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METHOD OF MANUFACTURING
ELECTROLYTE MEMBRANE FOR FUEL
CELL AND ELECTROLYTE MEMBRANE

MANUFACTURED THEREBY

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Korean
Patent Application No. 10-2019-0038781, filed Apr. 3, 2019,
the entire content of which is incorporated herein for all
purposes by this reference.

TECHNICAL FIELD

[0002] The present invention relates to a method of manu-
facturing an electrolyte membrane for a fuel cell and an
electrolyte membrane manufactured thereby.

BACKGROUND

[0003] A polymer electrolyte membrane fuel -cell
(PEMFC) is typically configured to include a membrane
electrode assembly (MEA), comprising electrodes including
an anode and a cathode and an ionomer-based electrolyte
membrane, to thereby generate power.

[0004] In particular, in order to increase chemical dura-
bility, an antioxidant in a salt or oxide form has been added
in a predetermined amount to an ionomer dispersion liquid,
thus forming a polymer electrolyte membrane. For effective
oxidation prevention, an antioxidant containing cerium (Ce)
may be included in an electrolyte membrane. Such an
antioxidant may be directly added to the ionomer solution,
or may be added to a solvent such as water and then mixed.
[0005] Cerium ions mixed in salt form through conven-
tional methods are able to very easily move to different
positions in the electrolyte membrane in a fuel cell operating
environment, or to migrate to an electrode (anode or cath-
ode). Hence, the concentration of cerium that is added to the
electrolyte membrane may change. Accordingly, the devel-
opment of electrolyte membranes including an antioxidant
in oxide form has been actively underway these days. For
example, a polymer electrolyte membrane has been manu-
factured by dispersing an antioxidant in an ionomer solution
and then performing casting or bar coating. However, since
the pH of the ionomer solution is in the acidic range of about
3 to 4, during the dispersion of the antioxidant, the added
antioxidant may react with the ionomer solution in an acidic
atmosphere and may thus be dissolved (or released). There-
fore, the antioxidant is present in an easily movable form,
and may be dissolved during the operation of a fuel cell,
which is undesirable.

SUMMARY OF THE INVENTION

[0006] In preferred aspects, provided is a method of manu-
facturing an electrolyte membrane, in which the dissolution
of an antioxidant may be inhibited during dispersion of the
antioxidant in an acidic ionomer solution or during stirring,
thereby increasing the acid resistance of the electrolyte
membrane.

[0007] Further provided is a method of manufacturing an
electrolyte membrane, in which an antioxidant dispersion
liquid having high dispersibility may be formed, thereby
inhibiting the dissolution of the antioxidant and uniformly
distributing the antioxidant without agglomeration of par-
ticles in the electrolyte membrane.
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[0008] Also provided is a method of manufacturing an
electrolyte membrane, in which the time required to form an
ionomer dispersion liquid including an antioxidant may be
effectively reduced, thereby shortening the processing time
for manufacturing an electrolyte membrane and improving
processing efficiency.

[0009] The objectives of the present invention are not
limited to the foregoing, and other specific details of the
present invention are contained in the detailed description
and drawings.

[0010] In one aspect, provided is a method of manufac-
turing an electrolyte membrane for a fuel cell, which may
include: forming a first dispersion liquid that is an aqueous
composition comprising a first ionomer dispersion solution
and an antioxidant; and forming a second dispersion liquid
including the first dispersion liquid and a second ionomer
dispersion solution. The first dispersion liquid may further
include deionized water, or may be a water composition or
aqueous composition.

[0011] Preferably, the forming the first dispersion liquid
may include a first dispersing the deionized water, the first
ionomer dispersion solution and the antioxidant. For
example, the forming the first dispersion liquid may include
at least one of a stirring process using a magnetic bar and a
sonication process. Deionized water is preferably used to
provide an aqueous composition. In certain preferred
embodiments, at least a portion of the total water present in
the first dispersion liquid is deionized water, e.g., where at
least about 10, 20, 30, 40, 50, 60, 70, 80, 90 or 95% of the
water present in the first dispersion liquid is deionized water.
[0012] The first dispersing may suitably be performed for
about 1 min to 60 min.

[0013] Preferably, the forming the second dispersion lig-
uid may include a second dispersing. The second dispersing
may suitably be performed for about 1 min to 10 min. For
example, the second dispersing may be performed through
stirring after adding the first dispersion liquid to the second
ionomer dispersion solution.

[0014] Preferably, a time for performing the second dis-
persing may be less than a time for the first dispersing.
[0015] A composition of the first ionomer dispersion solu-
tion may be the same or different from a composition of the
second ionomer dispersion solution. Preferably, a composi-
tion of the first ionomer dispersion solution is the same as a
composition of the second ionomer dispersion solution. For
instance, the statement that the same composition of the first
ionomer dispersion solution to the composition of the sec-
ond ionomer dispersion solution is meant that type or
composition of the components in the first ionomer disper-
sion solution is the type or composition of the components
in the composition of the second ionomer dispersion solu-
tion, which may not be limited the contents (e.g., mixing
ratio) of respective components. Preferably, in the second
dispersion liquid, a weight of the second ionomer dispersion
solution may be greater than a weight of the first ionomer
dispersion solution.

[0016] Preferably, a mixing ratio of the components in the
composition of the first ionomer dispersion solution may be
the same as a mixing ratio of the components in the
composition of the second ionomer dispersion solution.
[0017] A weight ratio of the first ionomer dispersion
solution and the second ionomer dispersion solution in the
second dispersion liquid may suitably range from about 1:5
to 1:5000.
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[0018] The antioxidant may suitably include one or more
selected from the group consisting of cerium nitrate hexa-
hydrate (Ce(NO,);.6H,0), cerium oxide (CeO,), and
samarium-doped ceria (SDC). However, the present inven-
tion is not limited thereto, and any antioxidant may be used
so long as it is in the form of an oxidation-proof oxide.
[0019] At least one of the first ionomer dispersion solution
and the second ionomer dispersion solution may suitably
include a solvent component which may include deionized
water, n-propyl alcohol of combinations thereof.

[0020] At least one of the first ionomer dispersion solution
and the second ionomer dispersion solution may suitably
include a perfluorinated sulfonic acid ionomer.

[0021] The equivalent weight (EW) of at least one of the
first ionomer dispersion solution and the second ionomer
dispersion solution may suitably range from about 700 to
about 1200.

[0022] The method of the present invention may further
include, after the forming the second dispersion liquid:
manufacturing an electrolyte membrane by coating a release
film with the second dispersion liquid; and thermally treat-
ing the electrolyte membrane.

[0023] Further provided is an electrolyte membrane for a
fuel cell, manufactured by the method described herein.
[0024] Other aspects of the invention are disclosed infra.
[0025] According to various exemplary embodiments of
the present invention, a method of manufacturing an elec-
trolyte membrane for a fuel cell may include a dual disper-
sion process using an ionomer dispersion solution in a
stepwise manner, thereby increasing the acid resistance of an
antioxidant included in the electrolyte membrane, ultimately
improving the durability of a fuel cell.

[0026] Also, an electrolyte membrane manufactured
through such a dual dispersion process may be configured
such that the antioxidant included in the electrolyte mem-
brane maybe uniformly and homogenously distributed with-
out agglomeration of particles. Thus, the performance of a
fuel cell including the electrolyte membrane may be further
improved.

[0027] Also, the stirring time for dispersion of the anti-
oxidant during the process of manufacturing the electrolyte
membrane may be minimized, thereby reducing the overall
processing time for manufacturing an electrolyte membrane
having improved performance and increasing productivity.
[0028] The effects of the present invention are not limited
to the foregoing, and should be understood to include all
effects that can be reasonably anticipated from the following
description.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG. 1 shows an exemplary process of manufac-
turing an electrolyte membrane for a fuel cell according to
an exemplary embodiment of the present invention;

[0030] FIG. 2 shows formation of an exemplary first
dispersion liquid in an exemplary embodiment of the present
invention;

[0031] FIG. 3 shows formation of an exemplary second
dispersion liquid in an exemplary embodiment of the present
invention;

[0032] FIG. 4 shows an exemplary process of manufac-
turing an exemplary electrolyte membrane for an exemplary
fuel cell according to an exemplary embodiment of the
present invention;
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[0033] FIG. 5 shows an exemplary electrolyte membrane
applied on a release film in an exemplary embodiment of the
present invention;

[0034] FIG. 6 is a graph showing the results of comparison
of particle agglomeration sizes of the dispersion liquids in
Examples 1 and 2 of the present invention and Comparative
Examples 1 and 2; and

[0035] FIG. 7 is a graph showing the results of testing of
acid resistance of Examples 1 and 2 of the present invention
and Comparative Examples 1 and 2.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0036] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. The advantages and features of the
present invention, as well as how to accomplish them, will
become apparent with reference to the exemplary embodi-
ments described in detail below with reference to the accom-
panying drawings. However, the present invention is not
limited to the embodiments disclosed below, but may be
embodied in various forms. These embodiments are pro-
vided so that this disclosure will be thorough and complete
and will fully convey the concept of the invention to those
skilled in the art to which the present invention belongs, and
the present invention is only defined by the scope of the
claims. Throughout the drawings, the same reference numer-
als will refer to the same or like elements.

[0037] Unless defined otherwise, all terms (including tech-
nical and scientific terms) used herein may be used in a sense
that is commonly understood by those skilled in the art to
which the present invention to belongs. Also, commonly
used predefined terms are not to be ideally or excessively
formally interpreted unless explicitly defined otherwise.
[0038] Furthermore, the terminology used herein is for the
purpose of illustrating embodiments and is not intended to
limit the present invention. In this specification, singular
forms, “a,” “an” and “the”, include plural forms unless the
context clearly dictates otherwise. It will be further under-
stood that the terms “comprise”, “include”, “have”, etc.,
when used in this specification, specify the presence of
stated elements, features, numbers, steps, and/or operations,
but do not preclude the presence or addition of one or more
other elements, features, numbers, steps, and/or operations.
Here, the term ““and/or” includes each of the mentioned
items and all combinations of one or more thereof.

[0039] Also, it will be understood that when an element
such as a layer, film, area, or sheet is referred to as being
“on” another element, it can be directly on the other element,
or intervening elements may be present therebetween. In
contrast, when an element such as a layer, film, area, or sheet
is referred to as being “under” another element, it can be
directly under the other element, or intervening elements
may be present therebetween.

[0040] Unless otherwise specified, all numbers, values,
and/or representations that express the amounts of compo-
nents, reaction conditions, polymer compositions, and mix-
tures used herein are to be taken as approximations includ-
ing various uncertainties affecting the measurements that
essentially occur in obtaining these values, among others,
and thus should be understood to be modified by the term
“about” in all cases. Furthermore, when a numerical range is
disclosed in this specification, the range is continuous, and
includes all values from the minimum value of said range to
the maximum value thereof, unless otherwise indicated.
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Moreover, when such a range pertains to integer values, all
integers including the minimum value to the maximum
value are included, unless otherwise indicated.

[0041] Further, unless specifically stated or obvious from
context, as used herein, the term “about” is understood as
within a range of normal tolerance in the art, for example
within 2 standard deviations of the mean. “About” can be
understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value.
Unless otherwise clear from the context, all numerical
values provided herein are modified by the term “about”.
[0042] Hereinafter, a detailed description will be given of
the present invention with reference to the appended draw-
ings.

[0043] FIG. 1 is a flowchart showing an exemplary pro-
cess of manufacturing an exemplary electrolyte membrane
for an exemplary fuel cell according to an exemplary
embodiment of the present invention. As shown in FIG. 1,
the method of manufacturing an exemplary electrolyte mem-
brane including an exemplary antioxidant may include form-
ing a first dispersion liquid including water or a water
composition such as deionized water as disclosed above, a
first ionomer dispersion solution and an antioxidant, for
example, by mixing and dispersing thereof (S10) and form-
ing a second dispersion liquid including the first dispersion
liquid and a second ionomer dispersion solution, for
example, by adding the first dispersion liquid to the second
ionomer dispersion solution and dispersing (S20).

[0044] Particularly, in the method of manufacturing the
electrolyte membrane for a fuel cell according to an exem-
plary embodiment of the present invention, in order to
increase the dispersibility of the antioxidant and inhibit
dissolution thereof in an acidic solution or increase acid
resistance, a dual dispersion process (S10 and S20) using the
ionomer dispersion solution in a stepwise manner may be
included. Through the dual dispersion process, the antioxi-
dant may be uniformly and homogeneously distributed
without agglomeration of particles in the final electrolyte
membrane. Moreover, the stirring time for dispersion of the
antioxidant through the dual dispersion process may be
minimized, and thus the overall processing time required to
manufacture the electrolyte membrane may be reduced,
thereby improving productivity.

[0045] Subsequently, individual dispersion processes (S10
and S20) are exemplified in FIGS. 2 and 3. FIG. 2 shows the
formation of the first dispersion liquid (S10 of FIG. 1) in an
exemplary embodiment of the present invention, and FIG. 3
shows the formation of the second dispersion liquid (S20 of
FIG. 1) in an exemplary embodiment of the present inven-
tion.

[0046] As shown in FIG. 2, the formation of the first
dispersion liquid (S10) may be performed in a manner in
which, for example, water composition such as deionized
water 10, a first ionomer dispersion solution 11 and an
antioxidant 15 may be mixed and the resultant mixed
solution may be dispersed, thereby obtaining a first disper-
sion liquid 100.

[0047] In particular, in order to uniformly disperse the
antioxidant 15, a stirring process may be performed for a
sufficient period of time, whereby the antioxidant 15 may be
dispersed in the first ionomer dispersion solution 11. For
example, the formation of the first dispersion liquid 100 may
be performed for 1 min to 60 min. Thereby, the first
dispersion liquid 100 in which the antioxidant 15 may be
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uniformly dispersed (i.e. dispersibility is improved) may be
formed. As such, the dispersion process may include at least
one of, for example, a stirring process using magnetic bars
and a sonication process.

[0048] In the formation of the first dispersion liquid (S10),
the antioxidant 15 preferably may contain cerium (Ce). The
antioxidant 15 may include one or more selected from the
group consisting of, for example, cerium nitrate hexahydrate
(Ce(NO,);.6H,0), cerium oxide (CeO,), and samarium-
doped ceria (SDC). However, the present invention is not
limited thereto, and any antioxidant may be used so long as
it is in the form of an oxidation-proof oxide.

[0049] In the formation of the first dispersion liquid (S10),
the first ionomer dispersion solution 11 may include a
solvent component including, for example, deionized water,
n-propyl alcohol or combinations thereof. Also, the first
ionomer dispersion solution 11 may include, for example, a
perfluorinated sulfonic acid ionomer. Particularly, the anti-
oxidant 15 in oxide form may be added to a perfluorinated
sulfonic acid ionomer dispersion solution as the first iono-
mer dispersion solution 11, and may then be stirred using
magnetic bars in order to realize uniform distribution (S10).
[0050] In the formation of the first dispersion liquid (S10),
the equivalent weight (EW) of the first ionomer dispersion
solution 11 may range from about 700 to about 1200.
[0051] Subsequently, as shown in FIG. 3, the formation of
the second dispersion liquid (S20) may be performed in a
manner in which, for example, the first dispersion liquid 100
may be added to a second ionomer dispersion solution 20
and then dispersed, thereby obtaining a second dispersion
liquid 200.

[0052] In particular, the formation of the second disper-
sion liquid (S20) may be conducted for, for example, about
1 min to 10 min. Furthermore, the time for the dispersing
during the formation of the second dispersion liquid 200
(S20) may be shorter than the time for the dispersing during
the formation of the first dispersion liquid 100 (S10), but the
present invention is not limited thereto.

[0053] The dispersion time during the formation of the
second dispersion liquid 200 (S20) is the period of time
required to disperse the first dispersion liquid 100 that has
been added to the second ionomer dispersion solution 20.
Also, the time for the dispersing during the formation of the
first dispersion liquid 100 (S10) may be the period of time
required to disperse deionized water 10, the first ionomer
dispersion solution 11, and the antioxidant 15.

[0054] The dispersion during the formation of the second
dispersion liquid 200 (S20) may be carried out through
stirring after adding the first dispersion liquid 100 to the
second ionomer dispersion solution 20. Particularly, the
dispersion process may include stirring using magnetic bars.
[0055] In the formation of the second dispersion liquid
(S20), the second ionomer dispersion solution 20 may
include a solvent component including, for example, deion-
ized water, n-propyl alcohol or combinations thereof. The
second ionomer dispersion solution 20 may also include a
perfluorinated sulfonic acid ionomer. The EW of the second
ionomer dispersion solution 20 may range from about 700 to
about 1200.

[0056] In the method of manufacturing the electrolyte
membrane for a fuel cell according to an exemplary embodi-
ment of the present invention, the composition included in
the first ionomer dispersion solution (11 of FIG. 2) during
the formation of the first dispersion liquid (S10) may be the
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same as the composition included in the second ionomer
dispersion solution (20 of FIG. 3) during the formation of
the second dispersion liquid (S20). Here, in the second
dispersion liquid, the weight of the second ionomer disper-
sion solution 20 may be greater than that of the first ionomer
dispersion solution 11.

[0057] Also, the mixing ratio of the components in the
composition of the first ionomer dispersion solution 11 may
be the same as the mixing ratio of the components in the
composition of the second ionomer dispersion solution 20.
For example, the first ionomer dispersion solution 11 and the
second ionomer dispersion solution 20 may have the same
composition (e.g. the same ionomer and the same solvent)
and the same mixing ratio, but the present invention is not
limited thereto.

[0058] In the method of manufacturing the electrolyte
membrane for a fuel cell according to an exemplary embodi-
ment of the present invention, the weight of the second
ionomer dispersion solution 20 may be greater than the
weight of the first ionomer dispersion solution 11, and
particularly, for example, in the second dispersion liquid, the
weight ratio of the first ionomer dispersion solution 11 to the
second ionomer dispersion solution 20 may range from
about 1:5 to about 1:5000. In particular, when the first
ionomer dispersion solution 11 and the second ionomer
dispersion solution 20 have the same composition and the
mixing ratio, the weight ratio of the first ionomer dispersion
solution 11 during the formation of the first dispersion liquid
(810) and the second ionomer dispersion solution 20 during
the formation of the second dispersion liquid (S20) prefer-
ably may be in the range of about 1:5 to 1:5000, or
particularly of about 1:10 to 1:3000. Thereby, an electrolyte
membrane for a fuel cell, capable of inhibiting the dissolu-
tion of the antioxidant 15, may be manufactured.

[0059] As shown in FIGS. 4 and 5, a method of manu-
facturing an exemplary electrolyte membrane for an exem-
plary fuel cell according to an exemplary embodiment of the
present invention is described below. FIG. 4 is a flowchart
showing the process of manufacturing an exemplary elec-
trolyte membrane according to an exemplary embodiment of
the present invention, and FIG. 5 is a concept view showing
the electrolyte membrane applied on a release film. For the
sake of ease of description, only content different from the
description pertaining to FIGS. 1 to 3 is described.

[0060] As shown in FIG. 4, the method of manufacturing
an exemplary electrolyte membrane for a fuel cell according
to an exemplary embodiment of the present invention may
further comprise coating a release film with the second
dispersion liquid (S30) after the formation of the second
dispersion liquid (S20). For example, the second dispersion
liquid, in which the antioxidant is dispersed in the ionomer
solution through stirring for a sufficient period of time in
order to realize uniform dispersion, may be subjected to
casting or bar coating, thereby obtaining a polymer electro-
lyte membrane.

[0061] Also, the method of manufacturing the electrolyte
membrane may further comprise thermally treating the
electrolyte membrane (S40). Here, the thermal treatment
may be performed in an oven at a temperature of about 100°
C. to 250° C. for about 5 min, but the present invention is
not limited thereto.

[0062] As shown in FIG. 5, after the coating process (S30
of FIG. 4), an electrolyte membrane 201 applied on the
release film 30 may be formed. The electrolyte membrane
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201 may be formed with a flat surface by passing the surface
thereof opposite the surface in contact with the release film
30 through an applicator 33, as shown in FIG. 5.

[0063] The electrolyte membrane 201 may be formed
from the aforementioned second dispersion liquid (200 of
FIG. 3), and thus the electrolyte membrane 201 may include
the antioxidant 15. Meanwhile, the electrolyte membrane
201 may also be manufactured by further performing an
additional process (e.g. drying). For example, the electrolyte
membrane 201 may be formed by additionally conducting
the thermal treatment process (S40) after the coating process
(S30).

[0064] An electrolyte membrane, for example, as manu-
factured by the method of manufacturing the electrolyte
membrane for a fuel cell as described above, may be
increased in acid resistance and dispersibility of the con-
tained antioxidant through a dual dispersion process using
the ionomer dispersion solution in a stepwise manner. Con-
sequently, the electrolyte membrane may exhibit further
increased durability and performance, thereby improving the
driving efficiency of a fuel cell and output performance
thereof.

EXAMPLE

[0065] A better understanding of the present invention will
be given through the following examples and comparative
examples. However, the following examples are set forth to
illustrate, but are not to be construed as limiting the scope of,
the present invention.

Preparation Examples

Preparation Example

[0066] a) Deionized water was mixed with a small amount
of ionomer dispersion solution (a first ionomer dispersion
solution), to which samarium-doped ceria (SDC), serving as
an antioxidant, was then added, followed by stirring and
sonication (primary dispersion), thereby preparing a first
dispersion liquid including the antioxidant having improved
dispersibility. Here, the mixing ratio of the deionized water,
the ionomer dispersion solution and the antioxidant was
1:0.04:0.015 by weight, and the stirring and sonication were
performed for 10 min. In the present invention, the small
amount of ionomer solution mixed upon primary dispersion
of'the antioxidant used an ionomer dispersion liquid that was
the same as the ionomer solution for manufacturing the
electrolyte membrane. Here, the weight ratio of the mixing
materials in the ionomer dispersion liquid was deionized
water:n-propyl alcohol:ionomer=1:0.835:0.459.

[0067] b) Next, a second dispersion liquid in which the
antioxidant was uniformly dispersed in a perfluorinated
sulfonic acid ionomer dispersion solution (a second ionomer
dispersion solution) was prepared (secondary dispersion).
Here, the dispersion time was 2 min. The first dispersion
liquid including the antioxidant prepared through primary
dispersion was mixed with a large amount of the ionomer
dispersion liquid and then stirred for about 2 min to give an
ionomer dispersion liquid including the antioxidant, and the
first dispersion liquid including the antioxidant and the
ionomer dispersion liquid were mixed at a weight ratio of
1:15. The second ionomer dispersion solution had the same
composition and mixing ratio as in the first ionomer disper-
sion solution in step a).
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[0068] c) The solution obtained in step b) was applied on
a release film, thereby manufacturing a polymer electrolyte
membrane including the antioxidant. Particularly, a polymer
electrolyte membrane was manufactured through a bar-
coating process using the ionomer dispersion liquid includ-
ing the antioxidant. Furthermore, final thermal treatment
was performed in an oven at a temperature of 170° C. for
about 5 min.

[0069]

[0070] A polymer electrolyte membrane was manufac-
tured in a manner in which a dispersion liquid obtained by
mixing an antioxidant with deionized water was added to an
ionomer dispersion solution and was then dispersed through
stirring, without the addition of the small amount of ionomer
dispersion solution in step a) (formation of the first disper-
sion liquid) of Preparation Example. Here, the dispersion
was performed for 120 min.

[0071] In the antioxidant dispersion liquid of Comparative
Preparation Example, the deionized water, the ionomer
dispersion solution and the antioxidant were mixed at a
weight ratio of 1:0:0.015, and stirring and sonication were
performed for 10 min. The small amount of ionomer dis-
persion solution mixed upon primary dispersion of the
antioxidant in Preparation Example was the same solution as
the ionomer dispersion solution used in a large amount for
manufacturing an electrolyte membrane. Here, the mixing
ratio of deionized water, n-propyl alcohol, and the ionomer
was 1:0.835:0.459 by weight.

[0072] The antioxidant dispersion liquid prepared through
primary dispersion was mixed with the ionomer dispersion
solution at a weight ratio of 1:15 and was then stirred for
about 120 min, thereby preparing an ionomer dispersion
solution including the antioxidant, from which a polymer
electrolyte membrane was then manufactured through a
bar-coating process. Moreover, final thermal treatment was
performed in an oven at 170° C. for about 5 min.

Comparative Preparation Example

Test Examples

[0073]
TABLE 1
Thermal Primary
treatment dispersion Secondary
Sample temp. (addition of dispersion time
No. name °C) ionomer) (min)
Comparative SDC-600 600 X 120
Example 1
Comparative SDC-800 800 X 120
Example 2
Example 1 SDC-600 600 O 2
Example 2 SDC-800 800 O 2
Examples 1 and 2
[0074] The electrolyte membranes of Examples 1 and 2

were manufactured through a dual dispersion process (in-
cluding steps a) and b) in Preparation Example), and Table
1 shows the primary dispersion (performed or not) and the
secondary dispersion time (2 min). In Example 1, the SDC
antioxidant (SDC-600) thermally treated at a temperature of
600° C. was added and used in the process of manufacturing
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the electrolyte membrane. In Example 2, the SDC antioxi-
dant (SDC-800) thermally treated at a temperature of 800°
C. was added and used.

Comparative Examples 1 and 2

[0075] As shown in Table 1, in Comparative Examples 1
and 2, the small amount of ionomer dispersion solution was
not added during the primary dispersion of the antioxidant,
and secondary dispersion was performed for 120 min after
primary dispersion. In Comparative Example 1, the SDC
antioxidant (SDC-600) thermally treated at a temperature of
600° C. was added and used in the process of manufacturing
the electrolyte membrane. In Comparative Example 2, the
SDC antioxidant (SDC-800) thermally treated at 800° C.
was added and used.

Evaluation Example 1: Analysis of Particle
Agglomeration Size

[0076]

[0077] The particle dispersivity was measured through
analysis of particle agglomeration size of the dispersion
liquid including the antioxidant in Examples and Compara-
tive Examples. Particularly, particle agglomeration sizes
were analyzed based on changes in antioxidant particle size
distribution of Examples and Comparative Examples using
a dynamic light-scattering particle size analyzer (Horiba,
nano partica SZ-100). As the dispersivity of the SDC anti-
oxidant was higher, the particle agglomeration size was
decreased, and additionally, the rate of precipitation of
antioxidant particles was observed to be low upon naked-eye
inspection.

[0078]

[0079] FIG. 6 is a graph showing the results of comparison
of particle agglomeration sizes of the dispersion liquids of
Examples 1 and 2 and Comparative Examples 1 and 2.

[0080] With reference to FIG. 6, the particle agglomera-
tion size of the SDC antioxidant in Examples 1 and 2, in
which the antioxidant was thermally treated at a temperature
of 600° C. (SDC-600) and 800° C. (SDC-800) and primary
antioxidant dispersion was performed with the addition of
the small amount of ionomer dispersion solution, was
shown.

[0081] In contrast, the particle agglomeration size of the
SDC antioxidant in Comparative Examples 1 and 2, in
which the antioxidant was thermally treated at a temperature
of 600° C. (SDC-600) and 800° C. (SDC-800) and primary
antioxidant dispersion was performed without the addition
of the small amount of ionomer dispersion solution, was
shown. In particular, when comparing Comparative
Example 1 and Comparative Example 2, the particle
agglomeration size was greatly increased with an increase in
the thermal treatment temperature.

[0082] As shownin FIG. 6, the particle agglomeration size
was remarkably lower in Examples 1 and 2 than in Com-
parative Examples 1 and 2. On the other hand, particle
agglomeration was very significant in Comparative
Examples 1 and 2. This means that it is possible to increase
the secondary dispersion time in order to sufficiently ensure
the dispersivity of the antioxidant in the ionomer solution.

Evaluation Method

Evaluation Result
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Evaluation Example 2: Acid Resistance Test Result

[0083] Evaluation Method

[0084] The antioxidant distributed in the electrolyte mem-
brane was subjected to an acid resistance test using the
electrolyte membrane including the antioxidant in Examples
and Comparative Examples. Specifically, the electrolyte
membrane prepared in each of Preparation Example and
Comparative Preparation Example was cut to a predeter-
mined size (5 cmx5 cm) and subjected to an acid resistance
test in an acidic atmosphere simulating the actual operating
conditions of a polymer electrolyte membrane fuel cell.
More specifically, an SDC antioxidant was placed in 50 mL
of a 0.5 M sulfuric acid (H,SO,) solution, maintained at a
temperature of 80° C. for about 30 min, and washed with
deionized water, after which cerium ion content remaining
in the electrolyte membrane was measured using an X-ray
photoelectron spectroscope. As the cerium ion content in the
electrolyte membrane is increased, the acid resistance of the
antioxidant may be higher. When the acid resistance is
decreased, the SDC antioxidant may be dissolved in a large
amount in the acidic ionomer dispersion solution and thus
released to the sulfuric acid solution, whereby the remaining
cerium ion content may be decreased.

[0085]

[0086] FIG. 7 is a graph showing the results of acid
resistance testing of Examples 1 and 2 and Comparative
Examples 1 and 2.

[0087] With reference to FIG. 7, the electrolyte membrane
including the SDC antioxidant in Examples 1 and 2, in
which the antioxidant was thermally treated at a temperature
of 600° C. (SDC-600) and 800° C. (SDC-800) and primary
antioxidant dispersion was performed with the addition of
the small amount of ionomer dispersion solution, was main-
tained in a 0.5 M sulfuric acid (H,SO,) solution for 30 min,
after which the remaining cerium content was about 72.8%
and 94.5% relative to initial cerium content of 100%.

[0088] In contrast, the electrolyte membrane including the
SDC antioxidant in Comparative Examples 1 and 2, in
which the antioxidant was thermally treated at a temperature
of 600° C. (SDC-600) and 800° C. (SDC-800) and primary
antioxidant dispersion was performed without the addition
of the small amount of ionomer dispersion solution, was
maintained in a 0.5 M sulfuric acid (H,SO,) solution for 30
min, after which the remaining cerium content was about
15.3% and 20.0% relative to initial cerium content of 100%.
This means that the antioxidant was dissolved (or released)
in a very large amount in the acidic ionomer dispersion
solution during the dispersion of the antioxidant that was
added.

[0089] Therefore, as shown in the results of FIG. 7, upon
primary dispersion of the antioxidant using the small amount
of ionomer dispersion solution, the initial dispersivity of the
antioxidant dispersion liquid may be maximized, whereby
the dispersion time maybe minimized upon mixing with a
large amount of ionomer dispersion solution. Ultimately, the
acid resistance of the antioxidant in the final electrolyte
membrane may significantly increase.

[0090] Although the various exemplary embodiments of
the present invention have been disclosed for illustrative
purposes, those skilled in the art will appreciate that various
modifications are possible, without departing from the scope
and spirit of the invention as disclosed in the accompanying
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claims, and such modifications should not be understood
separately from the technical ideas or essential characteris-
tics of the present invention.
What is claimed is:
1. A method of manufacturing an electrolyte membrane
for a fuel cell, comprising:
forming a first dispersion liquid comprising a first iono-
mer dispersion solution and an antioxidant; and

forming a second dispersion liquid comprising the first
dispersion liquid and a second ionomer dispersion
solution.

2. The method of claim 1, wherein the first dispersion
liquid comprises deionized water.

3. The method of claim 2, wherein the forming the first
dispersion liquid comprises a first dispersing the deionized
water, the first ionomer dispersion solution and the antioxi-
dant.

4. The method of claim 3, wherein the forming the first
dispersion liquid comprises at least one of a stirring process
using a magnetic bar and a sonication process.

5. The method of claim 4, wherein the first dispersing is
performed for about 1 min to 60 min.

6. The method of claim 1, wherein the forming the second
dispersion liquid comprises a second dispersing.

7. The method of claim 6, wherein the second dispersing
is performed for about 1 min to 10 min.

8. The method of claim 6, wherein the second dispersing
is performed through stirring after adding the first dispersion
liquid to the second ionomer dispersion solution.

9. The method of claim 1, wherein a time for the second
dispersing is less than a time for the first dispersing.

10. The method of claim 1, wherein a composition of the
first ionomer dispersion solution is the same as a composi-
tion of the second ionomer dispersion solution.

11. The method of claim 10, wherein in the second
dispersion liquid, a weight of the second ionomer dispersion
solution is greater than a weight of the first ionomer disper-
sion solution.

12. The method of claim 10, wherein a mixing ratio of the
components in the composition of the first ionomer disper-
sion solution is the same as a mixing ratio of the components
in the composition of the second ionomer dispersion solu-
tion.

13. The method of claim 1, wherein a weight ratio of the
first ionomer dispersion solution and the second ionomer
dispersion solution in the second dispersion liquid is of
about 1:5 to 1:5000.

14. The method of claim 1, wherein the antioxidant
comprises one or more selected from the group consisting of
cerium nitrate hexahydrate (Ce(NO;);.6H,0), cerium oxide
(Ce0,), and samarium-doped ceria (SDC)

15. The method of claim 1, wherein at least one of the first
ionomer dispersion solution and the second ionomer disper-
sion solution comprises a solvent component comprising
deionized water, n-propyl alcohol or combinations thereof.

16. The method of claim 1, wherein at least one of the first
ionomer dispersion solution and the second ionomer disper-
sion solution comprises a perfluorinated sulfonic acid iono-
mer.

17. The method of claim 1, wherein an equivalent weight
(EW) of at least one of the first ionomer dispersion solution
and the second ionomer dispersion solution is of about 700
to 1200.
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18. The method of claim 1, further comprising, after the
forming the second dispersion liquid:
manufacturing an electrolyte membrane by coating a
release film with the second dispersion liquid; and
thermally treating the electrolyte membrane.
19. An electrolyte membrane for a fuel cell, manufactured
by a method of claim 1.

#* #* #* #* #*



