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(57) Abstract: A continuous manutacturing method for producing a non-reinforced electrochemical cell component, e.g. gas separator
diaphragms and gas diffusion electrodes, to be used in an electrochemical conversion process is presented. In the method, a web-form is
formed, from a web-material suspension, directly on a surface of a conveyor belt. The web-material suspension includes interconnecting
entities, e.g. fibers, suspended in a solution having an organic polymer binding material as a solute and a solvent for the solute, and
a poreforming material. The web-form on the conveyor belt is advanced through a first non-solvent bath that includes a first non-
solvent. The first non-solvent interacts with the webform and introduces a phase inversion in the web-form to form a web. The web is
detached from the surface of the conveyor belt. The detached web is advanced through a pore-forming bath to form the non-reinforced
electrochemical cell component, which is finally collected.
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Description

A continuocous manufacturing technique for producing a non-

reinforced electrochemical cell component

The present invention relates to manufacturing of non-
reinforced electrochemical cell components for electrochemi-
cal conversion processes, and particularly to techniques of
continuous manufacturing of the of non-reinforced electro-

chemical cell components.

In modern times, electrochemical conversion processes such as
electrolysis are used for various purposes, for example in
Hydrogen and/or Oxygen generation which are achieved by hy-
drogen evolution reaction (HER) and Oxygen evolution reaction
(OER) in an electrolyser by electrolysis of electrolyte i.e.
generally water. Usually, alkaline or acidic water is used as
the electrolyte. Other example is electrochemical reduction
of carbon dioxide. The electrochemical conversion devices in
which such electrochemical conversion processes are per-
formed, for example electrolyser, include electrodes, re-
ferred to as gas diffusion electrodes, that conduct electri-
cal energy to the electrolyte and thus decomposes the elec-
trolyte and/or other added reactants to generate desired
products such as oxygen gas, hydrogen gas, etc. Another im-
portant component used in such electrochemical conversion
processes 18 a gas-tight membrane or a diaphragm, referred to
as the gas separator diaphragm or simply as gas separator,
that divides the electrochemical conversion devices into
chambers or compartments and allows flow of ions from one
such chamber to another, but does not allow flow of gases
such as Oxygen or Hydrogen from one chamber to another and
thereby keeping the products of the electrochemical conver-
sions separate and thus recoverable. These electrochemical
cell components i.e. the gas separator diaphragms and/or the
gas diffusion electrodes are presently manufactured by using

batch manufacturing.
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Conventionally, electrochemical cell components such as gas
separators are fabricated using different types of batch man-
ufacturing processes. In a commonly used technigue a solution
is made from an organic binding agent in a solvent. Further-
more, optionally an amount of metal oxide and/or metal hy-
droxide is added to the suspension in case of the gas diffu-
sion electrodes, hereinafter also referred to as the GDE. The
suspension is then set in form of a sheet and finally the
solvent is removed by means of extraction through immersion
in a non-solvent. Such gas separators have low mechanical
strength and are prone to failures when subjected to pressur-
ized chambers which are common in the electrolysers in which
such gas separators are installed for usage. Furthermore,
since such gas separators are fragile, installation of such
gas separators into the electrolyser requires high skill and
is often complicated and prone to tear or breakage of the gas

separators.

To solve the problem of low mechanical strength and durabil-
ity a mesh-structure or a fabric, for example a mesh of Eth-
ylene-Tetrafluorethylene (ETFE) and Polyphenylenesulfide
(PPS), which forms the core or substrate of the gas separator
is used. The mesh-structure or the fabric is immersed in or
is coated with the suspension and then the mesh-structure or
the fabric along with the suspension coating is set to form
the gas separator, generally by casting for example on an in-
ert substrate such as in a glass tray or on a glass slab.
Subsequently, the solvent is removed by means of extraction
through immersion of the gas separator in a non-solvent, gen-
erally by placing the gas separator along with the inert sub-
strate into an open tank containing the non-solvent solution.
Such gas separators with mesh-structure or fabric core or
substrate are mechanically stronger but suffer from other
disadvantages. One such disadvantage is that dimensions of
such gas separator are limited by dimensions of the mesh-
structure or fabric used. Furthermore, setting of the mess-
structure or fabric in the suspension is complicated and

needs to be carried out with utmost precession to obtain a
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uniformly formed gas separator. Often the amount of coating of the solution on opposing sides
of the mesh-structure or fabric is different and thus results in a non-uniform gas separator which
is not optimally efficient for usage in the electrochemical conversion processes. Also, the mesh-
structure or the fabric adds to the cost of such gas separators. Furthermore, the production
process being batch manufacturing is labor intensive for example the conventionally known
production methods required placing of the gas separator in the non-solvent bath and other
subsequent baths, and most of these batch manufacturing steps require manual intervention or
aid. Another disadvantage of using the batch manufacturing is that the size and shape of the gas
separators is limited by the size and shape of the casting equipment used in the batch

manufacturing.

Thus there exists a need for a manufacturing process for electrochemical cell components such
as gas separators that is less labor intensive, not limited by the size and/or shape of the casting

equipment used in the batch manufacturing, and/or which can be fully automated.

Disclosed herein is a manufacturing technique for making electrochemical cell components that
may be less labor intensive, may not be limited by the size and/or shape of the casting
equipment used in the batch manufacturing, and/or which may be fully automated. Furthermore
it desired that the electrochemical cell components produced by the manufacturing technique
may have requisite mechanical strength and/or do not suffer from limitations contributed by the

mesh or the fabric.

In a first aspect there is provided a continuous manufacturing method for producing a non-
reinforced electrochemical cell component for use in an electrochemical conversion process, the
method comprising:

- forming a web-form, from a web-material suspension, directly on a surface of a
conveyor belt of a conveyor mechanism, wherein the web-material suspension
comprises interconnecting entities suspended in a solution, the solution having an
organic polymer binding material as a solute and a solvent for the solute, and a pore-
forming material;

- advancing the web-form through a first non-solvent bath, wherein the first non-
solvent bath comprises a first non-solvent configured to introduce a phase inversion
in the web-form to form a web;

- detaching the web from the surface of the conveyor belt;

AH26(24837477_1):RTK
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- advancing the web through a pore-forming bath to form the component; and

collecting the component.

In a second aspect there is provided a non-reinforced electrochemical cell component for use in
an electrochemical conversion process, wherein said electrochemical cell component is

produced according to the method according to the first aspect.

In a third aspect there is provided a gas separator diaphragm, when produced according to the

method according to the first aspect.

In a fourth aspect there is provided a gas diffusion electrode, when produced according to the

method according to the first aspect.

AH26(24837477_1):RTK
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The invention presents a continuous manufacturing method for
producing a non-reinforced electrochemical cell component to
be used in an electrochemical conversion process. The term
‘non-reinforced’ as used herein means not having a mesh or
fabric layer as is conventionally used in gas separators,
i.e. within the electrochemical cell component of the present
technique any pre-formed mesh or fabric reinforcement is not
embedded. Examples of the electrochemical conversion process
are water electrolysis, electrochemical reduction of carbon
dioxide, and other electrochemical processes carried out us-
ing electrochemical applications such as fuel cells and bat-
teries. Examples of the non-reinforced electrochemical cell
component, hereinafter also referred to as the electrochemi-
cal cell component or simply as the component, include gas
separator diaphragms and gas diffusion electrodes. The pre-
sent technique is a continuous manufacturing technique as op-
posed to batch manufacturing. The manufacturing of the pre-
sent technique is a continuous process or a continuous flow
process because the materials used for manufacturing the com-
ponent are processed, i.e. different manufacturing steps are

carried out, while being continuously in motion.

In the method, a web-form is formed, from a web-material sus-
pension, directly on a surface of a conveyor belt of a con-
veyor mechanism. The web-material suspension includes inter-
connecting entities suspended in a solution. The solution has
an organic polymer binding material as a solute and a solvent
for the solute, i.e. a polymer-solvent solution. The solution
also has a pore-forming material. The interconnecting enti-
ties are entities, such as fibers, that have distinct and in-
dependent existence but that when put into a confined space
or limited wvolume interconnect with each other, due to their
configuration to form a network of such entities. The network
resembles an interwoven or interlaced structure like a mesh
formed from crisscrossing or interconnection of the entities.
A web, as used in manufacturing applications such as the pre-
sent technique, is a long, thin, and flexible material or

body akin to a long sheet or a membrane that is processed in
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subsequently arranged processing stations or units or modules
or sections of the continuous manufacturing system. The web-
form is a precursor or a predecessor of the web, i.e. the
web-form albeit not solid or firm enough to maintain its
shape, form or configuration without support has a shape,
form and structure substantially resembling the web to be

formed.

The web-form so formed on the conveyor belt is advanced
through a first non-solvent bath. The first non-solvent bath
includes a first non-solvent. The first non-solvent interacts
with the web-form and introduces a phase inversion in the
web-form i.e. selectively extracts at least a part of the
solvent for the solute, i.e. removes the solvent from the
aforementioned polymer-solvent solution, leaving a porous,
solid membrane i.e. the web. The web is detached from the
surface of the conveyor belt. The detached web is advanced
through a pore-forming bath to form the component, which is
finally collected. The phrase ‘advanced through’ a bath, as
used in the present technique, means moving in one side and
out of the other side of the material or solution or liquid
forming the bath. The web remains submerged in the material
or solution or liquid of the bath while moving from the one

side to the other side.

The component manufactured by the present technique is effi-
ciently produced. The efficiency stems from not having a mesh
support or underlying reinforcement material, i.e. for exam-
ple PPS or ETFE meshes, and the production is not limited by
size of the casting equipment. The manufacturing is labor ef-

ficient and can be fully automated.

In an embodiment of the method, prior to forming the web-form
on the conveyor belt surface, the web-material suspension is
prepared by selecting a type and a concentration of the in-
terconnecting entities, and by continuously mixing the inter-

connecting entities to the polymer-solvent solution.
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In another embodiment of the method, in forming the web-form,
curtain feeding of the web-material suspension is performed
from a feed mechanism onto the surface of the conveyor belt,
i.e. an uninterrupted curtain of fluid, i.e. the web-material
suspension falls onto the surface of the conveyor belt to
form the web-form. The thickness of the web-form on the sur-
face of the conveyor belt is subsequently defined by using a
thickness control mechanism such as a doctor blade disposed

at a desired height above the surface of the conveyor belt.

In another embodiment of the method, the web is advanced
through a second non-solvent bath. The second non-solvent
bath includes a second non-solvent and introduces phase in-
version in the web i.e. continues selectively extraction of
the solvent for the solute, i.e. removal of the solvent from
the aforementioned polymer-solvent solution, leaving a more
porous, further solidified web. The web is advanced through
the second non-solvent bath after detaching the web from the

surface of the conveyor belt.

In another embodiment of the method, the web is compressed,
for example by passing the web through a pair of compressing
rollers or drums. The compressing defines the thickness of

the web and also modifies the porous structure of the web.

In another embodiment of the method, the web is advanced
through a washing bath before collecting the component. This
helps in removal of any residual non-solvents or the pore-

forming solvent.

In another embodiment of the method, the electrochemical cell
component is a gas diffusion electrode. In a related embodi-
ment of the method, when selecting the type and the concen-
tration of the interconnecting entities, the type of inter-
connecting entities selected includes a material having cata-
lytic property for the electrochemical conversion process,
and the concentration of the interconnecting entities is se-

lected such that the interconnecting entities physically con-
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tact each other to form a self-supporting electrically-
conductive network of the interconnecting entities when the
web-form is formed on the surface of the conveyor belt. Thus
continuous manufacturing of a gas diffusion electrode is
achieved by the present technique. In another related embodi-
ment of the method, a hydrophobic coating is applied, for ex-
ample by spraying a hydrophobic material from a spray sta-
tion, on a surface of the web before collecting the component

or before washing the web.

In another embodiment of the method, the electrochemical cell
component is a gas separator diaphragm. In a related embodi-
ment of the method, when selecting the type and the concen-
tration of the interconnecting entities, the type of inter-
connecting entities selected includes an inorganic material,
and the concentration of the interconnecting entities is se-
lected such that the interconnecting entities physically con-
tact each other to form a self-supporting network of the in-
terconnecting entities when the web-form is formed on the
surface of the conveyor belt. Thus continuous manufacturing
of a gas separator diaphragm is achieved by the present tech-

nique.

In another embodiment of the method, the organic polymer
binding material is one of polysulphone, polyvinylidene fluo-
ride, polyacrylonitrile, polyethyleneoxide,
polymethylmethacrylate, or copolymers thereof. The polymers
have high heat resistance, oxidation/reduction resistance,

and durability and sheet forming properties.

In another embodiment of the method, the solvent is one of N-
methyl-2-pyrrolidone (NMP), N-ethyl-2-pyrrolidone (NEP), N,N-
dimethylformamide (DMF), formamide, dimethylsulphoxide
(DMSQ), N,N-dimethylacetamide (DMAC), acetonitrile and mix-
tures thereof. These provide examples for realizing the meth-
od of the present technique by providing a solvent for the

solute i.e. for the organic binding material.
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In another embodiment of the method, the first non-solvent is
one of water, an alcohol, and a combination thereof. The se-
cond non-solvent may be same as the first non-solvent. The
non-solvents are readily available and cheap and thus help
the method to be further cost efficient.

In another embodiment of the method, the interconnecting en-
tities are fibers, i.e. electrically conducting fibers, inor-
ganic fibers, fibers coated with catalytic material, etc. Fi-
ber generally have branched structures and this aids in for-
mation of the self-supporting networks in the component, and

thus obviating requirement of having a supporting mesh.

The present technique is further described hereinafter with
reference to illustrated embodiments shown in the accompany-

ing drawing, in which:

FIG 1 presents a flow chart representing an exemplary em-
bodiment of a continuous manufacturing method of

the present technigue;

FIG 2 schematically represents an exemplary embodiment of
a part of a non-reinforced electrochemical cell
component produced by continuous manufacturing

method of the present technigque; and

FIG 3 schematically illustrates an exemplary embodiment
of system for continucus manufacturing method of

the present techniqgue.

Hereinafter, above-mentioned and other features of the
present technique are described in details. Various
embodiments are described with reference to the drawing,
wherein like reference numerals are used to refer to like
elements throughout. In the following description, for
purpose of explanation, numerous specific details are set

forth in order to provide a thorough understanding of one or
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more embodiments. It may be noted that the illustrated
embodiments are intended to explain, and not to limit the
invention. It may be evident that such embodiments may be

practiced without these specific details.

It may be noted that in the present disclosure, the terms
"first", "second", etc. are used herein only to facilitate
discussion, and carry no particular temporal or chronological

significance unless otherwise indicated.

FIG 1 and FIG 3 have been used in combination to explain an
exemplary embodiment of a continuous manufacturing method
100, hereinafter also referred to the method 100, of the

present technique.

The method 100 is used to produce a non-reinforced
electrochemical cell component 1, as shown in FIG 2. The non-
reinforced electrochemical cell component 1, herein after
also referred to as the component 1 or as the electrochemical
cell component 1, is for use in an electrochemical conversion
process. The component 1 may be a gas diffusion electrode
(GDE) or a gas separator diaphragm. The component 1 is
particularly suited for fuel cells, batteries, and other
suitable electrolysers that require a gas-gas or a gas-liquid

interaction.

FIG 3 shows an exemplary embodiment of a system 99 that is
used for the method 100. To start the method 100, a web-
material suspension 9 is required. The web-material
suspension 9, hereinafter also referred to as the suspension
9, includes interconnecting entities 3, as shown in FIG 2,
suspended in a solution. The solution has an organic polymer
binding material as a solute and a solvent for the solute,
i.e. polymer-solvent solution. The solution also includes a

pore-forming material.

To make the suspension 9, the solution of the organic polymer

binding material, such as a polymer binding agent for example
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polysulphone is first prepared in a solvent such as N-methyl-
2-pyrrolidone (NMP), for example in a proportion of 10 to 30
percent by weight binding agent in relation to the amount of
solvent. Other examples of suitable materials to be used as
the organic polymer binding material are, but not limited to,
polyvinylidene fluoride (PVDF), polyacrylonitrile (PAN),
polyethyleneoxide (PEO), polymethylmethacrylate (PMMA), or
copolymers thereof. Other examples of the solvent include,
but not limited to, N-ethyl-2-pyrrolidone (NEP), N,N-
dimethylformamide (DMF), formamide, dimethylsulphoxide
(DMSQ), N,N-dimethylacetamide (DMAC), acetonitrile and
mixtures thereof. Examples of the pore-forming material added
to the solution either along with or subsequent to the
addition of the organic polymer binding material may be, but
not limited to, Zinc oxide, a polymer such as
polyvinylpyrrolidone (PVP), crosslinked polyvinylpyrrolidone
(PVPP), poly(vinyl alcohol), poly(vinyl acetate), methyl
cellulose and polyethylene oxide. The amount of the pore-
forming material that is added to the solution 9 depends on a
desired porosity of the component 1. For example, when using
PVP as the pore-forming material a suitable amount lies
between 0.5 percent by weight and 2 percent by weight, for
example 0.7 percent by weight (%wt) of the entire composition
of the suspension 9. However, if porosity of the component 1
is desired to be high, a suitable amount of the pore-forming

<

material may be between 0.5 %Swt and 50 3%wt.

Preferably, the pore-forming material is added to the
suspension 9 after the organic polymer binding material has
been dissolved. Alternatively, first the pore-forming
material is dissolved in the solvent, after which the organic
polymer binding material is added to the formed solution,
preferably at an increased temperature, for example at 70 to

75 degrees Celsius.

The interconnecting entities 3, hereinafter also referred to
as the IEs 3, that are added to the suspension 9 are entities

that have a generally elongated, and preferable branched
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structure, for e.g. fibers, flakes, etc. The material with
which the IEs 3 are formed of may be of different types
depending upon a desired use of the component 1. The IEs 3
have a physical structure that promotes interlinking when
adequate amount of the IEs 3 are confined in a suitable
volume, for example the ITEs 3 may be elongated rod shaped or
branched or un-branched fibers, or may be flakes, as opposed
to small particles. The fibers or the flakes when
concentrated or limited in given volume physically touch each
other forming more interconnections as compared to rounded or
compact particles concentrated or limited in the given

volume.

A net length of the IEs 3 i.e. simply the length of the un-
branched fiber or total length of all the branches added with
length of the part of the branched fiber from which the
branches arise, may be between 0.1 micrometer and 1000
micrometer. The average diameter of the fibers may be between
0.05 micrometer and 50 micrometer. A thickness of the flakes
may be between 0.05 micrometer and 10 micrometer and a
surface area of one side of the flake may be between 0.2

square micrometers and 0.2 square millimeters.

For example, when the component 1 is desired to be used as a
GDE, the material, or at least an outer coating material, of
which the IEs 3 are made from is a material having catalytic
property for the electrochemical conversion process. The
material is also required to be electrically conducting. For
example, if the GDE being made by the present technique is
intended to be used for electrochemical conversion of carbon
dioxide to carbon monoxide, then the interconnecting entities
3 selected includes or is formed of silver, silver alloy,
copper, copper alloy, and so on and so forth. The silver,
silver alloy, etc act as catalysts for one or more of the
electrochemical reactions that result in conversion of carbon
dioxide to carbon monoxide. Furthermore, silver, silver
alloy, copper, copper alloy, etc are electrically conducting.
The amount of the IEs 3 is selected such that the finally
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formed GDE has a dry ratio of 90/10 wt% IEs 3 / organic
binding polymer content, for example, the amount of the IEs
in the manufactured GDE could be between 5 to 95 wts of the
dry weight of the GDE. The preferred range would be between
80 wt% and 95 wts.

Another example, when the component 1 is desired to be used
as a gas separator diaphragm or membrane, the IEs 3 may be
inorganic material e.g. inorganic fibers such as, but not
limited to, Potassium titanate, zirconia fibers, Barium
sulphate fibers, Wollastonite fibers, and a combination
thereof. Potassium titanate has been observed to be
particularly stable in use of alkaline water electrolysis.
The inorganic fibers used in the present technique are
hydrophilic. The amount of the inorganic fibers added to the
solution may be selected based on the requirement for which
the gas separator diaphragm is being made. In general a
suitable amount of the inorganic fibers, for example
Potassium titanate, is between 5 percent by weight and 85

percent by weight.

Furthermore, in the method 100such an amount of the IEs 3 is
used, and owing to generally extended structure of the
interconnecting entities, that the IEs 3 when forming the
part of the manufactured component 1 form a self-supporting
network 2, as shown in FIG 3. In case the component 1, is a
GDE, the self-supporting network 2 is also electrically
conducting. The network 2 provides mechanical strength and
physical integrity to other constituents of the component 1,
in short the network 2 of the IEs 3 holds the component 1
together. The network 2 is formed by physical linking or
touching or interconnections between the IEs 3. The network 2
runs through the volume of the component 1. Thus the network
2 provides mechanical reinforcement and structural integrity
to the component 1, and optionally when the component 1 is a
GDE, the network 2 provides one or more catalytic properties
and electrical conductivity to the component 1, i.e. the gas

diffusion electrode.
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The system 99 has a conveyor mechanism 20. The conveyor
mechanism 20 includes a conveyor belt 22 and a surface 23 of
the conveyor belt 22. The conveyor belt 22 is driven by
wheels or pulleys for example a drive pulley 24 and a pulley
25. An arrow 6 depicts a direction of rotation of the drive
pulley 24 and thus the direction of rotation of the conveyor
belt 22 and also a forward direction for the method 100 of
the present technique. The surface 23 is formed of, or may
optionally be coated with, a material to which the suspension
9 does not bond to, for example by coating with a release
agent. The conveyor belt 22 is made from strong, flexible and
planar materials which do not react with the solvent in the
suspension 9, for example a stainless steel belt 22 or a
stainless steel belt coated with PTFE.

In a step 110, a web-form 5 is formed on the surface 23. The
web-form 5 is formed of the suspension 9. Above the conveyor
belt 22, is disposed a feeding mechanism 10. The feeding
mechanism 10 may include a feeder 12 and a feed control 14.
The feeder 12 discharges the suspension 9 onto the surface 23
of the conveyor belt 22. The feed control 14 controls the
rate of discharge. The feeder 12 preferable discharges the
suspension 9 in form of a curtain 16 of material of
suspension 9, i.e. through a step 112 of curtain feeding. The
suspension 9 deposited onto the surface 23 is formed in a
form of a spread or a layer on the surface 23, referred to as
the web-form 5. The thickness, i.e. height from the surface
23, of the web-form 5 and breadth or width of the web-form 5
depend on the size of the curtain feed and the rate of
discharge from the feeder 12. The web-form 5 moves forward
due to rotation of the conveyor belt 22. It may be noted that
since the method 100 is a continuous manufacturing process,
length of the web-form 5 is continuous i.e. the layer keeps
on forming until the feeder 12 keeps on discharging the
suspension 9. So when a part of the web-form 5 proceeds

further, along with the surface 23 of the conveyor belt 22, a
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subsequent continuous part is seamlessly formed behind the

part that proceeded.

Above the conveyor belt 22 is also disposed a thickness
control mechanism 28. The web-form 5 is passed through the
thickness control mechanism 28 to define a thickness of the
web-form 5, in a step 114. The thickness control mechanism 28
may for example be a doctor blade, also referred to as a
doctor knife, that is disposed at a desired height from the
surface 23 such that when the layer passes through the space
between the thickness control mechanism 28 and the surface
23, the layer acquires or is limited to a desired thickness.
It may be noted that the step 110 may also be performed in a
different way than the steps 112 and the step 114, for
example the suspension 9 may be discharged on the surface 23
and then spread to become the web-form 5 by the doctor blade
28.

Thereafter, the web-form 5 is advanced, in a step 120,
through a first non-solvent bath 30. The first non-solvent
bath 30 has a first non-solvent 32. The web-form 5 sitting on
the surface 23 enters the first non-solvent bath 30 i.e.
moves through the first non-solvent submerged therein. The
first non-solvent introduces or induces and carries out, at
least partially, a phase inversion in the web-form 5 leading
to formation of the web 8. The phase inversion is introduced
by extracting the solvent from the web-form 5, i.e. by
extracting the solvent from the polymer-solvent solution of
the suspension 9. The first non-solvent 32 may be water,
alcohol or a mix of water and alcohol. Suitable types of

alcohol are ethanol, but especially isopropyl alcohol.

One way of performing the step 120 is by positioning the
conveyor belt 22 such that a downstream part of the conveyor
belt 22 is submerged in the first non-solvent 32, i.e. is
below a surface 33 of the first non-solvent 32 in the first
non-solvent bath 30. An upstream part of the conveyor belt

22, where the suspension 9 lands after being discharged from
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the feeder 12 is above the surface 33 of the first non-
solvent 32, as shown in FIG 3. Therefore any point on the
surface 23 of the conveyor belt 22 while rotating gets
submerged and then re-emerges and is subsequently submerged
and so on and so forth in a looped manner. The system 99
includes a wiping mechanism 29 present towards the upstream
side of the conveyor belt 22 such that when the surface 23 of
the conveyor belt 22 re-emerges from the first-non solvent
32, the surface 23 is wiped for removing retained drops or
patches of the first non-solvent 23. The wiping mechanism 29
may be formed as a roller drum with external surface of the
roller drum covered with absorbent material such as cotton

fabric or a superabsorbent material laver.

At the downstream side of the system 99 is present a
detaching knife 29 that detaches the web-form 5, in a step
130 from the surface 23 for example by an action akin to
scrapping or scooping. The system 99 also includes a guide
mechanism 40, also referred in manufacturing industry as web-
guiding system 40. The guide mechanism 40 includes a number
of guide rollers or guide pulleys 4la-41k using which a
motion of the web 8 is guided or directed, and sometimes also
propelled, in a general direction 7. One such guide roller
4la guides the web 8 from the detaching knife 29 to outside
of the first non-solvent bath 30.

Optionally, in a step 140, the web 8 is advanced through a
second non-solvent bath 35, after detaching 130 the web 8
from the surface 23 of the conveyor belt 22. The second non-
solvent bath 35 comprises a second non-solvent 36. The second
non-solvent 36 may also be water, alcohol or a mix of water
and alcohol, same as the first non-solvent 32 or different in
alcohol and water ration as compared to the first non-solvent
32. The web 8 when passed through the second non-solvent 36
is subjected to continuation of the phase inversion similar
to the phase inversion experienced by the web-form 5 in the

step 120. The advancing of the web 8 through the second non-
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solvent bath 35 in the direction 7 is aided by the guide
rollers 41b, 41c and 41d as shown in FIG 3.

Thereafter, optionally in a step 150, the web 8 is
compressed, for example by using compression rollers 51,52
that together form a web compression mechanism 50, also
referred sometimes as calendar rollers. The advancing of the
web 8 through the web compression mechanism 50 in the
direction 7 is aided by the guide rollers 4le and 41f as
shown in FIG 3.

In the method 100, thereafter the web 8 is advanced through a
pore-forming bath 60. The pore-forming bath 60 includes a
solvent 62 for the pore-forming material. For example when
the pore-forming material is Zinc oxide in the step 150, the
solvent 62 is acidic or alkaline bath, whereas when the pore-
forming material is PVP the solvent 62 is boiling water. The
removal of the pore-forming material provides pores on a
surface and internally in the web 8 thereby forming the
component 1. The advancing of the web 8 through the pore-
forming bath 60 in the direction 7 is aided by the guide
rollers 41f, 41g and 41h as shown in FIG 3. In a step 190,
the component 1 is collected by a collection mechanism 90,
for example by a technique of reeling carried out by a

rotation of a reel 92 in a direction 93.

Optionally, before the component 1 is collected in the step
190, the web 8 is advanced through a washing bath 80 in a
step 180. The washing bath 80 includes a washing solution 82,
for example water. Any residual non-solvents and/or other
undesired material on the web 8 are washed away in the step
180. The washing solution 82 is renewed, continuously or

intermittently.

The component 1 so collected in the step 190 may be subjected
to further processing in a step 200 for example roll slitting

may be performed.
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Opticonally the system 29 may include a coating station 70,
for example a spray station 70. In an optional step 170 and
only when the component 1 is a GDE, the web 8 before being
washed in the step 180 or before being collected in the step
190, if the step 180 is absent, is advanced to the spray
station 70 under which a spray 72 of hydrophobic material is

deposited on a surface of the web 8.

In an embodiment of the method 100, prior to forming the web-
form 5 on the conveyor belt surface 22, in a step 105 the
web-material suspension 9 is prepared by selecting a type and
a concentration of the interconnecting entities 3, and by
continuously mixing the interconnecting entities 3 to the
polymer-solvent solution. The selection of type and

concentration of the IEs 3 are done as explained earlier.

Hereinafter some examples are provided for continuous
manufacturing method 100 for purposes of illustration and

explanation, and not for limitation.

Example 1: Continuous Manufacturing 100 of a Gas Separator

Diaphragm 1

The suspension 9 includes PPSU (Polyphenylsulfone) as organic
polymer binding material dissolved in NMP as solvent for PPSU
to form between 5 wt% and 30 wt% solution, i.e. polymer-
solvent solution. To the solution is then mixed a suitable
amount of fibers e.g. between 2 wt% and 30 wt% potassium
titanate, and between 20 wt% (weight percent) and 60 wt? Zr0O;
(Zirconium dioxide) as hydrophilic material, and between 10

wt% and 30 wt? Zinc Oxide as pore-forming material.

The suspension 9 is curtain fed 112 on the surface 23 of the
conveyor belt 22 at a rate between 1 ml/min (milliliter per
minute) and 20 ml/min, and in the step 114 a thickness of the
web-form 5 is defined by a height of the doctor blade
positioned between 100 pm and 1000 pm, and precisely 400 pm

(micrometer) .
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The first non-solvent 32 in the step 120 is Isopropanol/H,0
in 50/50 vol% (volume percent). The second non-solvent in the
step 140 is H,O0. The pore-forming material solvent 62 in the
step 160 is diluted Hydrochloric acid, for example 15 wt%

concentration 1n water.

The gas separator diaphragm 1 produced by the continuous
manufacturing method 100 is suitable for being used in Water
electrolysis, CO; electrolysis other electrochemical

applications, e.g. fuel cells and batteries.

Example 2: Continuous Manufacturing 100 of a Gas Diffusion
Electrode 1

The suspension 9 includes PVDF as organic polymer binding
material dissolved in NMP as solvent for PVDF to form between
5 wt% and 30 wt? solution, i.e. polymer-solvent solution. To
the solution is then mixed a suitable amount of fibers e.g.
between 30 wt% and 90 wt? silver (Ag). Furthermore, to the
suspension 9 between 1 wt% and 10 wt% Zinc Oxide as pore-
forming material is added along with between 1 wt% and 20 wt%
PTFE (Polytetrafluoroethylene) having particle size between
100 nm (nanometer) and 20 pm. The aforementioned composition
of the suspension 9 is for obtaining an end product
composition of the GDE 1 having 75Wt% Ag, 1bwt% PVDF, and
10wts PTFE.

Optionally, PTFE instead of being added, or in addition to
being added, may be sprayed onto one side of the web 8 in the
step 170 of the method 100.

The suspension 9 is curtain fed 112 on the surface 23 of the
conveyor belt 22 at a rate between 1 ml/min and 20 ml/min,
and in the step 114 a thickness of the web-form 5 is defined
by a height of the doctor blade positioned between 100 pm and
1000 um, and precisely 400 pum.
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The first non-solvent 32 in the step 120 is Isopropanol/H,0
in 50/50 vol% (volume percent). The second non-solvent in the
step 140 is H,O0. The pore-forming material solvent 62 in the
step 160 is diluted Hydrochloric acid, for example 15 wt%

concentration 1n water.

The gas diffusion electrode 1 produced by the continuous
manufacturing method 100 is suitable for being used in Water
electrolysis, CO; electrolysis other electrochemical

applications, e.g. fuel cells and batteries.

While the present technique has been described in detail with
reference to certain embodiments, it should be appreciated
that the present technique is not limited to those precise
embodiments. Rather, in view of the present disclosure which
describes exemplary modes for practicing the invention, many
modifications and variations would present themselves, to
those skilled in the art without departing from the scope and
spirit of this invention. The scope of the invention is,
therefore, indicated by the following claims rather than by
the foregoing description. All changes, modifications, and
variations coming within the meaning and range of equivalency

of the claims are to be considered within their scope.
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CLAIMS

1. A continuous manufacturing method for producing a non-reinforced electrochemical cell
component for use in an electrochemical conversion process, the method comprising:

- forming a web-form, from a web-material suspension, directly on a surface of a
conveyor belt of a conveyor mechanism, wherein the web-material suspension
comprises interconnecting entities suspended in a solution, the solution having an
organic polymer binding material as a solute and a solvent for the solute, and a pore-
forming material;

- advancing the web-form through a first non-solvent bath, wherein the first non-
solvent bath comprises a first non-solvent configured to introduce a phase inversion
in the web-form to form a web;

- detaching the web from the surface of the conveyor belt;

- advancing the web through a pore-forming bath to form the component; and

collecting the component.

2. The method according to claim 1, further comprising preparing the web-material
suspension, prior to forming the web-form, wherein the web-material suspension is prepared by:
- selecting a type of interconnecting entities and a concentration of the interconnecting

entities, and-continuously mixing the interconnecting entities to the solution.

3. The method according to claim 1 or 2, wherein forming the web-form comprises:
- curtain feeding the web-material suspension from a feed mechanism onto the surface
of the conveyor belt, and

- defining a thickness of the web-form on the surface of the conveyor belt.

4.  The method according to any one of claims 1 to 3, comprising:
- advancing the web through a second non-solvent bath, wherein the second non-
solvent bath comprises a second non-solvent, after detaching the web from the

surface of the conveyor belt.

5. The method according to any one of claims 1 to 4, comprising compressing the web for

defining a thickness of the web.

6.  The method according to any one of claims 1 to 5, comprising:

AH26(24837477_1):RTK
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- advancing the web through a washing bath before collecting the component.

7. The method according to any one of claims 1 to 6, wherein the non-reinforced

electrochemical cell component is a gas diffusion electrode.

8. The method according to claims 2 or 7, wherein in selecting the type of interconnecting
entities and the concentration of the interconnecting entities, the type of interconnecting entities
selected comprises a material having catalytic property for the electrochemical conversion
process, and the concentration of the interconnecting entities is selected such that the
interconnecting entities physically contact each other to form a self-supporting electrically-
conductive network of the interconnecting entities when the web-form is formed on the surface

of the conveyor belt.

9. The method according to claim 7 or 8, further comprising:
- applying a hydrophobic coating on a surface of the web before collecting the

component.

10. The method according to any one of claims 1 to 6, wherein the non-reinforced

electrochemical cell component is a gas separator diaphragm.

11.  The method according to claim 2 or 10, wherein in selecting the type of interconnecting
entities and the concentration of the interconnecting entities, the type of interconnecting entities
selected comprises an inorganic material, and the concentration of the interconnecting entities is
selected such that the interconnecting entities physically contact each other to form a self-
supporting network of the interconnecting entities when the web-form is formed on the surface

of the conveyor belt.

12.  The method according to any one of claims 1 to 11, wherein the organic polymer binding
material is one of polysulphone, polyvinylidene fluoride, polyacrylonitrile, polyethyleneoxide,

polymethylmethacrylate, or copolymers thereof.

13.  The method according to any one of claims 1 to 12, wherein the solvent is one of N-
methyl-2-pyrrolidone (NMP), N-ethyl-2-pyrrolidone (NEP), N,N-dimethylformamide (DMF),
formamide, dimethylsulphoxide (DMSO), N,N-dimethylacetamide (DMAC), acetonitrile and

mixtures thereof,
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14. The method according to any one of claims 1 to 13, wherein the first non-solvent is one of

water, an alcohol, and a combination thereof.

15. The method according to any one of claims 1 to 14, wherein the interconnecting entities

are fibers.

16. A non-reinforced electrochemical cell component for use in an electrochemical conversion
process, wherein said electrochemical cell component is produced according to the method of

any one of claims 1 to 15.

17. A gas separator diaphragm, when produced according to the method of any one of claims 1

to 6 and 8 to 15.
18. A gas diffusion electrode, when produced according to the method of any one of claims 1

to9and 11 to 15.

Siemens Aktiengesellschaft
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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