of the weld areas, the insulation tapes 32 are 1-2
mm wider than the weld areas 36 and secure the weld areas 36 to an upper end of the wound cell; and

[0111] (4) completing the process by packaging the combined wound single cell from Step (3), vacuum
baking at 80 °C, liquid injection, hot or cold pressing, formation, repackaging, and capacity grading;

[0112] the liquid injection amount is 39.9~40.1g

[0113] parameters of the hot pressing and cold pressing are shown in Table 1:
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[0114] Table 1

[0115]
Cell pressing Pressure (kgf) Temperature (°C) | Time (S) Quantity of cells
method pressed (PCS)
Hot pressing 663 75 40 2
Cold pressing 663 25 70 2

[0116] Comparison Case 1

[0117] The high-power soft pack lithium-ion battery manufacturing method of Embodiment 5 except that
no hot or cold pressing is performed in Step (5).

[0118] Comparison Case 2

[0119] The wound single cell of Embodiment 1 except that the positive electrode tab 13 and the negative
electrode tab 23 are disposed at an end of the positive electrode strip 11 and an end of the negative
electrode strip 21, respectively.

[0120] Steps of Embodiment 5 are taken in this comparison case to make the wound single cell into a soft
pack lithium-ion battery.

[0121] Experiment Case

[0122] Electrical performance testing is performed on the soft pack lithium-ion batteries of Embodiment
5, Comparison Case 1, and Comparison Case 2, and the result is shown in Table 2 and FIG. 4.

[0123] Table 2 Electrical performance data of batteries of the three embodiments, average values

[0124]
Embodiment 1C discharge 1C discharge Internal Power density
capacity (mAh) median voltage (V) | resistance (mQ) | (Wh/Kg)
Embodiment 5 11798 3.722 6.2 175.64
Comparison Case 1 | 11631 3.643 7.8 168.14
Comparison Case 2 | 11700 3.602 13.5 165.91

[0125] It can be learned from comparing the data in Table 2 that the soft pack lithium-ion battery of the
present invention has lower internal resistance and higher power density.

[0126] It can be learned from the 3C discharge curves of the different batteries in FIG. 4 that the high-
power power density soft pack lithium-ion battery of the present invention has better rate performance for
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high-current discharge.
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A2 A e 8 B Rt Y BEL 5 55— T T i TR B L A SE B R R S
HUGHE 3. 9-4. IV REARRR / AN B 1 Lt R IRAS S B &, 5 AR RS R R AR 1%
10 [ P HES EAT B HBEE, BBt N AR A 7, T B A AR IS o i3 R A R L s
FEAR RN 3. 95V SRt Gu b i M B G, AR T it ok HOBGR AR . IRIE, D4 PRARR A Y
WAL R T AR, 2 e DR B R, s AL, b A b R B
B AL A BT, A 7 AR L N R 5 TR TR SRR B R A ARG S B

REAE

[0005] AR BHERN FIRIUA HAR A AF AR BB FIAS 2 , S0t —Fh B Th 3R e 2 2% FE L 5%
Bt S L T

[o006]  AiBULHH -

[0007]  B1X AR B TR 5 DX ARSI A FOR T, S Fa A BB SR e e I, IEARAR F s 1
TEXF AR RR AN BT TE ST, WA VR AR IEARE TR S 2 TR A X

4
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[0008]  JRATLL < AR BH BT IR IR AT Ee Ry AR A SNATE , S48 5 DX Bl A DX v A, B9
Wy SRRy I T Ak o

[0009] AU BHEIHEIARTTEUIE -

[0010]  —FhA5La Ep AR LS, % P H S S SR R IE AR 58— B RN 58 — BRI O 42 1l
BRI SR R R AR AR B i, (EAR A AE R E BRI

[0011]  FfA oELES B TF N, Tl 1 1E AR A0 8 TE AR 5 » BT IS (%) TEAROR 2 £ 79 () 12
A EARIE YT, BT 16 AR AR s () — I 58 B L AR AR B IE AR B — I8 X R E A 2 —
I, BT IS (1) TEARBR F 7 16 55— 1 B A TE AR 5 DXL IE AR B 2% L K R AR 5 — 25
DX FT 3 P9 L R BRI LE A 56 2% 13 DXL T IEARAR A s () A TR0 B O ARG B, AT 1
TEAR SR — 5 DRI IE AR 28— 5 DX 23 B T IE AR AR BRI PR 020 5 BT 1 1A 38— 25 1 X R AR 3
=2 DA T AR AR A PR 0 L1 A AR AR A IR S

[0012] BT il i) S Fr B8 SRR AR i, BT 1 S AR AR Ry i 1A 79 00 8 A S AR s T T
FIT I () G AR A% Py 7 R 0 ELASE - T A7 B A A o B AP A A AT A A 4 1 X

[0013] R AK B, DLIE K, BT (1) 1F AR 36 — 52 DX PR B8 IEARAR B 0-270mm, fT 3 1) 1E F% 28
TR X PR IER S A A X 0-270mm,

[0014]  FRYFAS K B, DRI 17, BTk 1) 10 AR B B R 47 AR B B 1 56 FE 340 R 5-70mm, &340 4
0. 1-0. 2mm.

[0015] R AR B, AR IE R, BT I IEAR S — 5 DR IEARBE — I X 56 23924 13-80mm,
[oo16]1 R A B, UL, BTl (1 IEAR 36 — 28 E X 58 & 8 0—-220mm, T ) 1E AR 56 — =%
11X % 4 15-620mm,

[0017] R AR B, ARIE T, Pk i IEAR S — 2% 3 DRI Al 2 1 X 1 58 30 24 6-75mm.
[0018]  HRA A A B, LI BT, FT ok Y LEARAR vt A B2 8 0 JBL, T 3 (%) SRR AR v s Ay i S 4
i

[0019] R AR BH, AL 1), BTk () L0 AR AR A B A 0, BTk 1 A7 AR AR B Ay 5 il sl i %
B

[0020] R AR B, AR IE I, BT 0 IE AR 35— B X L IE AR — 255 1 XL IE ARG — B X RTIE
PR = AR B XK IR & R4 S sy, Ak Ry B E 4 0. 02-0. 04mm, 2645
Fe s 5 B EE IEAR R — S X IR SR — 2 A XL IR S B ORI R 5 = 25 (1 X o 5
0. 5—1mm, £ 25 53+ B LU IEAR SR — B X L IEAREE — 25 1 X IE ARG — B ORI IE AR 2 — 2% (1
DX K 2-8mm s ITIR (1) IEAR R = AL X B A BN K R & FR 4 ey » 44 i
72 0. 02-0. 04mm, £ 2R i 7 K BU IE AR 28— (1 XK 2-8mm, £ 2R i 1 98 i LU I AR 26
A X R TE 2. 5-6. 5mm.

[0021]  FRYFA K B, AR IE T, ANAE IE AR EE — B DX ERAT A B IE AR AR — 28 A X IR A AL
B IEACE B IRAT AT B REN S =2 AR IR AR B W B RN R R L R4 %
JR s 5 425 Ji s W A A S P I 2-8mm

[0022]  R¥EAK B, PRIk, Frid i Sk as (A X 5B S TR R 7 ) 2 Sk e v, 24 250
5 L E 0. 055-0. 065mm, 2 2 i 5 19 96 BE bE AR 25 11 X1 96 P2 56 2-8mm, 208 2% Iy (1K P
Lb AR 2 (X K K 1. 5-5. 5mm.

[0023] R A I B, ALIE R, BT A () 1E AR AR B A0 SRR AR B Ah 5 10—-20mm, &85 343 73 7 3

5
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B IR, WK R B IE AR s B AR AN oy B3 %k 1. 5-2. Bmm s AR B TR B
Rk R

[0024] AR A B, BITER (1) TE AR5 T 4 TR0 SR 3 4 ) kg A AT 0 ke 2 » A 2B 1
JIT I TR LE AR 3 T 40 B e R AL 3 PR RTOR &5 R 48 I VR 5 1) S0 JiE BB, BTk 1) £ %
TEPEYD U NIE AT 55 RIRRE 5 2 B R G 3 A S 2R

[0025] AR AR BH, —Ff iy Th R R B 1 s, T N R B b — A BiR RS
PRELLS, SRR K, B2 AR B AN EON 2 A, FRIBCA O S B . A28 SR ] 48
H S 15 5 T2 B H it

[0026]  ARAEAK B, — P DR A B 7 b (K & vk, PIRWTE

[0027] (1) ¥ %0 FR 2. ¢ B 5 WL 3R (SP) b &4 7 2% fm 98l & 4% (PVDF) $% /& (90-100) -
(2-4) : (1-3) KR L BRI 5T, okl , 15 B MEY R

[0028]  FF NI&E A7 55 sk Re T HIF (SP) VRN &5 7R AR AT 4 280 (OMO) IGTHFI R 20 - T
TR (SBR) ## M (94-97) 1 (0.5-2) : (1-2) : (1-3) Iy i Ac tb i FE3y 5T, il puRl 2%, 15
FARE DR 5

[0020]  (2) 4 \EAR IS YL JTCRA S A% 355 T 400 3 43 ol i 7 A L AR AR i 1% 2 T AN A AR R
MR, P, IEARAR FEAL  IEAR S — 5 X IEAR S — S A X IERSS — B X IER S A
1 DX R IE AR 5 =2 [ X AR IEARIE TR 5 SRR B AL FA B AR 2 1 DX AN R 78 AR s T4
s

[0030] AT [ 1E ARG PEA) T v B 25 ol 160-210g/m’,

[0031] AT () S AR PR A7) 0 1) 7 5 % ok 60-100g/m”

[0032] AR, LT R PR A 20 U1, s 1 AR B B A R0 67 AR AR - Ak 8 i A S T R B R
B IREAN R B R AR E ] T HE S AR 1 i, A3 IEAR T F Atk A

[0033]  (3) %55 — BRI R F B R L IEAR R (U B i, IERR A 7R N 2 H 00 IR
(2) S A R0 EAR B[R] 55— R RN 28 — B R AT 8 8 B ARAR Py s AR AR ARy s 08 A
JRREAT R FE A — TH 3 B B S

[0034]  JITO (1% 55 — P IS 0 585 — B Ay 58 TR A B TR 58 47 ol T o 03 7 208 TR 4 v I 2%
Wi L4 (PVDF) 478 RN BRI SR NG — 5 O — NG — 2 M R AL B i, 48 5¢

T L W Iy
(00351 R, 4 /DA Lk F e P rh A 3, T s e T 2, P05 B
Tl

[0036]  (4) K DUR (3) RRIMELE PR N R A8 1 HO 2 B0 LS s RV
P A BIAE

[0037] P #EFIA S5 T -

[0038]  #AJK :[fii s J) 1-6kgf/cm’, BRI H S E R 2-16 H, BV E 60-80°C, 4 Hs i 8]
20-180S ;

[0039] VA K :0fi s )7 1-6kgf/cm’, BRI E & 2-16 H, ¥4 il & 25-30°C, ¥4 H i (8]
20-180S,

[0040] AR AK B, PLIERT, IR (2) o BT IR (1) 1E AR P40 0 1% 78 2% 2 89 180-185g/m’,
FIT I8 () GR35 T A T P 7 2 R 65-T0g/m’

6
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[0041] AR AR B, Lk 1), D3R (2) h IEARAR R 15 (1 2% TH A0 A7 AR AR F 5 (1) 328 THT 9k 7
M TG, IEAREE — B DX L IEAREE — 25 (DXL IEARCEE 03 DR I AR S =2 1 ORI SR
IR £ B 46 25 e , A e JEE B Sk 0. 02-0. Odmm, 406 25 J 45 55 B HE IE AR — 55 X L IEAR
H— AR IEAREE B KANE AR AR =2 A DX 8 R 0. 5—Lmm, 48 2% i iy K U IE AR B —
By DXL IEAREE — 2 A DX IEAREE — B ORH AR =2 A X KK 2-8mm 5 IEAREE — 2 A X
R SEAT 2K — PR & BRIty » 48 fee e IR P4 0.02-0. 04mm, £ 25 ey K B LG IEAR R
TR 2-8mm, 4 SRR R IE AR A5 X BE R RE 2. 5-6. 5mm ;

[0042] G K 25 1 IXORk G 0 E 0 i I0 o, ) &0 2 e A, 200 2% e 5 I A 0. 055-0. 065mm,
Y 2% JIE A FR K B B ARR 4 3 DX PR K B KK 2-8mm, 2 2% I8 7 1 58 B2 BL 0 A 4 1 XD 5 B o
1. 5-5. 5mm.

[0043] R4 A K, RIER, DI (3) &R /DWANGLE RS IFBIF RO 1 77 2
IR LN, ERAERNE, UIEW A WR, B R G, S B IERINE
NIERR A B =2 A X

[0044]  ARHE A B, HLRR BN AR T RV, ARIE Y, SDER (1) b P 1 H v v 57
NRTR LIl (BC) BRIR — £ B5 (DEC) FHRKIR I L FEHS (BMC) IR G R R, AR 75
PR (LiPFy), JFANIN 1, 2- BRIERE Z 4% s (VO) 1E SIS, 11 &4 M 4. 0g/Ah+0. 1g
Eo

[0045]  SEARIEI, 4k o e 3G R BB R 0 20 R

[0046] A% BH (1) i Dh R 50 A0 e B 25 1 RV Y AR AL HE 2 /D — NG S AR LD, B S ik
PSS 30 43 00 T L AR B AR S AR b B, L B L AR B i 0 A B ARy i T o ) 7
FEA BT EARAR BB IEARSE — B X REAR S — & X, H A s AR AR 1R rL it 25 B AR )
UL A R B v th p B, 82 22 4k

[0047]  ARBHIA AR WT

[0048] 1\ AX & BH )28 15 7 Fhyth PN 0L G 22 /D — AN RE SR SR LS 5 B B8 R LRSS 23 Al
BB AR, A BT I S A e B AR P A TR b Bl o e e 1 O R — R TR
R A RS, HEth Y BEAE, ThR e B2

[0049] 2. A B (¥4 B 7 L I 7 1E AR AR B 7 I — 2 0 8 A T — B SR P T R T
AR — B DRI AR 58— B X, B i AR 58 I8 DRI A 38— 15 DX 0 1 o) I 0, 5 4 A%
AR R A AR AR B ()75 1D 5 38 G LE B M40 5 L 5 S A AR B i = 2R A

[0050] 3 A< & B 4D v ) 20 4 A0 2 00 3 1 b 0 1) 46 5 VR R, T AR AR RN R T A
A PR i L P 22 AR I LR VAT N, B ey PR A R S B LE AR R AR ik
BB, et T BT PR, DA ARG rELth P B, 3 R B B 1 T G TR BE B

[0051] 4. HH A A BH P a1 L0 AR B 0 A7 AR AR - AL LE AR AR A i R B AR AR s 1)
H AR, HLERRAR B i 3 B AL B AN RN 5 X, BRI ARAIE B 2 2 3 7 it R A
3 [ FE A L, B B A 25 ARG R v P B, FAAEG R vt 0 LR (9 7 A, O RE s F b 1) £ R
RE, W] DLURE S AT B B 4 i e e

i (=] 15 AR
[0052] W& 1 AR B S 1 2558 5 A v LB TE AR e I I 30 T s s P o

7
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[0053] & 2 WA WSt fh] 1 58 S A s AR T I PR 7 T s T I

[0054] P& 3 ALY 2 B8 E 1 UG HIALAR G A 7n B

[0055] &l 4 A WISt fh] 5 AUeEEC ] 1-2 hlVEAS 2K HIh Y 3C JECE £k

[00561  ILr, 11— IEARAR A 7, 12— IEARIE TRV, 13— IEARARHE, 14— IEARSS — 81X, 15— IE
B — 22 X, 16— IEARER I X, 17— IEAREE 2 AKX, 18- IERSE =X ;

[0057] 21— GRRAR T 7f7 5 22— FARIEVEY) BT, 23— SRR H:, 24— SRR X

[0058] 31— FRikHLLS, 32— ZaLgfialy, 33— R AR 7N IEH, 34- BA#E TG 7
e H, 35— MR, 36— JRHRAL

BRLHEA R

[0059] A T B LM FE AR AN B, R T B R S SR TE 4 v B AR ke BRI R O & (HR AR
RIFAFFARIR T I,

[0060]  SEZJiti {4 A (E KRS TR T 12 SRR IR 5 HEL T SP Rl 45751 PVDF 4% B8 95:3 <2 ffid
IR G A I 2RE, ORIE HEY i 22 9 A& AT 36 - S HL ) SP ok 4571 OMC <3851 SBR 4% 18
95.4 :1:1. 6 :2 ML HIR G5 2R, L AR LS 2 24 5Ah,

[0061]  FEAEVE IV FIABRIR L 4ls (EC) JARIER — L5 (DEC) FHRKER 2L £ 38R (EMC) 11
RERR, BT N EEBERE (LiPFy), JRANIN 1, 2- BRIR I L4GlE (VC) 1E A sl
[0062]  Sjtifhl] 1 4548 B AR HEL S

[0063]  —F A5 La i A HLES, X AR HL S ELRE SR S IE AR B8 — BRI 5 — R B I 4 R
S BRI SR B R IEAR A T B IEAR A E RN 2 BRI

[0064]  ERAHLS FETF I, BTl (1) B AR A B0 HE IEARAR 7t 1L, BTl (9 iEARAR s 11 (R 7 )
BS54 TEAR TS TE I 12, FT Ik B TEAR AR 7 HE 11— 3 B IEARAR 13 IEAR S — B X 14
FEMER—25 X 15, Frid B IERB A 1 11 55— 008 B AR — 5 X 16 IERZE — 2%
X 17 FOEAREE =2 A X 18 s TR M IERARE 13 FUEMEE — 2 AKX 17 47 F1EARR A
L1 A )47 B 9 EAHRT B8 TR () IEARGE — B X 14 FERREE — 11X 16 43 367 T IE R )
13 (I s TR K IEAR SR — 25 (1K 15 FNEAREE =25 (11X 18 A7 T IEARAR A 417 11 193
BB AR 11 B

[0065] ATk BBk AL S AR A E 21, BTl B SRR A 21 BN S BB i)
WETEYI T 22, BRI GORAR R 17 21 (RPN ELAT T A 1807 B AR ARG B B AR AR B 23 Filn
WrHX 24,

[0066]  AS St , BTk I IERRAE — 51X 14 5 IEARARE- 13 (56 55 4 32mm, Bk (1) 1 A% 5
TRX 16 HIERGE A AKX 17 MEEEY 32mm ;

[0067]  PTIRMIIEARK B 13 AR B 23 156 A58 15mm, JZREYIA 0. 2mn ;

[0068]  FTIRMIIEAREE — BIX 14 FEKEE — & X 16 588344 35mn ;

[0069] PR IEAR A —2F X 15 8% A 58mm, Pk (Y IEAR A =2 X 18 8% 4 180mm ;
[0070] PRI IEAREE — 2 X 17 FRes X 24 196 230 24mm

[0071] PR I IEARAR iy 11 A TEM 50, BT il i) SRR e 21 A S 4 5

[0072] PRI IEARAREE 13 95544 0T, Pk i) S kel B 23 D9 Hi 84544 5

[0073]  FTRIIIEAR SR — B X 14 IRATERALE  IE R — 25 A X 15 IRATERALE  IEAREE — 5

8
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X 16 WRATEAT EMIENRE =2 A X I8 IRMEA B W EA BN R TR L/ (PET) 4%
JEEHT , A8 2 By SR B Ry 0. 02mm, 268 % Jis i W 8 Vv AT 2 9T O Hmm, 268 2% i 5 58 B2 LU IE AR — B
X 1A IERREE —2F AKX 15 IEAREE 5 X 16 FEARSE =25 X 18 (158 58 Lmm s IEAKEE —
THARX 1T WEA RN KRR BB SR, 2Ry JEFE N 0. 02-0. 04mm, 48 5% fe
KR IERREE — 2 AKX 17 K 6mm, 488505 58 B2 LU IEAR S8 — 8 (11X 17 %5 B2 %8 2. 5mm 5
[0074]  JirId (1) 67 A% 2% 1 X 24 B B A SR IR i 0 5e ) 48 s g, 4 R RN
0. 055mm, £ 2% et I FE Lo Al 2 1 X 24 1194 BE S 6mm, 2825 I H7 (1) 96 FE b Al (11X 24
() %5 BE 5 1. 5mm ;

[0075]  FTiR R IEARARE 13 AR E 23 4hE& Y 20mm, 4128 5620 7> B BRI . HRE
PSR B AR AR A 11 SRR A 21 AT %k 2mm s B B IRB BN B 5

[0076]  IEARBK A 11 EIEARGEPEY) I 12 (R 2 E K 185mg/cm’, SiARER i 21 b4
BTGP T 22 YR T 2 Témg/cm’.

[0077]  SEjifh] 2. B A8 E FHN

[0078] A i i 7] )43 6y HELES FEIAS SRS 1 S5 25 e B A RS SR IR S 45 3, JE BRI 4%
TR E “ 2o 1B B0 (NP ICE, FFR G A &4 10Ah,

[0079]  SEJlEf 3\ A& 58 HL AR IS

[0080]  4NSEHEMR | AT KIAE 58 AR HLES , SR A2 -

[0081] PR MIEAREE —BIX 14 SIERME 13 BIEEE A 270mm, Jrk i IEAREE — BIX 16
HIEWRE A AKX 17 [EEE 270mm ;

[0082]  PTIRHIIEARKR B 13 MR B 23 158 A2 5004 70mm, JZREYI2A 0. 2mm ;

[0083]  FTIAMIEAREE — 51X 14 FEAREE — 51X 16 %8344 80mm ;

[0084] AR Y IE AR 26— 25 (A IX 15 B8 & 4 220mm, FTid M IER 28 =2 (X 18 %N
620mm ;

[0085]  FITIAMIEAREE — 2 AX 17 FAGRE X 24 156 E ¥ 75mm

[oos6]  JITIRI ARkl - 23 g HiHs i

[0087]  IEARBK A 11 EIEARGEPEY) R 12 SR % E K 210mg/cm’, SAARER Fr i 21 E 4
WG T 22 VR BB T2 24 100mg/ e’

[0088]  Sjitifh] 4 A LE B AR HLES

[0089]  UISEHEMR | TR KB LE AR, ANEHIAZ -

[0090]  PTRATIEAR SR — 55X 14 51ERRE 13 FIFEE Y 10mn, Tk IEHRSE —BIX 16 5
EAREE — 28 (X 17 (EE A 10mm

[0091]  BTIRIIIEARKR B 13 PR B 23 156 A 5004 Smm, JEAEI4 24 0. 1mm ;

[0092]  JITIAMIEAREE — &5 1X 14 FNEARSE — 551X 16 BEAZ34°4 13mm ;

[0093] PR AIEAREE—2F FX 15 LA 10mm, Frk () IEAREE =25 H X 18 %84 15mm ;
[0094]  FIARIEAREE — 2 A X 17 FS A IX 24§58 2208 6mm

[0095]  PITik () FAARAR EE 23 8RR

[0096]  IEARAK A 11 L IERRIE HEY R 12 R % R 160mg/em’, SuAR AR 77 21 47
WS T T 22 Y78 T 2% ok 60mg /e’

[0097]  SEJEfH) 5
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[0008] ol iy Dy 8 4 A 2B 20 - R YL ) ) % VS, AR A FH S 8] 2 I 1) R A B S T
RS, P BRUTE -

[0099] (1) WSl . 3 HISR SP R &5 71 PVDF 4% 18 95 3 :2 I RC LU B FE 35T, il k) 2%, 75
IEARIE ) 3 12

[0100] ¥ N1 A 55, 5 HLF) SP R 2555 OMC BG B 57 SBR 4% i 95. 4 :1 1. 6 2 [FIC LLhi #
5157, R, 1 RS R R 22

[0101]  (2) ¥ IEARTEHED T 12 FH GRS PEYD T 22 43 SR B8 AE IE AR 77 11 [ i Al
GO A 21 R, Hodr, IEARARE 13 AbIEAREE — B X 14 IERERE — 25 1K 150 IEARSS
T 16 IEAREE A X 1T FIEAR S =25 (X 18 AR IEARTE EYI T 12 5 Skl B 23
AR B AR 2 X 24 AR SRE YR 22

[0102]  [EARAR A A 11 FIR R AR B A 21 WIRTER A IS ME S IEAR R — 5 [X 14
IRATERALE  IERE T AR 15 IR E  IERE B X 16 AL EAEWE =2 A
X 18 IR B W ER B K _FIR L s (PET) Zagkfscts, 4840 ) 0. 02mm, 44
G AT IR AT 299 5mm, 282 s 55 BT LU IEAR S — S IX 14 EARSE — 2 A X 154 ERR
TIIX 16 FNERESE =2 A X 18 AT lmm ;s IERRGE — A HIX 17T WEAHRN AKX ZFRL
TRE ARSI, AE SRR R A 0. 02-0. 04mm, £ 2% IR KT ELIEAR S S X 17 K 6mm,
Y et o FE LU IEARCGE — A X 17 $EFESE 2. 5mm s

[0103] AT I (1) 67 A 2% 11 X 24 B B A 3 IR 0 I 0 5 ) 440 5 s s, 4 4k TR R N
0. 055mm, 2 2 s 7 I B B AR 25 111X 24 KBS K 6mm, 26 25 0 iy 149 58 52 LU ARl s T X 24
()55 P %6 1. 5mm ;

[0104]  FRIRFIERIE DR 12 (R % %N 185g/m’,

[0105]  FTIRI MRS MEY T 22 (MR E R T6g/m”

[0106]  ZRJ5, Mt T ARIEFT V), 5 IEARAR B 13 bR AR AR B 23 AbIE R AN AR B 1
WEHTHERE S8 E 75, FIERA AR A

[0107]  (3) &5 — PRI U F 58 BRI IE AR B U B, \EAR A AN 2, B IR
(2) A3 A AR [R5 — R RN 38 — BRI AT A5 48, IEARAR 7 11 R0 BUARAR Fr i 21
O CLIE B B B I — 1 5 L CE G S g s, LLER T R, B4R45 WG, B AE G O 1 e h
B IERR R 11 5 =2 AKX 18

[0108]  JITik (RIBE A4 0 4 S8 T M, A48 5C SEM B R B IR LS

[0109] K PADIR (3) 19 B 5E oA o C I ol 75 i R B2 10 7 ST 6, I8 4 21
il e, R E A E TS

[0110] 0 3 Fion 5N A48 N ERE 33 AR A 408 1 it 0l B 34 Sk
BN CE, B 35 ISk RE R Filg 1 0. omm A H IR B E R G, B ESHE T
HUUS IE AR B 33 A A 41 5 1 f O SR B 34 5A_L BT, FHBY TG BT 8240 36, 2 RN E
PR, A ARAEAL 36 1E AP SR A I HLS 31 I ZOT55 IR AL 36 ki 4a S et 32, 46
Sl 32 LUAREEAL 36 B 1-2mm, H A 2w 32 ¥ 084k 36 [ e EE & b

o111] (4 KA 3) FEME G EBEE PR N AR5 .80°C ARSI I8 ik
B, RS A, B

[o112]  PITIREVE &R 39.9 ~ 40. 1g

10
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[0113]  Frid#AEFA KIS Hank 1 s -
[0114] £ 1
[0115]
R T K (kgf)  [RE (CC)  |WTE (S) ESEE (PCS)
IR 663 75 40 2
%Ik 663 25 70 2
[o116]  XTELAH 1
[0117]  GnSEHERE] 5 Brzs 1 i B 3 0 B 25 81 B8 Bt i o) &5 5 8, AR, PR (B) AN
AT HGA IR #R1E
[0118]  XfLbfs 2
[o119]  LnsEHEf] 1 PriRiAE5e AR HES, ANE 2 BTk AR AR B 13 Fl il il B 23 43

9 AT T () IERRRR P s L1 RGN Py 7ty 21 B o

[0120]  F2SEtifh] 5 (1925 BRKs AN LA )45 8 B A RGBS 95 0 B0 5 B0 B 1 P it o
[0121]  SEEG4A
[0122] Mg SEEf) 5% EL) 1 AU B 2 A5 BB RSB Bl B 1 fe AT LI RE A K,
ERINFE 2, 1 4 Fios.
[0123] 3% 2 =Fh Sl ) il vl vt v M e 08 P 294
[0124]
5 7% 10K 5 ¥ WAL P EEEN |[AE (nQ) | 2EREFA
( mAh) (Wh/kg)
FE B 5 11798 3.722 6.2 175. 64
] 1 11631 3,643 7.8 168. 14
) 2 11700 3.602 13.5 165,91
[0125] Ik EE 2 HHE xS EE R, A AR B B R0 B B ES 1 it N BELBE /DN, Dh 2R R B
JE R =
[0126] ik ] 4 AN it 3C JCH 4 T 2, AR BH R 11 i 2 e Rl e P AR e B S 1

HLHL R LU I (R MR RE BE AT
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12 13

16 17 18

o

K3
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3.8

3.5 .
3.4 i
3.3 1
32
g 3.1 i

3.0 -

28 ]

2.8

2.7 A
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