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@D (57) Abstract: Lithium is laminated onto or into an electrode structure comprising a metal conducting layer with an active material
I~ mixture of, for example, a nano-composite of silicon monoxide, together with graphite and a binder, such as polyvinyl di-fluoride
(PVDF). The lamination of lithium metal onto or into the electrode structure will reduce the amount of irreversible capacity by readily
supplying a sufficient amount of lithium ions to form the initial solid electrolyte interface. In order to laminate lithiumn metal onto or
~~ into the negative electrode, the lithium is first deposited onto a carrier, which is then used to laminate the lithium metal onto or into
the electrode structure. The next step is placing the coated electrode material and the lithium-deposited plastic between two rollers
or two plates. The rollers or plates are heated to about 120° C or within the range of 25° C to 250° C. A pressure of 50 kg/cm? to
600 kg/cm? is applied to the rollers. The speed of movement of the materials through the roller pair or the plate pair is in the range
of 10 cm/min to 5 m/min. The method can be used for either single-sided or double-sided coating. Using this technology alone, the

battery capacity can increase by 7% to 15%.
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LITHIUM THIN FILM LAMINATION TECHNOLOGY ON ELECTRODE
10
INCREASE BATTERY CAPACITY

FIELD OF THE INVENTION

This invention relates to a method and apparatus for reducing
the irreversible capacity of a rechargeable battery, in particular lithium ion

batteries, in order to increase the battery’s overall energy storage capacity.

BACKGROUND OF THE INVENTION

Batteries typically exhibit irreversible capacities after the initial
cycle of charging. The significant capacity lost in the first cycle results in a
loss in overall battery storage capacity. The irreversible capacity is due to
the formation of the solid electrolyte interface (SEl) layer in typical negative
electrodes from the first cycle of charging. However, other forms of
irreversible capacity may be due to additional reasons, for example, cavities
in the active material of the electrode structure may need to be initially filled
with lithium ions before lithium ion insertion can proceed.

SUMMARY OF THE INVENTION

The present invention is directed to a method and apparatus for
reducing the irreversible capacity of a lithium ion battery by initially
depositing a layer of lithium metal onto or into the electrode structure. The
deposited lithium serves to form the initial SEI layer before cycling to thus

reduce the amount of irreversible capacity and increase the overall battery
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storage capacity.

A typical electrode structure is comprised of a conducting metal
substrate coated with an active material mixture. For example, a typical
negative electrode consists of a copper substrate coated with a mixture of
graphite and a binder such as polyviny! di-fluoride (PVDF). In accordance
with the present invention, a lithium layer is deposited onto or into the
electrode active material to reduce the amount of irreversible capacity by
filling voids in the active material that do not participate in the reversible
lithium ion insertion process.

In accordance with a preferred embodiment, lithium metal is first
deposited onto a carrier, which is then used to transfer the lithium metal
to the electrode structure by the application of heat, vacuum, and/or
pressure. The carrier preferably comprises a long strip of plastic
substrate that is preferable for a continuous transfer of lithium onto or into
the electrode. In addition, this approach lends itself to commercial
production. The substrate could be one of several materials such as
ortho-polypropylene (OPP), Polyethylene Terephthalate (PET),
polyimide, or other type of plastic. Lithium metal can be deposited onto
or into one or both surfaces of the substrate. The lithium-coated plastic
and the electrode material are then placed between two rollers or two
plates. Lithium is transferred onto or into the electrode active material by

applying heat and/or pressure in vacuum. The rollers or plates are
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heated in vacuum to about 120°C, or within the range of 25°C to 350°C.
A pressure of 50 kg/cm?® to 600 kg/cm? is applied to the rollers. Similarly,
in the case of two plates, a pressure of 50 kg/cm? to 600 kg/cm? is
applied to the sheets of material between them.

The speed of movement of the carrier electrode material through the
roller pair or the plate pair is in the range of 10 cm/min. to 5 m/min. For a
given speed, the length of time the materials are exposed to the heat and

pressure rollers, or alternatively the heat and pressure plates, will be

fixed, depending only on the lengthwise distance of the plate along the
direction of the material movement. For the roller pair, deformation of the
rollers results in distance in the direction of travel of the material, which
adds to the actual contact time of pressure and temperature application.
The method could be used for either single-sided coating or double-sided
coating. In the double-sided coating method, both sides of the metal
substrate are coated with active material. The coated metal substrate is
then sandwiched between two lithium-coated plastic carriers, with the
lithium sides facing the active material on the coated metal substrate. All
three sheets are then fed into a mechanism for applying heat and/or
pressure in vacuum. As a result, lithium is transferred to both sides of
the electrode structure, i.e., the coated metal substrate.
The thickness of lithium transferred onto the electrode structure can be

controlled to produce a lithium coating between about 50 Angstroms and

PCT/US00/19348
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0.3 millimeters. Using this technology, it is expected to increase a lithium
ion battery capacity by about 7% to 15%.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the invention will
be more apparent from the following detailed description wherein:

Figure 1 shows the electrode structure coated with active material;

Figure 2 shows the structure of the film of lithium metal deposited
on the plastic substrate;

Figure 3A shows the roller pair system that will be used to transfer
the lithium from the carrier to the electrode by applying heat and pressure
in vacuum;

Figure 3B shows the plate pair system that will be used to transfer
the lithium from the carrier to the electrode by applying heat and/or
pressure in a vacuum atmosphere;

Figure 4 shows the first cycle of an example negative electrode, a

SiO nano-composite electrode that has not been laminated with lithium.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following text describes the preferred mode presently
contemplated for carrying out the invention and is not intended to
describe all possible modifications and variations consistent with the

spirit and purpose of the invention. This description is not to be taken in



10

20

25

WO 01/06578 PCT/US00/19348

a limiting sense, but is merely made for the purpose of describing the
general principles and preferred manner of practicing the invention. The

scope of the invention should be determined with reference to the claims.

The objective of this invention is to significantly reduce the
irreversible capacity produced mainly from the first cycle life of the active
material of an electrode. A reduction in the irreversible capacity will
ultimately lead to an overall increase in battery capacity. Lithium is
transferred to the electrode by lamination of lithium metal onto or into an
electrode structure. This electrode structure has a metal conducting
layer coated with an active material. For example, negative active
material is typically a mixture of graphite and PVDF. The lamination of
lithium metal onto or into the electrode structure will reduce the amount
of irreversible capacity by readily supplying sufficient lithium to fill any
voids in the active material, which do not participate in the reversible
lithium insertion process.

Figure 1 shows the structure of an electrode (100), having a
lithium coating (101) in accordance with the present invention. The
substrate (103) for negative electrodes is usually copper foil but other
types of material such as a copper-plated polymer may be used.
However, it must be noted that the substrate should not react with lithium

metal, which is why copper is most often used as the negative electrode
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substrate. The metal of the electrode may be coated with, for example, a
mixture of graphite and silicon oxide (102). A suitable mixture of about
20% SiO nano-composite and 80% graphite for a negative electrode has
an ability to create a capacity of about 500 mAh/g as compared to
graphite’s theoretical capacity of 372 mAh/g. This results in a significant
increase in the rechargeable capacity. However, such a mixture also has
significant irreversible capacity, making the present invention greatly
beneficial for such an electrode.

In order to laminate lithium metal (Figure 2, 201) to the electrode
(100), the lithium (201) is deposited onto a carrier (202), which is then
used to apply the lithium metal to the electrode structure. The carrier
preferably comprises a long strip of plastic substrate.

Figure 3A details the process in which lithium will be transferred
from the carrier substrate to the electrode. The left side of the figure is
prior to lithium printing, while the right side is after lithium printing. The
preferred embodiment consists of two rollers (305) or plates (Figure 3B,
306) with lithium plus carrier substrate (301) placed between the two
rollers or plates. In addition, pressure will be applied to the rollers
(Figure 3A, 305), or plates (Figure 3B, 306) and as the electrode (303)
and lithium-deposited carrier substrate (301) move through the rollers
(304), or plates, the lithium metal (201) will be laminated onto or into the

electrode (100).
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Figure 4 is a graph of the first cycle of a SiO nano-composite cell
that has not been initially laminated with lithium metal. If the discharge
curve is transposed along an imaginary axis, it is clear that there is a
large initial irreversible capacity that must be reduced in order to increase
battery capacity.

While the invention herein disclosed has been described by
means of specific embodiments and applications thereof, numerous
modifications and various could be made thereto by those skilled in the
art without departing from the scope of the invention set forth in the

claims.
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CLAIMS
What is claimed is:

1. A method to laminate lithium onto an electrode comprising the steps
of:

(a) utilizing an electrode structure coated with active material
consisting of, as a negative electrode example, a mixture of
graphite and a binder;

(b) utilizing lithium coated plastic sheet where in said plastic
sheet is selected from the group consisting of oriented
polypropylene (OPP) polyethylene Terephthalate, and
polyimide;

(c) pressing the said electrode material and said lithium coated
material together using a pair of pressing structures;

(d)  applying pressure and heat in vacuum to said materials
while they are pressed together by said pressing structures;

(e)  moving said materials though the pressing structures
while applying continuous pressure and heat to said materials
as they move through said pressing structures.

2. The method of claim 1 further comprising the step of utilizing the
said laminated electrode in lithium or lithium ion batteries.

3. The method of claim 1 further comprising the step of utilizing a pair
of rollers as the pressing structures.

4. The method of claim 1 further comprising the step of utilizing a pair

of plates as the pressing structures.
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. The method of claim 1 further comprising the step of applying heat

in @ vacuum atmosphere by utilizing said pressing structures at a
temperature within the range 25°C to 250°C.

. The method of claim 1 further comprising the step of applying

pressure in the range of 50 kg/cm?to 600 kg/cm? utilizing said
pressure structures.
A method for increasing the storage capacity of a lithium ion battery
including the steps of:
(@)  providing an electrode structure comprised of a metal
substrate coated with active material; and
(b)  depositing lithium onto or into said active material to

reduce cavities therein.

. The method of claim 7 wherein said depositing step includes:

(@)  providing a sheet carrier bearing a layer of lithium metal;
and
(b) pressing said layer of lithium metal against said active

material to transfer lithium onto or into said active material.

. The method of claim 8 wherein said depositing step further includes:

(@)  applying heat and/or pressure in vacuum to said carrier
and/or said electrode structure to facilitate transfer of said
lithium.
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Large irreversible capacity of first cycle of SiO nano-composite cell
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