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Abstract Title: Drying process for cost effective production of Li-accumulators

(57) The invention relates to a method for manufacturing (large format) Lithium Battery packs, comprising the steps of
providing one or more electrochemical cells, entering the one or more electrochemical cells into a pouch, partly
sealing the pouch with the one or more electrochemical cells, entering the pouch with the one or more
electrochemical cells into a drying oven, resting the pouch in the drying oven for a defined time, removing the
pouch from the drying oven, transferring the dried pouches to an electrolyte filling station, filling the pouch with
electrolyte and sealing the pouch wherein the manufacturing steps are performed under a normal manufacturing
environment conditions, and only selected critical manufacturing steps involving the dried cells are performed under
dry room conditions. Apparatus comprising drying means, electrolyte filling means , pouch sealing means and dry

air or inert gas supply is also disclosed.
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Description

[0001] The present invention relates to the manufacturing of large format Lithium cells for

battery packs.

[0002] It is a known problem in the manufacturing of Lithium cells for battery packs that the
Lithium cells should contain only a minimum of water, as water leads to corrosion and side
reactions which in turn can lead to a loss in performance of the respective cells, such as

capacity loss, missing power capability, etc.

[0003] The water content in a Lithium cell should normally be less than 30 ppm. Generally,
this is achieved by handling the materials and processes under strictly dry conditions.
Machinery and materials are brought into dry rooms with reduced humidity. However, the
construction and maintenance of full size dry rooms that are capable of receiving the

necessary manufacturing equipment is very cost intensive.

[0004] Another problem with dry rooms is that the staff, necessary to operate the
manufacturing machinery, must be able to enter and leave the dry room, without interfering
with the dry room conditions, just as the material necessary for the manufacturing process
must be brought into the dry room. The human body carries substantial quantities of humidity
into those dry rooms. Once opened, e.g. for bringing in machinery, materials or people, it
takes a long time to reach Lithium working conditions again, which is contra productive and
makes the whole process very costly. Furthermore, the humidity can lead to difficulties in
controlling the manufacturing processes and thus to lower grade products. It also leads to
more difficult working conditions for employees who are exposed to extreme dry conditions

for prolonged periods of time.
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[0005] What has been proposed to solve the above mentioned problems is that materials for
lithium cell manufacturing are pre-dried before they are brought into the dry rooms, which
reduces the amount of humidity entered. However, this doesn’t solve the general problem that

arises from the fact that very large dry room volumes must be created and maintained.

[0006] Accordingly, there is still a need to provide a solution for the manufacturing of large

format Lithium cells that effectively overcomes the above mentioned problems.

[0007] What is proposed is a method for manufacturing large format Lithium Battery packs,
with the steps of assembling a stack of electrochemical cells, entering the assembled stack
into a pouch, partly sealing the pouch with the stack of electrochemical cells, entering the
pouch with the stack of electrochemical cells into a drying oven, resting the pouch in the
drying oven for a defined time, transferring the dried pouches to an electrolyte filling station,
filling the pouch with electrolyte and completely sealing the pouch, this method differing
from the known state of the art in that the manufacturing steps are performed under normal
manufacturing environment conditions, and only selected critical manufacturing steps are

performed under dry room conditions.

[0008] This method effectively allows manufacturing of large format Lithium cells that can
be handled in a normal working environment, in which no dry rooms are necessary, as only
critical parts of the manufacturing process are kept under dry room conditions with the dry
room environment restricted to selected machines only, such as the drying oven and/or the

electrolyte filling station, which is kept under inert gas or dried air.

[0009] Preferably, the defined fraction of manufacturing steps consists in entering into,
resting within, and transferring the pouch from the drying oven, but it may also include the
filling of the pouch with electrolyte. The drying oven has a temperature range of up to 200 °C,
but is typically kept at 120 °C. The pressure range is 0 — 400 mbar abs., with typically 50
mbar abs., constant or variable. Finally, the drying time ranges from 1h to 100 hrs., but

remains typically between 12hrs and 48 hrs.

[0010] Under those conditions the water, which can be adhesive, porous or crystalline water,

will diffuse out of the cells.
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[0011] The oven may consist of a central chamber that is constructed for vacuum
technology. Its shape is irrelevant. The concept can be modular. For bringing the cells in and

out of the drying oven, two airlocks may be provided.

[0012] Within the drying oven the cells may be stored in any convenient way and may be

moved during drying or not.

[0013] For transferring the pouch from the drying oven to the filling station a tunnel under

dry room conditions may be used.

[0014] In another preferred embodiment, the pouches may be moved continuously through

the manufacturing process.

[0015] It may be pointed out that water extraction is a particular problem with large format
Lithium cells, because water extraction becomes increasingly difficult with large cell formats.
A large format Lithium cell may be considered a lithium cell with dimension of about 10 cm
or more in at least one direction. The dimension may be much larger, however. A typical
example of a large format Lithium cell may have dimensions corresponding to DIN AS
format or larger, but possible formats are not limited to a specific length to width ration. A
large format Lithium cell typically comprises at least two electrodes, an anode and a cathode,
and a separator arranged between the anode and the cathode. In bi-cell configuration, a large
format Lithium cell typically comprises one double sided anode, two separators arranged on
both sides of the anode and two cathodes or one double sided cathode, two separators
arranged on both sides of the cathode and two anodes. Each electrode comprises a collector,
for example in the form of a metal foil and an active electrode material. A large variety of
collector materials, of active electrode materials and of separator materials is known in the art.
The invention is not limited to a specific material or material combination. The width of the
gap between the collectors is typically less than 1 mm. The typical lateral diffusion distance
from the middle of the electrode to the edge is between 10 and 20 cm. The target is to have

the cell in a homogeneous dry state.
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[0016] For enhanced drying a special “pumping the water vapour out of the cell” effect can
be applied. Pressure changes are applied in the oven. For example the pressure is reduced to
200 mbar abs. After a certain time there will be an equilibrium related to the water vapour
pressure in the structure. A certain part is diffusing out of the cell, even though this is a slow
process. To enhance the transport of water, the pressure in the oven is reduced and water
vapour 1s transported out of the cell. The repetition of this cycle leads to a gradually lower

water content in the cell.

[0017] Furthermore, the drying process must not lead to complete drying at all. A little rest
of water may remain in the cell with. This can be e.g. 300 ppm. This residual water is being

quenched out to a value < 30 ppm later on by filling in electrolyte.

[0018] The method as proposed can be used for any material in Lithium battery-technology,
including any anode material, any cathode material, any separator material and any electrolyte

applicable in lithium battery technology.

[0019] Further features and characteristics may be taken from the following non-limiting
description of preferred embodiments of the method and the drying oven used therein, with

reference to the enclosed figures, showing in:

Fig. 1 The schematic view of a round vacuum drying oven; and

Fig. 2 The schematic view of a modular concept for a drying oven, with vacuum tubes.

[0020] In Fig. 1 the schematic view of a round vacuum drying oven 2 is shown, with an
oven barrel 4 that is closed at the bottom but open at the top, and an oven lid 6, to close the

oven barrel 4 in an airtight manner.

[0021] In the background, an inlet tube 8 is shown and in the foreground a similar outlet
tube 10, through which trays (not shown) with Lithium battery cells 12 can enter the oven
barrel 4. In this particular embodiment, the rays with the battery cells are moved in an out of
the oven barrel on a continuous moving belt 14, which could of course be replaced by any

other means for moving the battery cells in and out of the oven 2.



10

15

20

25

[0022] The large format Lithium battery cells of Fig. 1 that are being moved into and out of
the oven 2, comprise a stack of electrodes that have been entered into a pouch, which is partly

sealed when entering the drying oven 2.

[0023] In the embodiment shown in Fig. 1., partly sealed pouches with electrode stacks that
form the battery cells, are slowly moved between the moving belt 14 entering the oven 2
through the inlet tube 8, and the belt 14, leaving the oven through the outlet tube 10 in a time
controlled manner at a temperature of 120 °C, a pressure of 50 mbar abs., which can be

constant or variable, for a drying time between 12 hrs and 48 hrs.

[0024] In Fig. 2 the schematic view of a modular concept for a drying oven 16, consisting of
vacuum tubes 18 is shown. As can be seen in the background of Fig. 2, the battery cells 12 are
again moved on moving belts 14 into the oven 16, i.e. the vacuum tubes 18, via an inlet lock
20 that has an entrance gate 22 and an exit gate 24. The battery cells 12 are then moved
through the vacuum tubes 18 of the oven 16 for a defined time, as described above with
reference to Fig. 1 already, and leave the oven through another outlet lock 26, having an

entrance gate 28 and an exit gate 30.

[0025] From the exit gate 30, the dried battery cells are moved through a transfer tunnel 32,
which is kept under a dry atmosphere by means of an inert gas or dry air, to an Electrolyte
Filling Station 34, which in the embodiment shown in Fig. 2 is a glass compartment that is

kept under dry atmosphere as well.

[0026] From this Electrolyte Filling Station 34, the battery cells move into a handling station
36.

[0027] In the setup of Fig. 2 only the oven 16, the transfer tunnel 32 and the Electrolyte
Filling Station 34 are kept under dry room conditions so that there is no need anymore to

construct full size dry rooms in which the battery packs are manufactured.
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Claims

Method for manufacturing (large format) Lithium Battery packs, comprising the steps
of:

providing one or more electrochemical cells;

entering the one or more electrochemical cells into a pouch;

partly sealing the pouch with the one or more electrochemical cells;

entering the pouch with the one or more electrochemical cells into a drying oven;
resting the pouch in the drying oven for a defined time;

removing the pouch from the drying oven;

transferring the dried pouches to an electrolyte filling station;

filling the pouch with electrolyte; and

sealing the pouch,

wherein the manufacturing steps are performed under normal manufacturing
environment conditions, and only selected critical manufacturing steps are performed

under dry room conditions.

Method according to claim 1, wherein the selected critical manufacturing steps
comprise the steps of entering, resting and removing the pouches from the drying

oven.

Method according to claim 1, wherein furthermore the manufacturing step of filling

the pouch with electrolyte is performed under dry room conditions.

Method according to any of the preceding claims, wherein the pouch is transferred

from the drying oven to the filling station through a tunnel under dry room conditions.
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10.

11.

12.

Method according to any of the preceding claims, wherein the pouches are moved

continuously through the manufacturing process.

Method according to any of claims 1 to 4, wherein the pouches are moved batch wise

through the manufacturing process.

Method according to any of the preceding claims, wherein the dry room conditions are

maintained by means of a dry gas or dry air.

The method according to any one of the preceding claims, wherein the drying oven is
kept under vacuum and wherein the steps of entering the pouch into and removing the

pouch from the drying oven is performed through respective air-locks.

The method according to any one of the preceding claims, wherein each one of the one
or more electrochemical cells comprises at least two electrodes and at least one

separator.

The method according to claim 8, wherein the vacuum within the drying oven is

varied over the time that the pouch rests within the oven, to achieve a pumping effect.

An apparatus for manufacturing (large format) Lithium Battery packs, the apparatus
comprising among others:

a drying oven,

an electrolyte filling station; and

a pouch sealing station,

all of which are connected by means of a pouch conveyor system,

wherein the drying oven, the electrolyte filling station and the pouch sealing station

comprise sealed manufacturing volumes for filling with dry air or an inert gas.

Apparatus according to claim 11, wherein the oven is a vacuum pressure oven, with an

airlock at the entrance and the exit respectively.



13.  The apparatus according to claim 12, wherein the drying oven is a variable vacuum

pressurce oven.
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