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(57) ABSTRACT

A component for oxygen enrichment comprises at least one
oxygen separation membrane formed flat with two edges
running parallel to each other, the at least one oxygen sepa-
ration membrane including channel side walls formed in a
first side of the at least one oxygen separation membrane,
running perpendicular to a surface of the at least one oxygen
separation membrane and parallel to the edges of the at least
one oxygen separation membrane to form at least one flow
channel. A battery stack with two components for oxygen
enrichment, and a battery connected to a battery stack is also
disclosed.
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COMPONENT FOR OXYGEN ENRICHMENT,
COMPONENT STACK, DEVICE FOR
OBTAINING A FLUID ENRICHED WITH
OXYGEN, METAL-OXYGEN BATTERY AND
MOTOR VEHICLE

[0001] The present invention concerns a component for
oxygen enrichment, a component stack, a device for obtain-
ing a fluid enriched with oxygen, a metal-oxygen battery and
a motor vehicle. The metal-oxygen battery preferably com-
prises a lithium-oxygen battery cell.

[0002] 1. Prior Art

[0003] Thanks to improved storage capacity, more frequent
recharging capability and higher energy densities, metal-oxy-
gen based batteries such as batteries based on lithium-oxygen
cells are finding more and more applications. Batteries based
on metal-oxygen cells are distinguished by high energy den-
sities and an extremely low self-discharge, among other
things.

[0004] Batteries with lower energy storage capacity are
used, for example, for small portable electronic devices such
as mobile telephones, laptops, camcorders and the like, while
batteries with high capacity find use as an energy source to
power the engines of motor vehicles, especially hybrid or
electric vehicles etc., or as stationary energy storages, such as
for systems extracting regenerative forms of energy.

[0005] If metal electrode and air electrode of a metal-oxy-
gen cell are connected in electrically conducting manner to a
consumer, the negatively charged metal ions flow from the
metal electrode to the air electrode. At the same time, the
metal ions flow through the electrically conductive electro-
lyte. This brings about a reaction with oxygen. When charg-
ing the metal-oxygen cell, this process occurs in the opposite
direction, releasing once more the previously bound oxygen.
Metal-oxygen cells enable relatively high energy densities,
since the oxygen need not be contained in the battery itself,
but instead can be supplied from the surroundings.

[0006] Inaclosedsystem, therefore, the quantity of oxygen
in the system decreases during the discharging and increases
again during the charging.

[0007] In an open system, ambient air can serve as the
oxygen source, while in the case of lithium-oxygen cells in
particular one must make sure that only oxygen, but not the
humidity or other impurities are supplied to the cell. Accord-
ing to the prior art, as documented for example in WO 2011/
052440 A1, lithium-oxygen cells therefore comprise a mem-
brane, which is especially impervious to water and/or water
vapor and preferably permeable to oxygen.

[0008] A lithium-oxygen cell is known from US 2009/
0239132 A1, having an air inlet and an air outlet. The air inlet
line here comprises an H,O and CO, separator.

[0009] US 2012/0041628 A1 deals with a metal-air battery,
wherein an oxygen concentration is maintained constant dur-
ing the charging of the battery. The oxygen supply comes
from a tank, the oxygen being led in a circuit or given off to
the ambient air.

[0010] 2. Disclosure of the Invention

[0011] According to the invention, acomponent is provided
with the features of claim 1 for an oxygen enrichment. Fur-
thermore, according to the invention, a component stack is
provided with the features of claim 4, a device for supplying
of an oxygen-enriched fluid with the features of claim 7, a
metal-oxygen battery with the features of claim 9 and a motor
vehicle with the features of claim 10.
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[0012] The component proposed according to the invention
comprises at least one oxygen separation membrane, which is
formed flat with two edges running parallel to each other. The
component is characterized in that channel side walls are
formed in one side of the membrane, running perpendicular to
the surface and parallel to the edges of the membrane in order
to form at least one flow channel.

[0013] Thecomponent has the advantage of easily enabling
oxygen enrichment or depletion of a fluid flowing through the
flow channel.

[0014] In one embodiment, one side is a permeate side of
the membrane.
[0015] Then fluid flowing through the flow channel can

easily be depleted with the component.

[0016] In another embodiment, one side is a retentate side
of the membrane.

[0017] Then fluid flowing through the flow channel can
easily be enriched with the component.

[0018] The component stack proposed according to the
invention comprises at least one component pair, which com-
prises a component of the one embodiment and a component
of the other embodiment, while the membranes of the com-
ponents have essentially the identical dimension and essen-
tially the identical shape. The channel side walls of one of the
components of the component pair are so connected to one
side of the other component lying opposite the side that the
channel side walls and the one side of the one component and
the opposite side of the other component form a closed flow
channel.

[0019] The component stack has the advantage of easily
enabling oxygen enrichment or depletion of a fluid flowing
through the closed flow channel.

[0020] In one embodiment of the component stack, the
membranes of the components have essentially a quartic dis-
crete rotationally symmetrical shape and the components of
the pair are arranged such that the parallel running edges of
one of the components are perpendicular to the parallel run-
ning edges of the other component.

[0021] This enables the easy supply and removal of oxygen
and the fluid being enriched or depleted.

[0022] Inanother embodiment of the component stack, the
components of the pair are arranged such that the parallel
running edges of one of the components are parallel to the
parallel running edges of the other component.

[0023] Then gas exchange can be advantageously realized
in counterflow.
[0024] The device proposed according to the invention for

producing an oxygen-enriched fluid comprises a fresh air
supply, a spent air drain, an oxygen drain for supplying the
oxygen-enriched fluid and a component stack according to
the invention. The fresh air supply and the spent air drain here
are fluidically connected to opposite ends of the flow channels
of'the component of the other embodiment. The oxygen drain
is fluidically connected to the ends of the flow channels on
one side of the component of the one embodiment.

[0025] Inthis way a pure or purified oxygen enrichment can
easily be realized. In particular, oxygen-enriched fluid can be
supplied to a metal-oxygen based battery by means of the
device.

[0026] In one embodiment, the device can furthermore
comprise a battery air supply, which is connected to opposite
ends of the flow channels of the component of the one
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embodiment and is suitable to supplying oxygen-depleted
fluid from the battery to the flow channels of the component
of the one embodiment.

[0027] The oxygen supply for a metal-oxygen based bat-
tery is then even easier to arrange.

[0028] Advantageous modifications of the invention are
indicated in the subclaims and described in the description.

DRAWINGS

[0029] Sample embodiments of the invention are explained
more closely with the aid of the drawings and the following
description. There are shown:

[0030] FIG.1,afirst sample embodiment of the component
according to the invention,

[0031] FIG. 2, a second sample embodiment of the compo-
nent according to the invention,

[0032] FIG. 3, a sample embodiment of the component
stack according to the invention,

[0033] FIG. 4, a sample embodiment of the device accord-
ing to the invention for supplying an oxygen-enriched fluid,
[0034] FIG. 5, another sample embodiment of the device
according to the invention for supplying an oxygen-enriched
fluid,

[0035] FIG. 6, a third sample embodiment of the compo-
nent according to the invention,

[0036] FIG. 7, another sample embodiment of the compo-
nent stack according to the invention.

EMBODIMENTS OF THE INVENTION

[0037] FIG.1 shows a first sample embodiment of the com-
ponent 100 according to the invention in sectional view. The
component 100 comprises a membrane 110 permeable to
oxygen, but impervious to water in all states of aggregation,
such as one made of perovskite. A permeate side 115 of the
membrane 110, where oxygen builds up, is flat in configura-
tion, while a retentate side 116 of the membrane 110, where
oxygen is depleted, is provided with webs 120, which are
perpendicular to the membrane 110. The webs 120 run par-
allel to the edges of the membrane. Neighboring webs 120
each time form an open flow channel. Therefore, the webs 120
are also called channel side walls. The webs 120 can consist
of the same material as the membrane or comprise plastic
and/or metal, for example.

[0038] The second sample embodiment of the component
according to the invention which is shown in FIG. 2 differs
merely in that the webs 120 in the second example are formed
on the permeate side 115, while the retentate side 116 is flatin
configuration.

[0039] In the examples of FIGS. 1 and 2, the components
each time have five webs 120. The number of webs 120 can
vary however, as long as at least one flow channel is realized
by the webs 120. In one sample embodiment, the component
has the shape of a trough or the shape of the letter n in cross
section.

[0040] FIG. 3 shows a sample embodiment of the compo-
nent stack 300 according to the invention. The component
stack 300 has alternatingly components 100 according to the
first sample embodiment and components 200 according to
the second sample embodiment, wherein the permeate side
115 of the component 100 and the retentate side 116 of the
component 200 are fourfold discretely rotationally symmetri-
cal and the components 100, 200 are glued, soldered, welded,
or press-fitted to each other, so that closed flow channels are
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produced. In the component stack 300 the components 100
according to the first sample embodiment are rotated with
respect to the components 200 of the second sample embodi-
ment by 90 degrees in regard to the stack direction, with 360
degrees corresponding to the full circle. But the components
100, 200 also need not be rotated relative to each other, i.e.,
they can have the same orientation. In that case, no fourfold
discrete rotational symmetry is needed. Only the webs 120
should run parallel with the edges of the membrane. For
example, the edges can describe a curve, such as a 90 degree
or a 180 degree curve, or an undulating line.

[0041] Thus, a plurality of closed flow channels 310, 320 is
formed in the stack 300. Fluid such as a gas or a mixture of
gases flowing through the flow channels 310 is then depleted
in favor of fluid flowing through the flow channels 320. The
flow channels 310 here can be connected by a pair of opposite
sides of the component stack 300 and flow channels 320 can
be connected by the other pair of opposite sides of the com-
ponent stack 300. This is shown in FIG. 4 for the sample
device 500.

[0042] Then the flow channels 310 can receive a flow of
fresh air, as shown for example in FIG. 4, which is supplied to
the flow channels 310 by a fresh air supply 410 connected in
gas-tight manner to ends of the flow channels 310 and after
becoming depleted it is taken away through a spent air drain
420 connected in gas-tight manner to the other ends of the
flow channels 310. Perpendicular to the flow direction of the
fresh air there flows fluid being enriched through another
supply 430, which is connected in gas-tight manner to ends of
the flow channels 320, and after becoming enriched with
oxygen it is taken away through another drain 440, which is
connected in gas-tight manner to the other ends of the flow
channels 320. The oxygen-enriched fluid taken away can be
supplied, for example, to a metal-oxygen battery of a motor
vehicle, where the oxygen reacts in the course of the galvanic
reaction and thereby becomes depleted once more. The
resulting depleted fluid is taken back to the component stack
300 again through the additional supply 430.

[0043] Thus, a primary gas circuit can ensure that no impu-
rities and/or water in any state of aggregation can penetrate
into the metal-oxygen battery, while a secondary fresh air
supply ensures that the battery constantly has fluid with
adequate oxygen in a reactive state available, since the fluid
moving in the primary circuit in the component stack is con-
stantly enriched again.

[0044] Flow channels 310 here can receive sequential and/
or parallel flow; in addition or alternatively, the flow channels
320 can receive sequential and/or parallel flow, while fluid
emerging from the component stack 300 can be diverted back
into the stack. It is also possible for the deflected fluid being
depleted to flow out from a number of channels which is
larger than the number of channels into which it is deflected
back in. This increases the pressure in the retentate channels,
so that the permeation is improved. Similarly, deflected fluid
being enriched can flow out from a number of channels which
is less than the number of channels into which it is deflected
back in. This lowers the pressure in the permeate channels, so
that the permeation is likewise improved.

[0045] Pressure rise and fall can also be accomplished in
that the webs have increasing or decreasing width along the
length of the component, so that the channel cross sections get
smaller or larger along the length of the component.

[0046] Instead of taking the resulting depleted fluid back
through the additional supply 430 into the component stack



US 2016/0006091 Al

300, the depleted fluid can also be taken to the surroundings.
Then the device 500, as shown for example in FIG. 5, has no
supply to the flow channels 320, but only an additional drain
440 to take away the oxygen permeating through the mem-
brane 110.
[0047] In the sample embodiment shown in FIG. 6, the
membrane has a square wave shape in cross section. Then the
rectangular troughs of the wave form on one side of the
membrane form open permeate channels and on the other side
open retentate channels.
[0048] A component pair of the component stack can also
be formed by pairs of such square wave shaped membranes.
This is shown as an example in FIG. 7. The retentate channel
sides of the membranes of each pair face each other. This
produces, looking in cross section, a checkerboard of closed
permeate 320 and retentate channels 310. In one advanta-
geous sample embodiment the permeate channels receive
flow in a direction which is opposite the flow direction of the
retentate channels.
1. A component for oxygen enrichment, comprising:
at least one oxygen separation membrane formed flat with
two edges running parallel to each other, the at least one
oxygen separation membrane including channel side
walls formed in a first side of the at least one oxygen
separation membrane, running perpendicular to a sur-
face of the at least one oxygen separation membrane and
parallel to the edges of the at least one oxygen separation
membrane to form at least one flow channel.
2. The component as claimed in claim 1, wherein the first
side is a permeate side of the membrane.
3. The component as claimed in claim 1, wherein the first
side is a retentate side of the membrane.
4. A component stack, comprising:
at least one component pair including a first component
and a second component, the first component and the
second component each having at least one oxygen
separation membrane formed flat with two edges run-
ning parallel to each other, the at least one oxygen sepa-
ration membrane including channel side walls formed in
a first side of the at least one oxygen separation mem-
brane, running perpendicular to a surface of the at least
one oxygen separation membrane and parallel to the
edges of the at least one oxygen separation membrane to
form at least one flow channel, the first side of the first
component being a permate side of the at least one
oxygen separation membrane of'the first component, the
first side of the second component being a retentate side
of the at least one oxygen separation membrane of the
second component, the membrane of the first compo-
nent and the second component each having essentially
identical dimension and essentially identical shapes and
the channel side walls of one of the first component and
the second component are connected to an opposite side
of the other of the first component and the second com-
ponent such that the connected channel side walls and
opposite sides of the components form at least one
closed flow channel.
5. The component stack as claimed in claim 4, wherein the
membrane of the first component and the membrane of the
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second component have essentially a quartic discrete rota-
tionally symmetrical shape and the first component the sec-
ond component are arranged such that parallel running edges
of the first component are perpendicular to parallel running
edges of the second component.

6. The component stack as claimed in claim 4, wherein the
parallel running edges of the first component are parallel to
the parallel running edges of the second component.

7. A device for producing an oxygen-enriched fluid, com-

prising:

a component stack having at least one component pair
including a first component and a second component, the
first component and the second component each having
at least one oxygen separation membrane formed flat
with two edges running parallel to each other, the at least
one oxygen separation membrane including channel
side walls formed in a first side of the at least one oxygen
separation membrane, running perpendicular to a sur-
face of the at least one oxygen separation membrane and
parallel to the edges of the at least one oxygen separation
membrane to form at least one flow channel, the first side
of'the first component being a permate side of the at least
one oxygen separation membrane of the first compo-
nent, the first side of the second component being a
retentate side of the at least one oxygen separation mem-
brane of the second component, the membrane of the
first component and the second component each having
essentially identical dimension and essentially identical
shapes and the channel side walls of one of the first
component and the second component are connected to
an opposite side of the other of the first component and
the second component such that the connected channel
side walls and opposite sides of the components form at
least one closed flow channel,;

a fresh air supply;
a spent air drain;

an oxygen drain configured to supply the oxygen-enriched
fluid,

wherein the fresh air supply and the spent air drain are
fluidically connected to opposite ends of the flow chan-
nels of the second component, and the oxygen drain is
fluidically connected to ends on one side of the flow
channels of the first component.

8. The device as claimed in claim 7, further comprising a
battery air supply connected to opposite ends of the flow
channels of the first component and is configured to supply
oxygen-depleted fluid from a battery to the flow channels of
the first component.

9. The device as claimed in claim 7, further comprising a
metal-oxygen battery, wherein fluid enriched by the device is
supplied to the metal-oxygen battery.

10. The device as claimed in claim 9, further comprising a
motor vehicle with the metal-oxygen battery.
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