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ELECTROCHEMICAL CELL ASSEMBLY

Field of the Invention

[0001] The present invention relates to an
electrochemical cell assembly in which one or more
electrically driven oxygen separators are powered by an
electrically grounded power source and at least one
conduit connected to the electrically driven oxygen
separator(g) is also grounded to prevent a shock
hazard. More particularly, the present invention
relates to such an electrochemical cell assembly in
which the conduit or conduits are formed in whole or in
part of an electrically insulating and
electrochemically resisting ceramic matexrial comprising
distinct phases of magnesia and spinel to prevent

electrical conduction and electrochemical reduction.

Background of the Invention

{o002] Electrically driven oxygen separators
incorporate an electrolyte that is formed of a ceramic
that is capable of conducting oxygen ions at elevated
temperatures. An electrical potential is applied to
opposite sides of the electrolyte through cathode and
anode electrodes. The oxygen ionizes at the cathode
and oxygen ions are driven through the electrolyte.
The oxygen ions recombine with the ancde with the loss
of electrons.

[0003] For example, in U.S. 5,871,624, a series of
modules is formed by injection of molding in ionic
conducting ceramic electrolyte. The molded device has
a series of tubes that extend from a general planar

tube support member. The outer surfaces of the tubes
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and the interior of the tubes are coated with
electrically conductive materials to form electrode
surfaces separated by the electrolyte. Electrical
connections to the electrodes are made through vias or -
holes extending through the ceramic electrolyte.
[0004] The aforementioned modules may be connected
together and housed within a furnace in which the
electrically driven oxygen separators are heated to
their operational temperature by means of electrical
heaters. An oxygen containing gas, for example air can
be introduced into the furnace by way of a blower. A
conduit in the form of a product tube is connected to
oxygen separators to discharge the separated oxygen
from the electrically driven oxygen separators. The
product tube can be attached to the electrolyte by a
glass seal such as described in U.S. 6,532,769. In
order to provide thermal eéxpansion capability between
the product tube and the electrolyte, the product tube
is fabricated from the same material as the
electrolyte. For example, if the electrolyte were
fabricated from gadolinium dopes ceria, the product
tube can be fabricated from gadolinium doped ceria.
Since the power supply is grounded and such a product
tube, can, at least to a limited extent, be
electrically conductive, a shock hazard is presented
that is overcome by grounding the product tube.

[0005] It has been found, however, that where the
product tube is formed of the same material as the
electrolyte or other iocnic conductive material, over
time, the tube will decompose due to electrochemical
reduction reactions between the ceramic due to an

electrical potential that exists along the length of
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the product tube, between the electrically driven
oxXygen separators and ground due to the grounded power
source.

[0006] It is to be noted that in other type of
electrically driven OXygen separators, an inlet conduit
is provided to introduce an oxygen containing gas into
the electrically driven separator or separators and an
outlet conduit is provided to discharge oxygen depleted
retentate from the separator. Since such electrically
driven oxygen separators are also powered by a grounded
power source and the inlet ‘and outlet conducts are
grounded, the inlet and outlet conduits can again be
subject to an electrical potential and also degrade
over time.

[0007] As will be discussed, the Present invention
provides an electrochemical cell assembly that utilizes
a material in the fabrication of the conduit, used
either as the product tube or other conduit connected
to the electrically driven separator that is designed
to prevent such deterioration as discussed above by
virtue of its electrically insulating and

electrochemical reduction resistive properties.

Summary of the Invention

[0008] The present invention provides an
electrochemical cell assembly that comprises at least
one electrically driven oxXygen separator having an
electrical potential applied thereto and to ground. At
least one conduit is provided for use in at least one
of introducing an oxygen containing gas into the at
least one electrically driven oxXygen separator and for

discharging oxygen separated from the oxygen containing
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gas from the at least one electrically driven oxygen
separator. The at least one conduit is grounded and
connected to the at least one OoXyden separator so that
an electrical potential is created along the length of
the at least one conduit. The at least one conduit is
formed in whole or in part of a ceramic material that
is an electrical insulator and is also resistant to
electrochemical reduction. The electrically insulating
Ceramic material comprises distinct phases of magnesia
("MGO") and spinel ("™MgAl.0,") .

{00091 The electrically insulated ceramic material
can be bonded to the electrolyte by a glass seal.

Where the electrolyte is gadolinium doped ceria, the
electrically insulated ceramic material containg
between about 62 percent by weight and about 92 percent
by weight magnesia, between about 4 percent by weight
and about 34 percent by weight spinel and between about
0 percent by weight and about 19 percent by weight
yttrium aluminate, for example, YAlO; , Y3Als0;,, and
Y4A1l,05. More preferably, the electrically insulating
ceramic material can contain between about 75 percent
by weight and about 95 percent by weight magnesia,
between about 17 percent by weight and about 21 percent
by weight spinel and between 2 percent by weight and
about 6 percent by weight yttrium aluminate.

[0010] Where the electrolyte is yttrium doped
zirconia, the electrically insulating ceramic material
can contain between about 57 percent by weight and
about 87 percent by weight magnesia and between about
13 percent by weight and about 43 percent by weight
spinel. Preferabl&, in such case, the electrically

insulating ceramic material contains between about 70
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percent by weight and about 74 percent by weight
magnesia and between about 26 percent by weight and
about 30 percent by weight spinel.

[0011] Since the conduit or conduits are formed in
whole or in part of the ceramic insulator that is
resistant to electrochemical reduction, the conduit

will not deteriorate.

Brief Description of the Drawings

[0012] While the specification concludes with claims
distinctly pointing out the subject matter that
Applicants regard as their invention, it is believed
that the invention will be better understood when taken
in connection with the accompanying drawings in which-
[0013] Fig. 1 is a simplified schematic of an
electrochemical cell assembly in accordance with the
present invention; and

[0014] Fig. 2 is a simplified schematic of an
alternative embodiment of an electrochemical cell

assembly in accordance with the Present invention.

Detailed Description

[0015] With reference to the Figures, an
electrochemical cell assembly 1 is illustrated.
Electrochemical cell assembly 1 includes electrically
driven oxygen separators 10 that are located within a
furnace 14 having electrical heaters (not illustrated,
but well known in the art) to heat the electrically
driven oxygen separators 10 to their operational
temperature at which oxygen ions will be conducted and
oxygen will thus, be separated. It is to be noted that

other well known features of furnace 14 and associated
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equipment are not illustrated for purposes of
simplicity of explanation such as controls and thermal
insulation and etc. 1In this regard, an oxygen
containing stream, for example air, can be introduced
into furnace 14 by a blower for separation of oxygen by
the electrically driven oxygen separators 10. The
electrically driven oxygen separators 10 are of the
type illustrated in U.S. 5,871,624. A conduit 16, that
serves as a product pipe, is connected to electrically
driven oxygen separators 10 to discharge oxygen
separated from an oxygen containing stream that is
introduced into furnace 14. Each of the electrically
driven oxygen separators 10 are connected to one
another and to the conduit 16 by means of glass seals
20 of the type disclosed in U.S. 6,532;769. It is to
be noted that in such glass seals, mixtures of barium,
calcium alumino silicate are heated so that the mixture
melts and then crystallizes to form a glass ceramic
that will adhere to the surfaces to be joined. The
forgoing seal and bonding method, however, is given
herein for exemplary purposes and no particular bonding
method is preferred for purposes of the present
invention.

[0016] Although not illustrated, the outer surfaces
of electrically driven oxygen separators 10 are covered
with a layer of an electrically conductive material to
serve as a cathode electrode and the internal surfaces
of electrically driven oxygen separators 10 are coated
with a layer of én electrically conductive material to
serve as an anode electrode. Both the cathode
electrode and the anode electrode are in turn covered

by a current collector for making a connection between
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electrical conductors and the cathode and anode
electrodes. The cathode electrode and the anode
electrode sandwich an electrolyte that is capable of
conducting oxygen ions at elevated Cemperature and that
also serves to provide structural integrity.

[0017] An electrical power source 22 is connected to
the current collector associated with the anode
electrode by way of an electrical conductor 24. Since
the anode is located on the inside, electrical contact
is made by way of a via. The other connection made by
electrical power source 22 is to ground by way of a
grounded conductor 28 connected to the current
collector associated with the cathode electrode.

[0018] The electrolyte of each of the electrically
driven oxygen separators 10 can be, for example,
gadolinium doped ceria that, as mentioned above, is
sandwiched between the cathode and anode electrodes.
When the electrical potential is applied to the
electrically driven oxygen separators 10, the oxygen
ionizes at the cathode electrodes and the resultant
OxXygen ions recombine at the anode electrodes into
elemental oxygen within the interior of the
electrically driven oxygen separators 10. The oxygen
passes from the electrically driven oxygen separators
to the conduit 16 as a stream 30. Conduit 16 is also
grounded for safety purposes such as have been
described above by way of a conductor 31. This creates
a potential between the electrically driven oxygen
separators 10 and ground along the length of the
conduit 16. The potential can cause electrochemical
reduction of the metallic oxide used in forming the

conduit 16, which in the prior art would be the same
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material as the electrolyte for thermal expansion
compatibility.

[0019] As mentioned above, the electrolyte of the
electrically driven oxygen separator 10 can be formed
of gadolinium doped ceria. In accordance with the
present invention, the conduit 1g is formed of a
ceramic material that contains between about 62 percent
by weight and about 92 percent by weight magnesia,
between about 4 percent by weight and about 34 percent
by weight spinel and between about 0 percent by weight
and about 90 percent by weight yttrium aluminate. In
order to obtain the closest thermal expansion match,
the ceramic material is preferably between about 75
bercent and about 95 percent by weight magnesia,
between about 17 percent by weight and about 21 percent
by weight spinel and between about 2 percent by weight
and about 6 percent by weight yttrium aluminate. sSuch
materials are electrical insulators that Prevent the
conduction of electrons along the length of the conduit
16 and thereby to prevent electrochemical reduction of
the ceramic materials. Furthermore, since such
materials are highly resistant to electrochemical
reduction, they do not deteriorate over time as would
be the case if conduit 16 were formed of gadolinium
doped ceria.

[0020] It is to be noted that there is no particular
form of the electrochemical cell that is preferred and
the present invention has application to any such
device, for example, an electrochemical cell that is
used to separate oxygen for purposes of purifying an
oXygen containing stream. Such a purification device

is illustrated, again, on a simplified basis, in Figure
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2. In Figure 2, an electrochemical cell assembly 2 is
illustrated that has an electrically driven oxygen
separator 40 in the form of a tube that is located
within a furnace 42 having heaters, again, not
illustrated.

[0021] Electrically driven oxygen separator 40 has
an outer layer of electrically conductive material
forming the anode electrode and an inner layer of
material forming the cathode electrode. The cathode
electrode and the anode electrode sandwich an
electrolyte material that can be yytrium stabilized
zirconia. Current collector layers are in turn
provided on the cathode and anode electrodes to provide
electrical connection to the electrically driven oxygen
separator 40.

[0022] An electrical power source 44 is provided
that is grounded by way of an electrical conductor 4g.
The cathode electrode is grounded by way of an
electrical conductor 48. The anode electrode is
connected to the electrical power source 44 by way of a
conductor 50.

[0023] When a current is applied to the electrically
driven oxygen separator 40 by current source 44 and an
OoXygen containing stream 52 is passed through one end
of the electrically driven oxXygen separator 40, oxygen
separates from such oxygen containing stream 52 to
expel an oxygen depleted retentate stream 54 from the
other end of the electrically driven oxygen separator
40 which is thereby purified of the oxygen. Oxygen
tﬁat has been separated is simply discharged to the

atmosphere, but if necessary could also be collected.
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[0024] The oxygen containing stream 52 is passed
into an inlet conduit 56 and the retentate 54 is
discharged from an outlet conduit 58 connected to the
electrically driven oxygen separator 40. Both the
inlet conduit 56 and the outlet conduit 58 are grounded
setting up a potential difference to ground and
therefore, electrochemical reduction in the material
used in forming the same. Each of the inlet conduit 5s
and the outlet conduit 58 can be formed of two sections
60, 62; and 64, 66 that are connected to one another
and to opposite ends of the electrically driven oxygen
Separator 40 by glass seals 68, 70, 72 and 74. One
section, for example 62 and 64 of the inlet and outlet
conduits 56 and 58, respectively, can be formed of the
yytrium stabilized zirconia. The other two sections 60
and 66 can be formed of an electrically insulating
ceramic material that is also resistive to
electrochemical reduction. The material preferably
contains between about 50 bercent by weight and about
87 percent by weight magnesia and between about 13
percent by weight and about 43 percent by weight
spinel. More preferably, the ceramic material contains
between about 70 percent by weight and about 74 percent
by weight magnesia and between about 25 percent by
weight and about 30 percent by weight spinel. Again,
such material is not only an electrical insulator to
prevent electrochemical reduction of the inlet and
outlet 56 and 58, but also has been found to be
resistant to electrochemical reduction so as to Prevent
the inlet and outlet 56 and 58, respectively, from

degrading through electrochemical reduction reactions.



WO 2008/024404 PCT/US2007/018580

- 11 -

[0025] By way of example, conduit 16 can be formed
by combining magnesia, aluminum and yttrium oxide
powders in the correct stolchiometric amounts and then
ball milling the same for 24 hours to achieve
homogeneity. Alternatively, pbwders of spinel and
yttrium aluminate could be first synthesized and then
mixing the same with magnesia. Ball mill powders are
then screened through 100 mesh screen to remove
agglomerates. The powders are mixed with binders and
blended at high temperatures, palletized and injection
molded to shape and to form conduit 16 as a green form.
Thereafter, such green form is then heated to remove
the solvent and sintered at a temperature of between
about 1450°C and about 1515°C. The final composite
will contain 3 distinct pPhases of magnesia, spinel and
yttrium aluminate.

[0026] = While the present invention has been
described with reference to a preferred embodiment, as
will occur to those skilled in the art, numerous
changes, additions and omissions can be made without
departing from the spirit and the scope of the present

invention as recited in the Presently pending claims.
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We claim:
1. An electrochemical cell assembly comprising:

at least one electrically driven oxygen
separator having an electrical potential applied
thereto and to ground; and

at least one conduit for use in at least one
of introducing an oxygen containing gas into the at
least one electrically driven OoXygen separator or for
discharging oxygen separated from the oxygen containing
gas from the at least one electrically driven oxygen
separator, the at least one conduit being grounded and
connected to the at least one oxXygen separator so that
an electrical potential is created along the length of
the at least one conduit;

said at least one conduit formed in whole or
in part of a ceramic material that is an electrical
insulator and is also resistant to electrochemical
reduction, the ceramic material comprising distinct

phases of magnesia and spinel.

2. The electrochemical cell assembly of claim 1,
wherein the electrically insulating ceramic material is

bonded to the electrolyte by a glass seal.

3. The electrochemical cell assembly of claim 2,
wherein:
the electrolyte is gadolinium doped ceria;
and
the electrically insulating ceramic material
contains between about 62 percent by weight and about
92 percent by weight magnesia, between about 4 percent

by weight and about 34 percent by weight spinel and
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between about 0 percent by weight and about 19 percent

by weight yttrium aluminate.

4, The electrochemical cell assembly of claim 2,

wherein:

the electrolyte is gadolinium doped ceria;
and

the electrically insulating ceramic material
contains between about 75 percent by weight and about
95 percent by weight magnesia, between about 17 prercent
by weight and about 21 percent by weight spinel and
between about 2 percent by weight and about & percent

by weight yttrium aluminate.

5. The electrochemical cell assembly of claim 2,
wherein:
the electrolyte is yttrium doped zirconia;
and
the electrically insulating ceramic material
contains between about 57 percent by weight and about
87 percent by weight magnesia and between about 13

percent by weight and about 43 percent by weight

spinel.
6. The electrochemical cell assembly of claim 2,
wherein:
the electrolyte is yttrium doped zirconia;
and

the electrically insulating ceramic material
contains between about 70 percent by weight and about

74 percent by weight magnesia and between about 26
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percent by weight and about 30 percent by weight

sSpinel.
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