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POLYMER DISPERSION AND ELECTROCATALYST INK

The present invention relates to a polymer dispersion, an electrocatalyst ink and
processes for the preparation thereof. Furthermore, the invention relates to the use of the
polymer dispersion or the electrocatalyst ink in the preparation of catalyst layer structures for

application 1n fuel cells and other electrochemical devices.

A fuel cell 1s an electrochemical cell comprising two electrodes separated by an
electrolyte. A fuel, e.g. hydrogen or methanol, 1s supplied to the anode and an oxidant, e.g.
oxygen or air, 1s supplied to the cathode. Electrochemical reactions occur at the electrodes,

and the chemical energy of the fuel and the oxidant 1s converted to electrical energy and heat.

In a proton exchange membrane (PEM) fuel cell, the electrolyte 1s a solid polymer
membrane which 1s electronically msulating but 1onically-conducting. Proton-conducting
membranes such as those based on perfluorosulphonic acid matenials are typically used, and
protons, produced at the anode, are transported across the membrane to the cathode, where

they combine with oxygen to create water.

The principle component of a PEM fuel cell 1s known as a membrane electrode
assembly (MEA) and 1s essentially composed of five layers. The central layer 1s the polymer
membrane. On either side of the membrane there 1s an electrocatalyst layer, typically
comprising a platinum-based electrocatalyst. An electrocatalyst 1s a catalyst that promotes
the rate of an electrochemical reaction. Finally, adjacent to each electrocatalyst layer there 1s
a gas diffusion material. The gas diffusion material 1s porous and electrically conducting. It
allows the reactants to reach the electrocatalyst layer and conducts the electric current that 1s

generated by the electrochemical reactions.

The MEA can be constructed by several methods. The electrocatalyst layer may be
applied to the gas diffusion material to form a gas diffusion electrode. Two gas diffusion
electrodes can be placed either side of a membrane and laminated together to form the five-

layer MEA. Alternatively, the electrocatalyst layer may be applied to both faces of the
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membrane to form a catalyst coated membrane. Subsequently, gas diffusion materials are
applied to both faces of the catalyst coated membrane. Finally, an MEA can be formed from
a membrane coated on one side with an electrocatalyst layer, a gas diffusion material adjacent

to that electrocatalyst layer, and a gas diffusion electrode on the other side of the membrane.

The electrocatalyst layers usually contain proton-conducting polymer in contact with
the electrocatalyst reaction sites. This enables the efficient transport of protons from the
anode reaction sites through the polymer membrane to the cathode reaction sites.
Incorporation of proton-conducting polymer in the catalyst layer can improve catalyst
utilisation, 1.e. the proportion of the platinum-based catalyst that actually takes part in the
catalytic reaction 1s increased. The catalyst utilisation 1s affected by the three-phase mnterface
between the catalyst, the gaseous reactants, and the proton-conducting polymer. Improving
the catalyst utilisation can increase the MEA performance (measured as cell voltage at a

given current density) without increasing the amount of platinum-based catalyst.

One method of incorporating proton-conducting polymer into an electrocatalyst
layer 1s a method wherein an electrocatalyst ink containing electrocatalyst, a proton-
conducting polymer and a solvent 1s prepared, and the ink 1s applied to a suitable substrate
such as a gas diffusion material, a membrane or a transfer film. Another method of
incorporating proton-conducting polymer into an electrocatalyst layer 1s a method wherem a
dispersion of proton-conducting polymer 1s applied to a pre-formed electrocatalyst layer. EP
731 520 discloses methods of preparing electrocatalyst layers using electrocatalyst inks
and/or proton-conducting polymer dispersions, wherein the solvent in the ink or dispersion 1s
predominantly aqueous. It 1s desirable to use aqueous dispersions and/or inks 1n industrial
manufacturing processes because problems associated with handling and disposing of high

volumes of organic solvents are overcome.

The present inventors have sought to prepare improved aqueous polymer
dispersions and electrocatalyst inks. Suitably the dispersions and inks may be used to prepare

fuel cell components having improved performance and/or more stable performance.

Accordingly, the present invention provides a polymer dispersion comprising one or

more proton-conducting polymer materials 1n a liquid medium, wherein the total amount of
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organic components 1n the liquid medium does not exceed 10wt%, characterised in that the

polymer dispersion further comprises a protic acid.

Furthermore, the present invention provides an electrocatalyst ink comprising one or
more electrocatalyst materials and one or more proton-conducting polymer materials 1n a
liquid medium, wherein the total amount of organic components 1in the liquid medium does
not exceed 10wt%, characterised in that the electrocatalyst ink further comprises a protic

acid.

The 1nventors have found that membrane electrode assemblies prepared using the
polymer dispersions and electrocatalyst inks of the invention have improved performance
and/or more stable performance when compared to membrane electrode assemblies produced
using polymer dispersions and electrocatalyst inks prepared by state-of-the-art methods.
Additionally, the rheological properties of the dispersions and inks of the imnvention are
significantly different to the rheological properties of prior art dispersions and inks and this

may allow for development of improved electrocatalyst layer preparation methods.

JP 2005 123106 discloses catalyst inks that comprise a protic acid. However, the
present inventors believe that the catalyst inks of JP 2005 123106 are not aqueous 1nks and
that the hquid medium contains significant amounts of organic components. Addition of acid
to an organic ink will not have the same effect on the ink properties as has been discovered

by the inventors of the present invention with respect to aqueous 1nks.

The proton-conducting polymer materials 1n the dispersion and the ink contain acidic
groups, but the protic acid 1s an additional acidic component. The term “protic” 1s used
simply to confirm that the acid is a proton donor, 1.e. a Bronsted acid. The protic acid 1s not
a polymeric material and 1s suitably a mineral acid such as nitric acid or sulphuric acid, and 1s

preferably nitric acid.

The ratio of the number of acidic protons 1n the protic acid to the number of acidic
protons on the one or more proton-conducting polymer materials 1s suitably at least 0.5,
preferably at least 0.8, more preferably at least 1.2, most preferably at least 1.4. The ratio 1s
suitably less than 10, preferably less than 5, most preferably less than 2. The inventors have
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found that the presence of a protic acid in the dispersion or ink alters the structure of the one
or more proton-conducting polymer materials in the dispersion or ink, and this effect
becomes more marked as the amount of the protic acid increases. The acid also alters the
viscosity of the dispersion or ink, and gel-like dispersions or inks produced by adding large
amounts of acid (e.g. a ratio of more than 5) may not be suitable for usual application
processes such as spraying or printing. The number of acidic protons 1n the protic acid 1s
readily determined from the number of moles of protic acid in the dispersion or ink and the
formula of the protic acid, e.g. 1 mole of nitric acid (HNQO3) provides 1 mole of acidic
protons. The number of acidic protons on the one or more proton-conducting polymers 1s
readily determined from the equivalent weight (EW) of the proton-conducting polymer. The
EW 1s defined as the weight of the polymer 1n acid form (in grams) required to neutralise one
mole of NaOH. The EW of most commercial proton-conducting polymers 1s publicly
available. The number of moles of acidic protons on the one or more proton-conducting

polymers 1s the amount of polymer in grams, divided by the EW.

Suitable electrocatalyst materials may be unsupported electrocatalytic metals, or may
be electrocatalytic metals supported on a conductive substrate, for example a high surface
area particulate carbon. Electrocatalytic metals for use 1in the present invention may be
selected from

(1) the platinum group metals (i.e. platinum, palladium, rhodium, ruthenium,

iridium and osmium),

(11) gold or silver,

()  a base metal or base metal oxide,
or an alloy or mixture comprising one or more of these metals. The preferred electrocatalytic
metal 1s platinum, which may be alloyed with other precious metals such as ruthenium, or
base metals such as molybdenum, tungsten, cobalt, nickel, chromium or titanium. Ifthe
clectrocatalyst material 1s a supported catalyst, the loading of metal particles on the carbon

support material 1s suitably in the range 10-100wt%, preferably 15-80wt%.

Preferred proton-conducting polymer materials are perfluorinated sulphonic acid
polymers such as Nafion®, Flemion® and Aciplex®. The equivalent weight of the proton-
conducting materials 1s suitably in the range 800-1400, preferably in the range 850-1250.
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The total amount of organic components in the liquid medium does not exceed
10wt%, suitably does not exceed Swt% and preferably does not exceed 1wt%. In a preferred
embodiment, the liquid medium 1s entirely free from organic components. The hquid medium
1s suitably at least 90wt% water, preferably at least 95wt% water and most preferably 99wt%

water. In a preferred embodiment, the liquid medium 1s 100wt% water.

In the polymer dispersions and electrocatalyst inks of the invention the structure of
the one or more proton-conducting polymer materials 1s different when compared to the
structure of proton-conducting polymer materials in polymer dispersions and electrocatalyst
inks produced according to prior art methods. This difference in structure can be analysed by
centrifuge experiments wherein the dispersion or ink 1s separated into a supernatant and a
solid deposit. The amount of proton-conducting polymer in the supernatant can be measured
by FTIR and is indicative of the degree of association between the proton-conducting
polymer particles. If the degree of association between the proton-conducting polymer
particles 1s low, then the amount of proton-conducting polymer in the supernatant will be
high; conversely if the degree of association 1s high, then the amount of proton-conducting
polymer 1n the supernatant will be low. Suitably, when the polymer dispersion or
electrocatalyst ink of the invention is centrifuged for 2 hours at 20°C and 15,000 G' force and
separated 1nto a supernatant and a solid deposit, less than 30% of the proton-conducting
polymer present 1in the polymer dispersion or electrocatalyst ink remains 1n the supernatant,

preferably less than 20%, and most preferably less than 10%.

The solid content of the electrocatalyst ink 1s suitably between 15 and 50wt%,
preferably between 20-35wt%. The weight ratio of the electrocatalytic metal(s) inthe one or
more electrocatalyst materials to the one or more proton-conducting polymers in the ink 1s

suitably between 3:1 and 1:3, preferably between 2:1 and 1:2.

A further aspect of the invention provides a process for preparing a polymer
dispersion of the invention, comprising steps of
a) preparing a dispersion of one or more proton-conducting polymer materials in a
liquid medium, wherein the total amount of organic components in the liquid
medium does not exceed 10wt%; and

b) adding a protic acid to the dispersion.
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An alternative process for preparing a polymer dispersion of the invention comprises
steps of
a) adding a protic acid to a dispersion of one or more proton-conducting polymers
in a liquid medium; and
b) adjusting the total amount of organic components 1n the liquid medium so that the

total amount of organic components in the liquid medium does not exceed

10wt%.

The dispersion of one or more proton-conducting polymer materials in an essentially
aqueous medium (the total amount of organic components does not exceed 10wt%) may be
prepared according to the methods outlined in EP 731 520. Commercial solutions of proton-
conducting polymer materials are typically provided in mixtures of organic and aqueous
solvents such as mixtures of 1sopropyl alcohol and water. Essentially aqueous solutions may
be prepared by adding additional water, and distilling off the organic solvents. Alternatively,
an aqueous solution of a protic acid may be added to a commercial solution of proton-
conducting polymer material, and the organic solvents can be distilled off. The total amount
of organic components 1n the liquid medium suitably does not exceed Swt% and preferably
does not exceed 1wt%. In a preferred embodiment, the liquid medium 1s entirely free from

organic components.

A process for preparing an electrocatalyst ink of the invention, comprises steps of

a) preparing a dispersion of one or more proton-conducting polymer materials in a
liguid medium, wherein the total amount of organic components in the liquid
medium does not exceed 10wt%:;

b) adding one or more electrocatalyst materials to the dispersion; and

c) either before or after step (b), adding a protic acid to the dispersion.

An alternative process for preparing an electrocatalyst ink of the invention comprises
steps of
a) adding a protic acid to a dispersion of one or more proton-conducting polymers
in a liquid medium;

b) adjusting the total amount of organic components in the liquid medium so that the
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total amount of organic components in the liquid medium does not exceed
10wt%; and

¢) adding one or more electrocatalyst materials to the dispersion.

5 The dispersion of one or more proton-conducting polymer materials 1n an essentially
aqueous medium may be prepared as disclosed above. The electrocatalyst materials are

preferably added to the dispersion with stirring.

The protic acid can be added to the dispersion during preparation of the dispersion,

10  before the addition of the electrocatalyst material to the dispersion or after the addition ofthe
clectrocatalyst material to the dispersion. The inventors do not believe that the order of
addition of the protic acid and the electrocatalyst material has a significant effect on the
properties of the ink. The electrocatalyst ink is preferably left for twelve hours before use.
Suitably the ratio of the number of acidic protons 1n the protic acid to the number of acidic

15  protons on the one or more proton-conducting polymer materials 1s at least 0.5.

The invention further provides a method for incorporating proton-conducting polymer
into an electrocatalyst layer, comprising applying a polymer dispersion according to the
invention to an electrocatalyst layer. The invention also provides a method for incorporating

20  proton-conducting polymer into an electrocatalyst layer comprising steps of

a) mixing one or more electrocatalyst materials with a polymer dispersion according

to the mnvention to provide an electrocatalyst mixture;

b) drying the electrocatalyst mixture to provide polymer-impregnated electrocatalyst

material;
25 c) preparing an electrocatalyst ink comprising the polymer-impregnated
clectrocatalyst material; and

d) applying the electrocatalyst ink to a substrate to form the electrocatalyst layer.

The invention further provides a method for preparing an electrocatalyst layer
30 comprising applying an electrocatalyst ink according to the invention to a substrate. The
substrate may be a gas diffusion material (which may or may not carry a microporous layer of

carbon black and hydrophobic polymer), a polymer electrolyte membrane or a transfer film.
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The 1nk may be applied by any method known to the skilled person, €.g. by printing, spraying,

vacuum deposition or casting, but is preferably applied by printing.

The invention further provides a method for preparing a gas diffusion electrode. The
gas diffusion electrode may be prepared by applying an electrocatalyst ink according to the
invention to a gas diffusion material. Alternatively, a gas diffusion electrode may be prepared
by applying an electrocatalyst ink according to the mmvention to a transfer film to form an
clectrocatalyst layer, and transferring the electrocatalyst layer from the transfer film to a gas
diffusion material. A gas diffusion electrode of the invention may also be prepared by
applying a polymer dispersion of the invention to a pre-formed gas diffusion electrode.
Application of the ink or dispersion may be by any method known to the skilled person, e.g.
by printing, spraying, vacuum deposition or casting, but is preferably applied by printing.

The 1invention yet further provides a method for preparing a catalysed membrane. The
catalysed membrane may be formed by applying an electrocatalyst ink according to the
invention to a membrane. Alternatively, a catalysed membrane may be prepared by applying
an electrocatalyst ink according to the invention to a transfer film to form an electrocatalyst
layer, and transferring the electrocatalyst layer from the transfer film to a membrane. A
catalysed membrane may also be prepared by applying a polymer dispersion of the invention
to a pre-formed catalysed membrane. Application of the ink or dispersion may be by any
method known to the skilled person, e.g. by printing, spraying, vacuum deposition or casting,

but is preferably applied by printing.

The 1invention yet further provides a method for preparing a membrane electrode
assembly. Gas diffusion electrodes, produced as described above, may be combined with
membranes; a catalysed membrane, produced as described above, may be combined with gas

diffusion materials.

Experiment shows that electrocatalyst layers and membrane electrode assemblies
prepared using the polymer dispersions and electrocatalyst inks according to the invention
have different physical properties to electrodes and membrane electrode assemblies prepared
using prior art catalyst inks. Therefore, 1n a yet further aspect the present invention provides

clectrocatalyst layers, gas diffusion electrodes, catalysed membranes and membrane electrode
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assemblies prepared using electrocatalyst inks or polymer dispersions according to the

Invention.

The invention will now be described by way of example only which 1s not intended to

be limiting thereof.

Aqueous Nafion® Polymer dispersion preparation

Aqueous Nafion® polymer dispersion was prepared from a commercial solution of
Nafion® (5wt% solids 1n 42-54% 1-Propanol; 40-50% water and ~2-3% Ethanol from
DuPont®, EW 1100). Demineralised water was added to the commercial solution, and the

organic solvents were removed by distillation.

COMPARATIVE EXAMPLE 1: Electrocatalyst Ink
112.01g of the aqueous Nafion® polymer dispersion (11.38% solids) was heated to

80°C while stirring. The solution was concentrated to 103.57g. An electrocatalyst (60wt%
Pt on Ketjen * 300JD carbon, 20g) was slowly added to the hot solution (at 80°C) while

stirring. After the electrocatalyst addition, the solution was mixed by a high shear mixer at

65°C for 30 minutes. The resulting electrocatalyst ink was left over night before use. The
final 1nk had a solid content of 26.5%.

EXAMPLE 1: Polymer Dispersions

1M nitric acid was added to six samples of the aqueous Nafion® polymer dispersion
while stirring and the dispersion was left overnight. The amount of nitric acid added to the

polymer dispersions was varied to provide polymer dispersions wherein the ratio of nitric acid

to acidic groups on the Nafion® was 0.44:1, 0.8:1, 1.07:1, 1.33:1, 1.6:1 and 6.8:1.

EXAMPLE 2: Electrocatalyst Ink

A polymer dispersion prepared according to example 1 was used to prepare an
electrocatalyst ink. The electrocatalyst (60wt% Pt on Ketjen'" 300JD carbon, 20g) was
added to the polymer dispersion at room temperature while stirring. After the electrocatalyst
addition, the dispersion was mixed by a high shear mixer for 30 minutes. The ink had a solid

content of 26.5%. The resulting electrocatalyst ink was left over night before use. The ratio
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of nitric acid to acidic groups on the Nafion® was 1.6:1.

EXAMPLE 3: Electrocatalyst Ink

An electrocatalyst ink was prepared according to example 2 except that the amount of

nitric acid was varied so that the ratio of nitric acid to acidic groups on the Nafion® was

0.8:1.

EXAMPLE 4: Electrocatalyst Ink
Concentrated nitric acid (~10M solution) was slowly added to an electrocatalyst ink

prepared according to comparative example 1. The ink was stirred for 3 hours. The
resulting electrocatalyst ink was left over night before use. The ink had a solid content of
26.5%. The ratio of nitric acid to acidic groups on the Nafion® was 1.8:1.

EXAMPLE 5: Electrocatalyst Ink

An electrocatalyst ink was prepared according to example 4 except that the amount of

nitric acid was varied so that the ratio of nitric acid to acidic groups on the Nafion® was

0.8:1.

CENTRIFUGE EXPERIMENTS

Samples of the electrocatalyst inks of comparative example 1 and example 2 were
analysed by a centrifuge experiment. The inks were centrifuged for two hours at 20°C and
15,000G' force, separating the inks into a solid deposit and a supernatant. The amount of
Nafion® remaining in the supernatant that was decanted from the centrifuge was measured
by FTIR. The peak height at 1233.5cm™ was measured and this was compared with a
calibration plot to determine the concentration of Nafion® 1n the supernatant (the peak height
1s directly proportional to the Nafion® concentration). The amount of Nafion® 1n the
supernatant was calculated from the weight of the supernatant and the percentage Nafion®
concentration. Finally, the percentage of Nafion® remaining in the supernatant was
determined by dividing the amount of Nafion® 1n the supernatant by the amount of Nafion®
in the electrocatalyst ink.

The percentage of Nafion® remaining in the supernatant decanted from the

experiment on the ink of comparative example 1 was 40%. The percentage of Nafion®
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remaining in the supernatant decanted from the experiment on the ink of example 2 was 4%.
The amount of Nafion® remaining in the supernatant from the ink of the invention was

significantly less than from the comparative ink.

The polymer dispersions of Example 1 were also tested in centrifuge experiments.
Nitric acid was added to aqueous Nafion® solution (containing Nafion® at 12.5wt%) 1n
different amounts, and then the dispersions were subjected to the centrifuge for two hours at
20°C and 15,000G' force. The amount of Nafion® remaining in the supernatant that was

decanted from the centrifuge 1s shown 1n table 1:

Ratio of nitric acid to acidic groups | 0.44 1.07 1.33 1.6
el Dl
Percentage of Nafion® remainingin | 79 24 25 10 11
the decanted hiquid .....-

VISCOSITY EXPERIMENTS

The viscosity of the inks of comparative example 1, example 2 and example 4 was
tested using a rheometer. Figure 1 shows the flow curves (viscosity versus shear stress) for
the three inks. There are two flow curves for the ink of comparative example 1: a first flow
curve shows measurements taken after the ink was mixed by a high shear mixer for 18
minutes, and a second flow curve shows measurements taken after the ink was mixed by a
high shear mixer for 30 minutes. The flow curve for the ink of example 2 was taken after
high shear mixing for 18 minutes; the flow curve for the ink of example 4 was taken after
high shear mixing for 30 minutes. The flow curves show that the macrostructures of the inks
of the invention are significantly different to the macrostructures of the comparative inks.

The inks of the invention have considerably higher viscosity.

Figure 2 shows the results of a frequency sweep experiment for the inks of
comparative example 1 and example 2. Measurements of the elastic modulus and the viscous
modulus are shown for each ink and 1t 1s apparent that the microstructure of the ink of the

invention 1s significantly elastic whereas the comparative ink 1s viscoelastic.
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MEMBRANE ELECTRODE ASSEMBLY PREPARATION
Membrane electrode assemblies containing electrocatalyst layers were prepared using
the inks of comparative example 1 and example 2. Gas diffusion electrodes were prepared by

applying the ink to a gas diffusion material by screen printing. The gas diffusion material was

PTFE. The electrocatalyst ink was applied to the microporous layer, providing a platinum
loading of 0.4g Pt /m’.

Comparative MEA 1 was prepared by combining an anode and a cathode with a
30um polymer electrolyte membrane (Flemion® SH-30) to form a membrane electrode
assembly. The ink of comparative example 1 was used to prepare the cathode of

Comparative MEA 1. The anode was a standard anode comprising a 40wt% Pt on Vulcan
XC72R catalyst.

Example MEA 1 was prepared by combining an anode and a cathode with a 30um
polymer electrolyte membrane (Flemion®) to form a membrane electrode assembly. The ink
of example 2 was used to prepare the cathode of Example MEA 1. The anode was a

standard anode comprising a 40wt% Pt on Vulcan XC72R catalyst.

PERFORMANCE IN A FUEL CELL

Comparative MEA 1 and Example MEA 1 were tested in a fuel cell at 80°C.
Hydrogen was supplied to the anode and air was supplied to the cathode at a stoichiometry of
1.5:2.0 and a humidity of 100%. Figure 3 shows how the cell voltage (measured at
500mAcm™) varied with time for Comparative MEA 1 and for two samples of Example MEA
1. The Example 1 MEA samples do not show a decrease 1n cell voltage with time. The only
difference between Comparative MEA 1 and Example MEA 1 i1s that the cathode of
Comparative MEA 1 was prepared from the ink of comparative example 1 (which did not
contain acid) and the cathode of Example MEA 1 was prepared from the ink of example 2
(which contained nitric acid at a ratio of 1.6:1). Figure 3 shows that an ink of the invention

provides an MEA with more stable performance than MEAs prepared using known 1nks.
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CLAIMS
1. A polymer dispersion comprising one or more proton-conducting polymer materials in

a liquid medium, wherein the total amount of organic components 1n the liquid medium does
not exceed 10wt%, characterised in that the polymer dispersion further comprises a protic

acid.

2. A polymer dispersion according to claim 1, wherein the ratio of the number of acidic
protons 1n the protic acid to the number of acidic protons on the one or more proton-

conducting polymer materials 1s suitably at least 0.5.

3. A polymer dispersion according to claim 1 or claim 2, wherein the protic acid 1s nitric

acid or sulphuric acid.

4, A polymer dispersion according to any preceding claim, wherein the one or more

proton-conducting materials 1s one or more perfluorinated sulphonic acid polymers.

5. An electrocatalyst ink comprising one or more electrocatalyst materials and one or
more proton-conducting polymer materials 1n a liquid medium, wherein the total amount of
organic components 1n the liquid medium does not exceed 10wt%, characterised in that the

clectrocatalyst ink further comprises a protic acid.
6. An electrocatalyst ink according to claim 5, wherein the ratio of the number of acidic
protons 1n the protic acid to the number of acidic protons on the one or more proton-

conducting polymer materials 1s suitably at least 0.5.

7. An electrocatalyst ink according to claim 5 or claim 6, wherein the protic acid 1s nitric

acid or sulphuric acid.

8. An electrocatalyst ink according to anyone of claims 5 to 7, wherein the one or more

proton-conducting materials is one or more perfluorinated sulphonic acid polymers.

9. A process for preparing a polymer dispersion according to any one of claims 1 to 4,
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comprising steps of
a) preparing a dispersion of one or more proton-conducting polymer materials in a
liquid medium, wherein the total amount of organic components in the liquid
medium does not exceed 10wt%:; and

b) adding a protic acid to the dispersion.

10. A process for preparing a polymer dispersion according to any one of claims 1 to 4,
comprising steps of
a) adding a protic acid to a dispersion of one or more proton-conducting polymers
in a liquid medium; and
b) adjusting the total amount of organic components 1n the liquid medium so that the

total amount of organic components in the liguid medium does not exceed

10wt%.

11. A process for preparing an electrocatalyst ink according to any one of claims 5 to 8,
comprising steps of
a) preparing a dispersion of one or more proton-conducting polymer materials in a
liquid medium, wherein the total amount of organic components in the liquid
medium does not exceed 10wt%:;
b) adding one or more electrocatalyst materials to the dispersion; and

c) either before or after step (b), adding a protic acid to the dispersion.

12. A process for preparing an electrocatalyst ink according to any one of claims 5 to 8,
comprising steps of
a) adding a protic acid to a dispersion of one or more proton-conducting polymers
in a liquid medium;
b) adjusting the total amount of organic components in the liquid medium so that the
total amount of organic components in the liquid medium does not exceed
10wt%; and

¢) adding one or more electrocatalyst materials to the dispersion.
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13. A method for incorporating proton-conducting polymer into an electrocatalyst layer,
comprising applying a polymer dispersion according to any one of claims 1 to 4 to an

clectrocatalyst layer.

14. A method for incorporating proton-conducting polymer into an electrocatalyst layer
comprising steps of
a) mixing one or more electrocatalyst materials with a polymer dispersion according
to any one of claims 1 to 4 to provide an electrocatalyst mixture;
b) drying the electrocatalyst mixture to provide polymer-impregnated electrocatalyst
material;
c) preparing an electrocatalyst ink comprising the polymer-impregnated
clectrocatalyst material; and

d) applying the electrocatalyst ink to a substrate to form the electrocatalyst layer.

15. A method for preparing an electrocatalyst layer comprising applying an electrocatalyst

ink according to any one of claims 5 to 8 to a substrate.

16. A method for preparing a gas diffusion electrode wherein an electrocatalyst ink

according to any one of claims 5 to 8 1s applied to a gas diffusion material.

17. A method for preparing a gas diffusion electrode wherein an electrocatalyst ink
according to any one of claims 5 to 8 1s applied to a transfer film to form an electrocatalyst
layer, and the electrocatalyst layer 1s transferred from the transfer film to a gas diffusion

material.

18. A method for preparing a gas diffusion electrode wherein a polymer dispersion

according to any one of claims 1 to 4 1s applied to a pre-formed gas diffusion electrode.

19. A method for preparing a catalysed membrane wherein an electrocatalyst ink

according to any one of claims 5 to 8 1s applied to a membrane.
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20. A method for preparing a catalysed membrane wherein an electrocatalyst ink
according to any one of claims 5 to 8 1s applied to a transfer film to form an electrocatalyst

layer, and the electrocatalyst layer is transferred from the transfer film to a membrane.

21. A method for preparing a catalysed membrane wherein a polymer dispersion

according to any one of claims 5 to 8 1s applied to a pre-formed catalysed membrane.

22. A method for preparing a membrane electrode assembly wherein a gas diffusion
clectrode 1s prepared according to any one of claims 16 to 18 and 1s combined with a

membrane.

23. A method for preparing a membrane clectrode assembly wherein a catalysed
membrane 1S prepared according to any one of claims 19 to 21 and 1s combined with a gas

diffusion material.

24.  Anelectrocatalyst layer prepared using a polymer dispersion according to any one of

claims 1 to 4.

25.  Ancelectrocatalyst layer prepared using an electrocatalyst ink according to any one of

claims 5 to 8.

26. A gas diffusion electrode prepared using a polymer dispersion according to any one of

claims 1 to 4.

27. A gas diffusion electrode preparing using an electrocatalyst ink according to any one

of claims 5 to 8.

28. A catalysed membrane prepared using a polymer dispersion according to any one of
claims 1 to 4.
29. A catalysed membrane prepared using an electrocatalyst ink according to any one of

claims 5 to 8.
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30. A membrane electrode assembly prepared using a polymer dispersion according to

any ong¢ of claims 1 to 4.

31. A membrane electrode assembly prepared using an electrocatalyst ink according to

any one of claims 5 to 8.
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