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RECHARGEABLE LITHIUM BATTERIES COMPRISING MEANS FOR THE
SORPTION OF HARMFUL SUBSTANCES

The present invention relates to rechargeable lithium batteries containing means
capable of sorbing the harmful substances generated by these batteries during their use.

Rechargeable lithium batteries are used 1n several electronic devices thanks to
their greater capacity and power and energy density. Recent developments of these
batteries that have further improved their performances allow their use also 1n hybrid or
totally electric vehicles.

Rechargeable lithium batteries and their operation principle are widely known. In
particular a lithrum battery comprises two clectrodes (anode and cathode) spaced apart
by means of a separator and immersed in an ¢lectrolyte. The oxidation reaction occurs
on the anode and allows to release electrons into the electric circuit, whereas the
reduction reaction occurs on the cathode and allows to reintroduce clectrons into the
battery through the electric circuit. The electrolyte has the purpose of completing the
clectric circuit of the battery by allowing the 1ons transportation from one electrode to
the other, whereas the separator has the function of preventing a short-circuit between
cathode and anode.

Therefore, lithium batteries are essentially comprised of an airtight container
inside which are arranged clectrodes (anode and cathode) immersed or impregnated
with special clectrolytic solutions and spaced apart by means of a separator, and
clectrical contacts communicating a portion of these electrodes with the outside of the

battery.

As to the cathode, a 20 um thick aluminum sheet is typically coated with oxides
such as L1Co0O,, LiIN10O,, LiMn,04, L1FePOy4, also mixed oxides of N1 and Co according
to the formula LiCoyN1; O, may be employed for this purpose. While the anode 1s
typically made of a copper sheet coated with graphite. In the rest of the description of
the invention anode and cathode will no longer be distinguished, but these elements will
be generically 1dentified with the term electrode.

As to clectrolytic solutions, these are typically formed of an organic solvent and a

ionic salt. As to the 1onic salt, lithium hexafluorophosphate (LiPFg) 1s mostly used,
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whereas as solvents mostly used are propylene carbonate (PC), dimethyl carbonate
(DMC), diethyl carbonate (DEC), ethyl carbonate (EC) and dimethyl ethane (DME)
alone, or more commonly a mixture of two or more components chosen among these.

The separator 1s generally made of a porous polymeric material that 1s permeable
to lithtum 10ns.

Harmful substances, being often in a gasecous form, may be generated inside
[ithium batteries during their use, which may damage the batteries even 1n an irreparable
manner. Another possible source of harmful substances may be due to the desorption of
some¢ materials used inside the battery. More details about the mechanisms generating
harmful species inside lithium batteries may be found 1n the article “Gas generation
mechanism due to electrolyte decomposition in commercial lithium-1on cell”, by Kumai
ct. al. published 1n 1999 on the Journal of Power Sources, pages 715-719, and 1n the
article “In situ study on CO, evolution at lithium-1on battery cathodes”, by Vetter et al.,
published in 2006 on the Journal of Power Sources, pages 277-281.

Carbon dioxide (CO;), carbon monoxide (CO), saturated and unsaturated
hydrocarbons, oxygen (O,) and hydrofluoric acid (HF) are among the most harmful
gascous species, whereas water (H,O), which 1s another very harmful species, 1s
typically present in liquid phase dissolved in the electrolytic solution. CO; too may be
present 1n liquid phase, although the major risks associated to its presence inside the
battery are due to 1ts gasecous phase.

In the lithium batteries made according to the prior art, getter materials are used
for the manufacturing of composite barriers, 1.¢. their function 1s to prevent impuritics
from entering the electrochemical cell rather than sorbing the gases present or generated
therein.

In particular, patent application US 2007/0042264 mentions the presence of
barrier layers for the sorption of H>O 1n the arca where the battery 1s sealed, while 1n
this document the presence of getter materials in lithium batteries 1s said to be usetul
without describing the methods for introducing these materials inside the
clectrochemical device.

The possible use of barrier layers made of getter materials inside lithium batteries

1s also described 1n patent application WO 2005/067645 and 1n patent application US
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2006/0286448.
All these solutions do not tackle the problem of the compatibility between the

getter material and the electrolyte. The getter material must 1in fact be completely mert
to the electrolyte, both 1n order not to jeopardize its sorbing properties and 1n order not
to release substances being harmful for the battery operation as a consequence of the
reaction between the getter material and the electrolyte. Such a compatibility must also
be ensured after the getter material has carried out its function by bonding to harmful
species present inside the battery.

Morcover, the solutions of the prior art can prevent or slow down the ingress of
harmful substances inside the battery, but they are not efficient as to the sorption of the
harmful substances generated or present inside the same battery:.

In a first aspect thercof the present invention relates to a rechargeable lithium
battery being able to overcome the problems still present in the prior art, and 1t
particularly consists 1n a rechargeable lithium battery comprising an airtight container,
clectrodes immersed 1n an electrolytic solution, said electrodes being spaced apart by
means of one or more separators, clectrical contacts connected to the electrodes and a
means for sorbing harmful substances, characterized in that said means for sorbing
harmful substances comprises a polymeric housing being permeable to said harmful
substances but mmpermeable to the clectrolyte and containing one or more getter
materials for the sorption of said harmful substances.

The 1nvention will be described with reference to the following drawings,
wherein:

- figure 1 shows a means for the sorption of harmful substances in rechargeable
lithium batteries according to the present invention;

- figure 2 shows another embodiment of a means for the sorption of harmful
substances 1n rechargeable lithium batteries of the invention;

- figure 3 shows a sectional (broken) view of a rechargeable lithium battery
comprising a permeable polymeric container containing getter materials;

- figure 4 shows an alternative embodiment of the rechargeable lithium battery shown
in figure 3;

- figure 5 shows a longitudinal-sectional view of a rechargeable lithium battery
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having a different shape and comprising a permeable polymeric housing containing
getter materials; and

- figure 6 shows a cross-sectional view of a preferred embodiment of the rechargeable
[1thium battery shown 1n figure 3.

The size and the dimensional ratios of the various members shown i1n the
drawings are not correct, but have been altered 1n order to help understanding the
drawings themselves. Morcover, still for the same reason, some characteristic
components of the batteries, such as for example the separators arranged between the
clectrodes, have not been shown.

International patent application WO 2007/080614 1n the applicant’s name shows
an ¢lectrolytic capacitor comprising a sorber of impurities made of a polymeric housing
being permeable to the harmful substances but impermeable to the electrolyte and
containing on¢ or more getter materials for the sorption of said harmful substances,
which sorber, rather than being employed 1n a rechargeable lithium battery, 1s used in a
different device for storing energy (electrolytic capacitor).

Figure 1 shows a means 10 for the sorption of harmful substances, comprised of
two polymeric sheets 11 and 12 welded to cach other and defining a cavity 13
containing powders of one or more getter materials 14.

At least one and preferably both the materials forming the polymeric sheets 11, 12
arc permeable to the harmful substances but impermeable to the electrolyte, thus
accomplishing a protective action with respect to the getter material. This allows to
employ a general technical solution to the problem of removing harmful substances 1n
rechargeable lithium batteries, the solution being not bound to the type of electrolyte
used 1nside the battery.

The thickness of the polymeric sheets 11, 12 1s a very important parameter for
carrying out the imnvention, as 1t 1s necessary that these sheets are thin 1in order to allow
an cffective permeation of the harmful substances, but at the same time the sheets must
be thick enough to prevent them from breaking and to avoid the consequent loss of
getter material.

In order to satisfy these contrasting requirements 1t has been determined that the

thickness of the polymeric sheets 1s comprised between 2 and 50 um and preferably
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between 5 and 15 um. In a preferred embodiment the two polymeric sheets have the
same thickness.

Means for the sorption of harmful substances for the use 1n rechargeable lithium
batteries having a structure similar to that described 1n figure 1 might also be obtained
by using a single polymeric sheet folded on 1tself along a line, thus forming one side of
the means and being welded along the other side or the other sides 1n order to form a
closed cavity completely similar to cavity 13. Morecover by doing so the previously
described preferred embodiment 1s obtained, 1.e. sheets 11 and 12 have the same
thickness and the same permeability.

When the means for sorbing the harmful substances 1s arranged along one of the
inner walls of the rechargeable lithium battery, 1t 1S possible to use a higher thickness
for the sheet contacting said wall, as there 1s no permeation of harmful substances along
the contact surface between the getter system and the battery wall.

The getter materials contained 1n the polymeric housing are preferably in the form
of powders, with a size comprised between 10 and 60 um. It also possible that the getter
material 1s used 1 the form of pills formed of compressed powders. Such an
embodiment 18 useful when a larger amount of getter material must be introduced 1nto
the battery.

Figure 2 shows a system 20 for the sorption of harmful substances, wherein two
different getter materials 22, 22° are introduced m the form of pills enclosed 1n a
cylindrical housing 21 made of a polymeric material permeable to the harmful
substances. A variation of the system of figure 2 1s a single pill formed of getter
material powders enclosed 1n a (generically cylindrical) polymeric housing, permeable
to the harmful substances, in direct contact with the surface of the pill; a similar sorbing
means (not shown 1n the drawings) can find application 1n batteries of suitable shape,
¢.g. button-like batteries.

Getter materials 1n permeable polymeric housings used 1n other applications and
fields are known and described for instance in patents US 4,830643, US 5,743,942 and
US 6,428,612.

As to the materials forming the permeable polymeric housing, the inventors have

found that suitable materials for carrying out the invention are polyolefins, in particular
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polyethylenes, and more 1n particular low density polyethylene (LDPE), polypropylene
(PP), polystyrene and thermoplastic olefins (TPE), or fluorinated polymers such as
polytetrafluorcthylene (PTFE). Another polymeric material that may be used 1s ethyl-
vinyl-acetate (EVA).

According to the present invention, the getter materials employed 1n the means for
removing harmful substances are of various types, depending on the harmful substances
to be removed from the battery. The nature of these substances, for each type of lithium
battery, may be determined through preliminary tests carried out on batteries being not
provided with means for the removal of harmful substances.

When the harmful substance 1s H>O 1t 1s possible to use oxides of alkaline-carth
metals (preferred oxides of this type are magnesium and calcium oxides), boron oxide
or zeolites of various nature.

When the harmful substance 1s carbon dioxide, suitable getter materials for
carrying out the mvention are carbon molecular sieves (CMS), hydroxides of alkaline
and alkaline-earth metals (lithrum and sodium 1n particular), lithium salts like LiXOy,
with X chosen among zirconium, iron, nickel, titanium, silicon and y comprised
between 2 and 4. MOF (Metal Organic Framework) suitably modified by means of the
addition of basic functional groups, such as aminic groups. In some cases, such as when
the hydroxides of alkaline and alkaline earth metals are use for the CO, removal 1t 18
particularly useful to employ also a H,O removal getter material.

When the harmful substance 1s carbon monoxide 1n the gaseous phase, cobalt (11,
III) oxide Co0304, copper (II) oxide CuO, or potassium permanganate KMnQO4 may be
used, to be preferably used in combination with a CO, sorber. These materials may
possibly be used 1n combination with oxidation catalysts such as Pt, Pd, Rh.

When the harmful substance 1s hydrogen in the gascous phase, palladium oxide,
cobalt oxide, ternary alloys among zirconium, vanadium and 1ron sold by the applicant
under the name St 707, ternary alloys among zirconium, cobalt and rare earths, sold by
the applicant under the name St 787, or more generally non-evaporable getter alloys or
unsaturated organic compounds may be used.

When the harmful substances are saturated or unsaturated hydrocarbons, referring

in particular but not exclusively to methane, propylene, ethane and propane, activated
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carbons having a large specific surface area, carbon nanotubes, oxidizing compounds
like KMnQO4 or combinations thereof may be used.

When the harmful substance 1s oxygen, 1t is possible to use ternary alloys among
zirconium, vanadium and 1ron sold by the applicant under the name St 707, ternary
alloys among zirconium, cobalt and rare earths, sold by the applicant under the name St
787, or more generally non-evaporable getter alloys. Alternatively, metals may be used,
among which nickel, copper, iron or reduced or partially reduced metal oxides are
preferred, among which 1ron, nickel, tin or copper oxides or combinations thercof are
preferred.

When the harmful substance 1s HF, oxides in general may be used, with particular
reference to basic oxides, among which oxides of alkaline or alkaline-carth metals are
preferred. Among these oxides the use of magnesium oxide 1s even more preferred.

The means for sorbing harmful substances suitable for the aims of the present
invention may contain on¢ or more getter materials depending on the harmful substance
that must be removed from the battery. In particular, the expected composition of such
substances produced during the operation of the battery may vary on the basis of the
type of rechargeable battery and of its conditions of use, whereby 1t 1s possible to
choose a mix of getter powders on the basis of the battery type in an optimum manner.

The rechargeable lithium batteries of the present mmvention may be made by
arranging the permeable housing containing the getter material along one side of the
battery, 1n a region of the battery free from electrodes, ¢.g. as shown 1n figure 3. In this
case the structure of the rechargeable lithium battery 30 comprises a series of electrodes
(in order not to jeopardize the understanding of the drawing only the two outermost
clectrodes 32, 32° have been illustrated) in the form of parallel metallic plates spaced
apart by separators and immersed 1n an clectrolytic solution (these members are not
shown). On one side of this battery the permeable polymeric housing 33 1s arranged,
containing the getter material for the sorption of harmful gases. The electrical contacts
34 and 34’ communicate the electrodes with the outside of the airtight container 31 of
the battery.

Figure 3 shows a preferred embodiment of a rechargeable lithium battery 30.

Alternative and completely equivalent embodiments provide for the use of one or more
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permeable polymeric housings arranged along portions of the inner walls of the airtight
container of the battery.

Figure 4 shows a rechargeable lithium battery 40 similar to the one described with
reference to figure 3 (the members of figure 4 having the same numerals of those of
figure 3 arc equal to those previously described), wherein a portion 43 for containing
the means for the sorption of harmful substances 1s added to the structure of the battery,
the means 45 comprising a getter material. As a matter of fact, portion 43 containing the
permeable polymeric housing containing in turn the getter material for the sorption of
harmful substances forms a portion of the airtight container of the battery, which portion
1s free from the members of the battery (electrodes, contacts, separators) but
communicates with the inside of the battery along one side. If the permeable polymeric
housing does not occupy the whole available volume of portion 43, a portion of the
remaining volume 1s filled by the ¢lectrolyte.

Alternatively, the permeable housing containing the getter material may be
inserted 1n the central portion of the rechargeable lithium battery, ¢.g. as shown 1n figure
5. In this case battery 50 has a cylindrical shape and a longitudinal section thereof taken
along 1ts axis 1s shown. The battery comprises an airtight container 51 whose ¢lectrodes
52 arc¢ 1n the form of thin sheets wound to form a spiral and immersed 1n a liquid
clectrolyte. A sectional view of these sheets 1s shown by means of parallel vertical lines
close to cach other. The separator arranged between the electrodes 1s not shown.
Electrical contacts 54, 54° communicate the electrodes with the outside of the airtight
container (in figure 5 the electrical contacts have been drawn as members separated
from the electrodes for the sake of clarity only). The means 55 for the sorption of the
harmful substances, consisting of a permeable polymeric housing containing the getter
material 1s arranged 1n the central portion of this battery.

Another preferred embodiment for this type of rechargeable lithium battery 1s
shown 1n figure 6. In this case the battery, 60, still has a cylindrical shape and 1its
clectrodes are 1n the form of a wound spiral 62. In the lower part of an airtight container
61 a portion 63 1s provided, which serves for accommodating the means 65 for the
sorption of harmful substances, being also 1n this case in the form of a permeable

polymeric housing containing the getter material.
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This embodiment 1s particularly advantageous as there are no special gecometrical
[imits due to the proximity of the means for the sorption of harmful substances to the
clectrical contacts.

In the embodiments shown in figures 4 and 6 it 1s better to add a separating grid
(not shown) between the portions 43 and 63 accommodating the permeable polymeric
housing and the electrodes, 1n order to prevent these latter from damaging the polymeric
housing thus causing the loss of the getter material contained therein. Such a grid must

be clectrically inert, as contacting the different clectrodes 1t must not cause short-

circuits among them.
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1. A rechargeable lithium battery (30; 40; 50; 60) comprising an airtight
container (31; 51), electrodes (32, 32°; 52) immersed in an electrolytic solution, said

electrodes being spaced apart by means‘of one or more sepafators, electrical contacts

: (34, 34°; 54,: 54°) connected to the electrodes and a means (10; 20; 33; 45; 55; 65) for

sorbing harmful substances, wherein said means for sorbing harmful substances is
comprised of a polymenc housmg (11, 12; 21) being pemleable to said harmful
substances but 1mpermeab1e to the electrolyte and containing one or more getter
materials (14; 22, 22 ) for sorbmg said harmful substances charactenzed in that:

- sa1d polymenc housing has a cyhndncal shape when sald getter materials are in the

.. form of pills; or

- said permeable polymenc housing is comprlsed of two welded polymenc sheets

2. A rechargeable lithium battery accordmg to claim 1, wherem the

tmckness of sald polymenc sheets is comprised between 2-and 50 um.

3. A rechargeab le lithium battery accordmg to claim 2, wherein the

| thickness of said polymeric sheets is comprised between 5 and 15 pm.

4. . A frechargeable lithium battery according to claim 1, wherein said

polymenc sheets have the same thickness.
5. A rechargeable lithium battery according to claim 1, wherein said getter

‘materials are in the form of powders and these powders have a size compnsed between

10 and 60 pum.
6. A rechargeable lithium battery according to claim 1, wherein said

polymeric housing has a cylindrical shape and said getter materials are in the form of a
single pill of compressed powders, the polymeric housing being in direct contact with

 the surface of the pill.

7. A rechargeable lithium battery according to claim 1, wherein said

permeable polymeric housing is made of a material chosen among polyolefins and

fluorinated polymers.
3. A rechargeable lithium battery according to claim 7, wherein said

polyolefins are chosen among polypropylene (PP), low-density polyethylene (LDPE),

AMENDED SHEET
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polystyrene and thennoplastic olefins (TPE).
r 9. A re'chargeable lithium battery according to claam 7, wherein said
permeable polymeric housing is made of polytetraﬂucrethylene (PTFE).

10. A rechargeable lithium battery according to claim 1, whereln said
permeable polymenc housing 1 is made of ethyl-vmyl-acetate (EVA).

11. A rechargeable lithium battery according .to claim 1,. wherein sald '
harmful substances comprise H,O and said getter material comprises one or more of the
following compcundS' oxides of alkaline-earth metals, boron oxide and zeolites.

12. - A rechargeable 11th1um battery accordmg to claim 11 , Wheremn-said oxide
of an alkaline-earth metal is calcmm oxide. |

13. A rechargeable lithium battery according to claim 1, wherein said
harmful substances comprise COz and said getter material comprises one or more of the |

followmg compounds; carbon molecular sieves (CMS) hydrox1des of alkallne or

- - alkaline-earth metals or lithium salts identified by the formula L1X0y, with X chosen
15

among zirconium, iron, nickel, titanium, silicon and y comprised between 2 and 4, MOF.

'~ suitably modified by means of the addition of basic functional groups, such as aminic

groups. .
14, A rechargeable lithium battery accordmg o clann 1, wherein sa1d

harmful substances comprise CO and said getter material comprises one or more of the

following compounds: cobalt oxide, copper oxide, potassium permanganate.
15. A rechargeable lithium battery according to claim 14, wherein said getter

material is used together with oxidation catalysts chosen among platinum, palladium

and rhodium.
16. A rechargeable lithium battery accordingtc claim 14, wherein said getter

material is used together with a getter material for the removal of CO,.

17. A rechargeable lithium battery according to claim 1, wherein said
harmful substances comprise saturated or unsaturated hydrocarbons and said getter

material comprises one or more of the following compounds: carbon nanotubes and

oxidizing compounds.
18. A rechargeable lithium battery according to claim 17, wherein said

oxidizing compound comprises potassium permanganate (KMnO.).

AMENDED SHEET
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19. A rechargeable lithium battery‘ according to claim 1, wherein said
harmful substances compnse O; and said getter material comprises one or more of the

following compounds ternary alloys among mrcomum, vanadlum and iron, temary

alloys among zirconium, cobalt and rare- earths, and metals or reduced or partially

reduced metal oxides. | | |
| 20. A rechargeable lithium battery according to claim 19, whereln said

metals are nickel, copper,a iron, tin and combinations thereof.
21.. A rechargeable lithium battery according to claim 19, wherein said

‘reduced or parti aluly reduced metal oxides are nickel oxide, copper oxide, iron oxide and.

comblnatlons thereof' |
22, . A rechargeable lithium battery accordmg to clam 1, Whereln satd°

R harmful substances comprise HF and said getter matenal comprises oxides.

23. A rechargeable htluum battery accordmg to claxm 22, wherein said

: ox1des are basic oxides.

24. A rechargeable hthlum battery accordlng to clalm 23, whereln said basic

 oxides are oxides of alkaline or alkalme- earth metals.

- 20

25

30

25. A rechargeable hthmm battery according to claim 24, wherein said

alkahne—earth metal oxide 1 is magnesxum oxide.
26, A rechargeable hthium battery accordmg to claam 1, wherein said

harmful substances comprise hydrogen in the gaseous phase and said getter material

compnses non-evaporable getter alloys. |
27. A rechargeable lithium battery according to claim 1 wherein said

harmful substances’ comprise hydrogen in the gaseous phase and said getter material

comprises unsaturated organic compounds.
28. - A rechargeable lithium battery according to claim 1, wherein said

harmful substances comprise hydrogen in the gaseous phase and said getter material
comprises one or more among the following compounds: palladium oxide, cobalt oxide,
zirconium-vanadium-iron ternary alloys, zirconium-cobalt-rare earths ternary alloys.

29. A rechargeable lithium battery according to claim 1, comprising one or
more polymeric housings containing getter materials, wherein said polymeric housings

are arranged along one or more portions of the inner walls of the airtight container.

AMENDED SHEET
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30. A rechargeable lithium battery according to claim 1, wherein a portion of
the an'tlght container of the battery is dedlcated to accommodatlng said polymenc
housing comprising getter materials. -

31. A rechargeable lithium battery according to claim 30, wherein said
portion for accommodating the polymeric housing comprisiné a getter rﬁateriél 1S

séparated from the residual portion of the battery by an'eléctriéally isolated grid.
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