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(57) Abstract: An electrode plate, method for manufacturing an electrode plate, and method of testing an electrode plate enable efti-
cient production of robust flowing electrolyte batteries. The method of testing an electrode plate includes forming a frangible portion
in the electrode plate; providing a seal around a periphery of the electrode plate, wherein the periphery extends across the frangible
portion; applying a gas adjacent a surface on a first side of the electrode plate; and detecting whether there is a presence of the gas
adjacent a surface on a second side of the electrode plate, if the electrode plate passes testing, the frangible portion is removed from
the electrode plate to define a cut-away region. The electrode plate is then positioned in a battery cell stack including a plurality of
other electrode plates. A manifold is then attached to the cell stack adjacent the cut-away region of the electrode plate.
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Electrode Plate and Methods for Manufacturing and Testing an Electrode Plate

FIELD OF THE INVENTION

[0001] The present invention relales to electrode plates. In particular, although

not exclusively, the invention relates to an electrode plate for a flowing

electrolyte battery and methods for manufacturing and testing such a plate.

BACKGROUND TO THE INVENTION

{0002] Batteries used in stand alone power supply systems are commaonly lead-

acid hatteries. Howsever, lead-acid batieries have limitations in terms of
performance and environmental safety. For example, typical lead-acid batteries
often have very short lifetimes in hot climate conditions, especially when they are
occasionally fully discharged. Lead-acid batteries are also environmentally
hazardous, since lead is a major component of iead-acid batteries and can

cause serious environmental probliems during manufacturing and disposal.

{0003] Flowing electrolyte batteries, such as zinc-bromine batleries, zinc-
chiorine batteries, and vanadium flow batteries, offer a potential 1o overcome the
above mentioned limitations of lead-acid batteries. In particular, the useful
ifetime of flowing electrolyte batteries s not affected by deep discharge
applications, and the energy to weight ratio of flowing electrolyte batteries is up

o six times higher than that of lead-acid batteries.

[0004] A flowing elecirolyte battery, like a lead acid battery, comprises a stack
of cells that produce a total voltage higher than that of individual cells. But untike
a lead acid battery, cells in a flowing electrolyte battery are hydraulically
connected through an electrolyte circulation path.

[0005] The cell stack often comprises a stack of elecirode plates separated by

separator plates o define a plurality of half cells. The half cells each comprise an
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electrode plate, an adjacent separator plate and a capillary tube. The half cells
are generally rectangular in top plan view, but have a cut-away region at corners
of the electrode plate to accommodate a manifold for pumping electrolyte into
and out of the battery. However, due to an often complex shape formed by the
cut-away regions, testing of individual electrode plates before they are

assembiled into a battery can be difficult.

[0006] There is therefore a need to overcome or alleviate problems associated
with manufacturing and testing electrode plates of flowing electrolyte batteries of

the prior art.

{0007] The reference to any prior art in this specification is not, and should not
be taken as, an acknowledgement or any form of suggestion that the prior art

forms part of the common general knowledge either in Australia or elsewhere.

OBJECT OF THE INVENTION
[0D08] It is an object, of some embodiments of the prasent invention, to provide

consumers with improvements and advantages over the above described prior
art, andfor overcome and alleviate one or more of the above described
disadvantages of the prior art, and/or provide a useful commercial choice.

SUMMARY QF THE INVENTION
{00091 In one form, although not necessarily the only or broadest form, the

present invention resides in an electrode plate for a flowing electrolyte batlery,

the electrode plate including one or more frangible portions.

[0010] Preferably, the one or more frangible portions are located adjacent one
or more corners of the electrode plate.

{0011} Preferably, the electrode plate is planar and includes a top surface and a
bottom surface.
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[0012] Preferably, an edge of a periphery of the bottom surface is substantially
flat for sealing against a seal of a test rig.

[0013] Preferably, an interface between at least one of the frangible portions

and a remainder of the electrode plate includes a groove.

[0014] Preferably, the groove is formed in a top surface of the slectrode plate.

[0015] Preferably, the frangible portions are defined in a polymer frame of the

electrode plate.

{0018} Preferably, the polymer is High-Density Polyethylene (HDPE).

[0017] According o another aspect, the present invention includes a method of
manufacturing an electrode plate for a flowing electrolyte battery, the method
comprising: forming one or more frangible portions in the electrode plate;
removing the one or more frangible portions fram the electrode plate {o define
one or more cut-away regions; positioning the electrode plate in a battery cell
stack; and attaching one or more manifoclds to the battery cell stack adjacent the

one or more cul-away regions.

[0018] Preferably, the one or more frangible portions are located adjacent one

ar more corners of the electrode plate.

[G019] Preferably, the method further comprises forming a substantially flat
edge along a periphery of a bottom surface of the slectrode plate and across the

one or more frangible portions.

[0020] According to yet another aspect, the present invention includes a
method of testing an electrode plate for a flowing electrolyte battery, the method
comprising. forming one or more frangible portions in the electrode plate;
providing a seal around a periphery of the electrode plate, wherein the periphery
extends across the frangible portion;
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applying a gas adjacent a surface on a first side of the electrode plate; and
detecting whether there is a presence of the gas adjacent a surface on a second
side of the electrode plate.

{0021} Preferably, the gas is applied adjacent a top surface of the electrode
plate and further comprising evacuating adjacent a bottom surface of the
electrode plate.

[0022] Preferably, the gas is hydrogen.

{0023] Preferably, evacuating adjacent a bottom surface of the electrode plate

is performed using a vacuum pump.

[0024] Preferably, the method further includes removing the one or more
frangible portions from the electrode plate to define a cut-away region of the
electrode plate; positioning the electrode plate in a battery cell stack including a
plurality of other electrode plates; and attaching a manifold to the cell stack

adjacent the cut-away region of the electrode plate.

{0025] Preferably, the one or more frangible portions are defined in a High-
Density Polyethylene (HDPE) frame of the electrode plate.

[0026] Preferably, the one or more frangible portions are formed by defining a
groove or a series of indentations in the electrode plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] To assist in understanding the invention and to enable a person skilled in

the art to put the invention into practical effect, preferred embodiments of the
invention are described below by way of example only with reference to the

accompanying drawings, in which:
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[0028] FiG. 1 is a diagram illustrating a top view of an electrode plate for a

flowing electrolyte battery according to an embodiment of the present invention;

[0029] FIG. 2 is a diagram illustrating a partial bottom view of the slectrode
plate of FIG. 1;

[0030] FIG. 3A s a diagram illustrating a detailed top view of the electrode plate
of FIG. 1;

[0031] FIG. 3B is a diagram illustrating a cross sectional view AA-AA of the
electrode plate of FIG. 3A;

[0032] FIG. 3C is a diagram illustrating a detailed view of the cross section AA-
AA of FIG. 3B;

[0033] FIG. 4 is a diagram illustrating a test jig for testing the electrode plate of

FIG. 1 according to an embodiment of the present invention;

[0034] FIG. 5 is a diagram illustrating a detailed top perspective view of the
electrode plate of FiG. 1 with a frangible portion removed;

[0035] FIG. 6A is a diagram illustrating a partial perspective view of an
assambled cell stack of a flowing electrolyle battery without a manifold,
according to an embodiment of the present invention; and

[0036] FIG. 6B is a diggram illustrating a partial perspective view of an
assembled cell stack of a flowing electrolyte battery with a manifold installed,

according to an embodiment of the present invention.

[0037] FIG. 7 is a process flow diagram illustrating a method of manufacturing
an electrode plate of a flowing electrolyte battery, according to an embodiment of

the present invention.
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[0038] FIG. 8 is a process flow diagram illustrating a method of testing an
electrode plate of a flowing electrolyte battery, according to an embodiment of

the present invention.

DETAILED DESCRIPTION OF THE INVENTION

{0039} Elements of the invention are illustrated in concise outline form in the

drawings, showing only those specific details that are necessary to
understanding the embodiments of the present invention, but so as not {o clutter
the disclosure with excessive detail that will be obvious to those of ordinary skill
in the art in light of the present description.

[0040] In this patent specification, adjectives such as first and second, left and
right, front and back, top and bottom, stc., are used solely to define one element
or method step from another element or method step without necessarily
requinng a specific relative position or sequence that is described by the
adjectives. Words such as “comprises” or “includes” are not used to define an
exclusive set of slements or msthod steps. Rather, such words merely defing a
minimum set of elements or method steps included in a particular embodiment of

the present invention.

[0041] FIG. 1 is a diagram illustrating a top view of an electrode plate 100 for a
flowing electrolyte battery, and FIG. 2 is a diagram illustrating a partial bottom
view of the electrode plate 100 of FIG. 1, according to an embodiment of the

present invention.

[0042] Referring to FiGs. 1 and 2 the electrode plate 100 is planar and includes
a frame 108 for housing an electrode 109, The electrode plate 100 includes a top
surface 102 and a bottom surface 104. An edge 106 of a periphery of the bottom
surface 104, and in particular the frame 108, is substantially flat to facilitate a
good seal between the electrode plate 100 and a test jig for testing the electrode

plate 100 for defects. Although the electrode plate 100 is depicted as being
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rectangular, it should be appreciated that other embodiments of electrode plates

of the present invention may be any suitable shape.

[0043] in one embodiment, the frame 108 is made of a plastic material such as
High-Density Polyethylene (HDPE) However it should be appreciated that the
frame 108 may be made of any material that is compatible with the flowing
electrolyte and the electrode.

[0044] The electrode plate 100, and in particular the frame 108, also includes
frangible portions 110A, 110B, 110C, 110D formed adjacent sach comer of the
electrode plate 100. Although four frangible portions 110A, 1108, 110C, 110D
are shown, it should be appreciated that other embodiments of elecirode plates
of the present invention may include one or more frangible portions. In addition,
according to soms embodiments, the frangible portions may be formed
anywhers in the electrode plate, either along an edge of the electrode plate or at

an internal section of the electrode plate.

[0045] The frangible portions 110A, 110B, 110C, 110D are designed to be
broken off, once the electrode plate 100 has been tested, to accommodate a
manifold of a flowing electrolyte battery. An advantage of this arrangement is
that it makes pre-assembly testing of the electrode plate 100 easier and more
robust, as the electrode plate 100 including the frangible portions 110A, 1108,
110C, 110D defines a more regular shape including a smooth surface around its
periphery to enable sealing against a test jig.

[0046] FIG. 3A is a diagram ilustrating a detailed top view of one corner of the
electrode plate 100 of FIG. 1, showing a single frangible portion 110C in more
detail. FIG. 3B is a diagram illustrating a cross sectional view AA-AA of the
corner of the electrode plate 100 of FIG. 3A. FIG. 3C is a diagram #lustrating a
detailed view of the cross section AA-AA of FIG. 3B. The other frangible portions
110A, 1108, 110D are similar to the frangible portion 110C.
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[0047] Referring to FiGs. 3A, 3B and 3C, an interface between the frangible
portion 110C and a remainder of the slectrode plate 100, includes a groove 112.
in one embodiment the groove 112 is a wedge shape defining an angle of
approximately 30 degrees to an axis normal to the plane of the electrode plate
100. As shown, the groove 112 terminates 0.5mm from an edge of the electrode
plate 100, However it should be appreciated that the groove 112 may be any
suitable shape so that the frangible portion 110C may be easily snapped off after
testing of the slectrode plate 100. In addition, although the groove 112 is shown
as being continuous, it should be appreciated that the groove 112 alternatively
may be replaced with, for example, a series of small indentations. Various
technigues for manufacturing frangible portions in materials such as polymers

are well known m the art and can be applied o the present invention.

[0048] An interface between the frangible portions 110A, 1108, 110C, 110D
and a remainder of the electrode plate 100 is made generally smooth in order to
connect to the manifold of the battery. In addition, the groove 112 does not
extend into the bottom surface 104. Rather, the groove 112 stops approximately
0.3mm from the bottom surface 104. That enables the bottom surface 104 to
maintain a seal with a test jig during testing of the electrode plate 100 and before
the frangible portions 110A, 110B, 110C, 110D are broken off.

[0049] The electrode plate 100 is tested by placing it in a test jig. FIG. 4 is g
diagram illustrating a test jig 300 for testing the electrode plate 100, according to
an embodiment of the present invention. The test jig 300 includes a pressure
plate 310, a seal such as an o-ring 320, a vacuum plate 330, a press plate 340,
a vacuum pump 350 and a gas detector 360. The electrode plate 100 under test
is positioned in the test jig 300 between the pressure plate 310 and the vacuum
plate 330. The pressure plate 310 applies pressure to the top surface 102 of the
electrode plate 100 such that the edge 106 of the bottom surface 104 seals
against the o-ring 320, which extends around the periphery of the electrode plate
100.
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[0050] During a test, a gas, such as hydrogen, is pumped into a top cavity 302
formed between the pressure plate 310 and the electrode plate 100, the top
cavity 302 being adjacent the top surface 102 of the electrode plate 100. A
bottom cavity 304, adjacent the bottom surface 104 of the slectrode plate 100, is
then evacuated by the vacuum pump 350 which is also connected to the bottom
cavity 304, If the slectrode plate 100 is defective, for example if the electrode
plate 100 has a crack or a hole, the gas flows from the top cavity 302 to the
bottom cavity 304 and is detected by the gas detector 360. Upon detection of the
gas, the gas detector 360 may sound an alarm in order to signal to an operator
that the electrode plate 100 is defective and should be discarded. Alternatively,
the defective elactrode plate 100 may be discarded automatically by the test jig
300. Alternatively, dunng a test, the bottom cawty 304, adjacent the botiom
surface 104 of the electrode plate 100, is evacuated by the vacuum pump 350
which is also connected to the bottom cavity 304 and when the resulting vacuum
reaches a set value, the pumping stops. If the elecirode plate 100 is defective,
for example if the electrode plate 100 has a crack or a hole, the set value of the
vacuum drops and the electrode plate is identified as a faulty one. Upon
detection of the pressure drop, a pressure switch can trigger an alarm in order to
signal to an operator that the electrode plate 100 is defective and should be
discarded. Or the defective electrode plate 100 may be discarded automatically
by the test jig 300. As yet another alternative, as will be understood by those
having ordinary skill in the art, a positive pressure can be used instead of a
vacuum, where the positive pressure is applied in the top cavity 302 formed
between the pressure plate 310 and the electrode plate 100.

[0051] After the electrode plate 100 has been tested, each of the frangible
portions 110A, 110B, 110C, 110D is removed by placing pressure on the fop
surface 104 of the electrode plate 100. FIG. 5 is a diagram illustrating a detailed
top perspective view of the electrode plate 100 of FIG. 1 with the frangible
portion 110C removed. As shown in FIG 5, when the frangible portion 110C is
removed, the electrode plate 100 defines a cut-away space 114 complementing

a shape of the frangible portion 110C.
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{00521 In use, once the frangible portion 110 has been removed from the
electrode plate 100, a plurality of electrodes 100 are assembled together to form
a flowing electrolyte battery. FIG. 6A is a diagram illustrating a partial
perspective view of an assembled cell stack of a flowing electrolyte battery 400,
without a manifold, according to an embodiment of the present invention. FIG.
6B is g diagram Hllustrating a partial perspective view of the assembled cell stack
of the flowing electrolyte baftery 400 with a manifold 410, according o an
embodiment of the present invention. As shown in FlGs. 8A and 6B, the cut-
away space 114 of each electrode plate 100 complements and receives the
shape of the manifold 410 of the battery 400, During use, slectrolyte then flows
fo {or from} the manifold 410 and from (or to, respectively) the batlery haif cell

cavities defined between adjacent electrode plates 100.

[0053] FIG. 7 is a flow diagram illustrating a method 700 for manufacturing an
electrode plate according to an embodiment of the present invention. At step
710, one or more frangible portions are formed in the electrode plate.

{0054] At step 720, the one or more frangible portions are removed from the

electrode plate to define one or more cut-away regions.
[0055] Atstep 730, the elecirode plate is positioned in a battery cell stack.

[0056] At step 740, one or more manifolds are attached {o the battery cell stack
adjacent the one or more cut-away regions.

[0057] FIG. 8is a flow diagram illustrating a method 800 for testing an electrode
plate of a flowing electrolyte battery according to an embodiment of the present
invention. At step 810, a seal is provided around a periphery of the electrode
plate, wherein the periphery includes a frangible portion against which the seal is
provided.

[0058] Al step 820, a gas is applied adjacent a surface on a first side of the
electrode plate.
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[0059] At step 830, detecting whether there is a presence of the gas adjacent a
surface on a second side of the electrode plate is performed. If a presence of
the gas is detected, then for example it is assumed that the electrode plate is
defective and the electrode plate is discarded.

(00601 Assuming that a presence of the gas is not detected on the second side,
or that only an acceptably low concentration of the gas is detected, then at step
840 the frangible portion is removed from the electrode plate, thus defining a cut-

away region of the electrode plate.

[0061] At step 850, the electrode plate is positioned in a battery cell stack.

{0062] Finally, at step 860, a manifold is atlached {o the cell siack adjacent the

cut-away region of the electrode plate.

[0063] In summary, advantages of some embodiments of the present invention
comprise an electrode plate including a smooth, substantially flat, periphery
surface integrated with a frangible portion {o faciitale efficient and robust
manufacture and testing of the electrode plate. After successful testing, the
frangible portion is removed so that a plurality of electrode plates can interface
with a manifold of a batlery.

[0064] The above description of various embodiments of the present invention
is provided for purposes of description to one of ordinary skill in the related art. it
is not intended to be exhaustive or to limit the invention to a single disclosed
embodiment. As mentioned above, numerous alternatives and variations to the
present invention will be apparent to those skilled in the art of the above
teaching.  Accordingly, while some alternative embodiments have been
discussed specifically, other embodiments will be apparent or relatively easily
developed by those of ordinary skil in the art.  Accordingly, this patent
specification is intended to embrace all alternatives, modifications and variations

of the present invention that have been discussed herein, and other
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embodiments that fall within the spirit and scope of the above described

invantion.
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Claims

1. An electrode plate for a flowing electrolyte battery, wherein the electrode
plate includes one or more frangible portions connected to the electrode plate,
wherein an interface between the one or more frangible portions and a
remainder of the electrode plate includes a groove or a series of small
indentations, and wherein the remainder of the electrode plate defines a cut-

away space that complements a shape of a manifold of the battery.

2. The electrode plate of claim 1, wherein the one or more frangible portions

are located adjacent one or more corners of the electrode plate.

3. The electrode plate of claim 1, wherein the electrode plate is planar and

includes a top surface and a bottom surface.

4. The electrode plate of claim 3, wherein an edge of a periphery of the

bottom surface is substantially flat for sealing against a seal of a test jig.

5. The electrode plate of claim 1, wherein the groove is formed in a top

surface of the electrode plate.

6. The electrode plate of claim 1, wherein the one or more frangible portions

are defined in a polymer frame of the electrode plate.

7. The electrode plate of claim 6, wherein the polymer is High-Density
Polyethylene (HDPE).
8. A method of manufacturing and testing an electrode plate and assembling

a battery cell stack for a flowing electrolyte battery, the method comprising:
forming one or more frangible portions in the electrode plate, wherein an
interface between the one or more frangible portions and a remainder of the

electrode plate includes a groove or a series of small indentations;
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providing a seal around a periphery of the electrode plate, wherein the
periphery extends across the one or more frangible portions;

applying a gas adjacent a surface on a first side of the electrode plate;

detecting whether there is a presence of the gas adjacent a surface on a
second side of the electrode plate;

removing the one or more frangible portions from the electrode plate (100)
to define one or more cut-away regions;

positioning the electrode plate in the battery cell stack; and

attaching one or more manifolds to the battery cell stack adjacent the one

or more cut-away regions.

9. The method of claim 8, wherein the gas is applied adjacent a top surface
of the electrode plate and further comprising evacuating adjacent a bottom
surface of the electrode plate.

10.  The method of claim 8, wherein the gas is hydrogen.

11.  The method of claim 9, wherein evacuating adjacent a bottom surface of

the electrode plate is performed using a vacuum pump.

12. The method of claim 8, wherein the one or more frangible portions are

defined in a High-Density Polyethylene (HDPE) frame of the electrode plate.
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