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Description
[TECHNICAL FIELD]

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the benefit of Korean
Patent Application No. 10-2021-0169324 filed on No-
vember 30, 2021 in the Korean Intellectual Property Of-
fice, the disclosure of which is incorporated herein by
reference in its entirety.

[0002] The presentinvention relates to a gas diffusion
layer for anion exchange membrane electrolysis and a
manufacturing method therefor. Specifically, the present
invention relates to a gas diffusion layer containing a re-
ticular carbon nanofiber film, and a manufacturing meth-
od therefor.

[BACKGROUND]

[0003] The gas diffusion layer(GDL) serves as a pas-
sage that transmits reactants from a fuel cell(FC) and
electrolysis(EC) to an electrode and simultaneously dis-
charges products, and also is a key componentthat plays
roles such as heat dissipation and electrode support.
[0004] Most of commercial GDLs are for polymer elec-
trolyte membrane fuel cells(PEMFC) and have a struc-
ture in which a microporous layer(MPL) containing a hy-
drophobic polymer is coated onto a porous carbon paper.
At this time, in the case of a fuel cell, a phenomenon
(water flooding) may occur where water generated at the
cathode blocks the pores of the gas diffusion layer, and
thus the gas diffusion layer is required to have hydropho-
bicity. Therefore, the gas diffusion layer of the fuel cell
uses PTFE and a binder as a polymer to impart hydro-
phobicity.

[0005] The gas diffusion layer for water electrolysis is
an interface where gases such as hydrogen(H,), oxy-
gen(0,), and water(H,0), which are reactants and prod-
ucts of electrochemical reactions, moves freely between
the catalystlayer and the electrode, and causes electrical
conduction. Therefore, the porous carbon material is
used, such as carbon fiber that have no side reactions
with salts for electrochemical reactions, and have poros-
ity and electrical conductivity.

[0006] However, a conventionally used carbon fiber
paper had a problem of an interface contact resistance
between the electrode layer and the catalyst layer due
toits rough surface. To solve this problem, a microporous
layer was formed by applying polymer materials such as
powdered carbon paste or binder. However, the micro-
porous layer containing polymer materials such as car-
bon paste or binder has a problem that its hydrophilicity
and electrical conductivity are lowered due to the polymer
component, which deteriorates the characteristics of the
gas diffusion layer for electrolysis.

[0007] Therefore,a method hasbeen devised toimpart
hydrophilicity by controlling the binder polymer contained
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in the microporous layer, but there still remains a problem
that electrical conductivity is lowered, and an additional
problem that gas movement is hindered.

[0008] Therefore, there is a need to develop a gas dif-
fusion layer thatis hydrophilic and has excellent electrical
conductivity that can be used in anion exchange mem-
brane electrolysis, and a method for manufacturing the
same.

[DETAILED DESCRIPTION OF THE INVENTION]
[Technical Problem]

[0009] Itis an object of the presentinvention to provide
agas diffusion layer for anion exchange membrane elec-
trolysis and a manufacturing method therefor.

[0010] Specifically, it is an object of the present inven-
tion to provide a gas diffusion layer containing a reticular
carbon nanofiber film which is hydrophilic and exhibits
gas permeability, and a manufacturing method therefor.

[Technical Solution]

[0011] According to one embodiment of the present
invention, there is provided a gas diffusion layer for anion
exchange membrane electrolysis comprising a reticular
carbon nanofiber film, wherein the carbon nanofiber has
a diameter of 500 nm or less.

[0012] According to another embodiment of the
present invention, there is provided a method for manu-
facturing a gas diffusion layer for anion exchange mem-
brane electrolysis, the method comprising: spinning a
carbon precursor material to form a reticular molded
product (step 1); and heat treating the reticular molded
product to obtain areticular carbon nanofiber film (step 2).

[Advantageous Effects]

[0013] A gas diffusion layer comprising a reticular car-
bon nanofiber film according to the presentinvention has
higher porosity than polymers such as powdered carbon
materials or binders, and thus is very advantageous for
the movement of hydrogen gas and oxygen gas gener-
ated in the catalyst layer, which makes it easy to move
gas from the electrolyte to the outside, thereby providing
agas diffusion layer for anion exchange membrane elec-
trolysis that can improve the efficiency of an electrolytic
cell.

[0014] In addition, the reticular carbon nanofiber film
according to the present invention has high hydrophilicity
and thus, can improve the wettability of the electrolyte in
the gas diffusion layer.

[0015] Further, according to the presentinvention, it is
possible to provide a method for manufacturing a gas
diffusion layer for anion exchange membrane electrolysis
using a spinning method.

[0016] Further, according to the presentinvention, it is
possible to provide a method of using and manufacturing
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the reticular carbon nanofiber film as the gas diffusion
layer itself.

[0017] Further, according to the present invention, itis
possible to provide a method of applying a conventionally
used gas diffusion layer together in addition to the retic-
ular carbon nanofiber film.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0018]

FIG. 1 is a SEM image of the surface structure of the
gas diffusion layer of an embodiment of the present
invention.

FIG. 2 is an SEM image of the lateral structure of the
gas diffusion layer of an embodiment of the present
invention.

FIG. 3 shows an experiment photograph which com-
pares the contact angle of the gas diffusion layer of
an embodiment of the presentinvention with the con-
tact angle of the existing gas diffusion layer.

FIG. 4 shows a graph that measures and compares
the gas permeability of the gas diffusion layer of an
embodiment of the present invention and the gas
permeability of the existing gas diffusion layer.

[DETAILED DESCRIPTION OF THE EMBODIMENTS]

[0019] The terms "first", "second", etc. may be used
herein to describe various elements, and these terms are
used to distinguish one element from another.

[0020] Also, the terminology used herein is for the pur-
pose of describing particular example embodiments only
and is notintended to be limiting of the invention. As used
herein, the singular forms "a," "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "include," "comprise," or "have" when used
herein, specify the presence of stated features, numbers,
steps, elements, or combinations thereof, but do not pre-
clude the presence or addition of one or more other fea-
tures, numbers, steps, elements, or combinations there-
of.

[0021] Also, it means that, when each layer or element
is referred to as being formed "on" or "top" of the respec-
tive layers or elements, each layer or element is formed
on the top of the respective layers or elements, or the
other layer or element may be additionally formed be-
tween the respective layers, or on the object or the sub-
strate.

[0022] While the present invention is susceptible to
various modifications and alternative forms, specific em-
bodiments will be illustrated and described in detail as
follows. It should be understood, however, that the de-
scription is not intended to limit the present invention to
the particular forms disclosed herein, but the intention is
to cover all modifications, equivalents, and replacements
falling within the spirit and scope of the invention.
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[0023] In the anion exchange membrane electrolysis,
as the hydrophilicity of the gas diffusion layer increases,
the wettability and permeability of the electrolytic solution
increase, and thus the efficiency of the cell can increase.
Therefore, the existing gas diffusion layer for fuel cells
having a hydrophobic microporous layerreduces the wet-
tability of the electrolyte solution, and at the same time,
the thickness of the microporous layer, which reaches
several tens of micrometers (um), can also be a cause
of decreasing the porosity of the porous support of the
gas diffusion layer.

[0024] Therefore, the present inventors have now de-
vised a method of using a reticular carbon nanofiber film
as a gas diffusion layer without using a conventionally
used polymer material such as a binder (binder-free) that
imparts hydrophobicity.

[0025] According to the present invention, if a polymer
for forming a paste with a reticular carbon nanofiber film
material is not used, itis expected to reduce the interface
roughness and interface resistance between the elec-
trode and the catalyst. In addition, the porosity of carbon
nanofibers is higher than that of polymers such as pow-
dered carbon materials or binders, and thus it is very
advantageous for the movement of hydrogen gas and
oxygen gas generated in the catalyst layer, which makes
it easy to move gas from the electrolyte to the outside.
Thereby, itis expected that the efficiency of an electrolytic
cell can be improved.

[0026] Below, the gas diffusion layer for anion ex-
change membrane electrolysis of the present invention
will be discussed in more detail.

[0027] The gas diffusion layer for anion exchange
membrane electrolysis of the present invention may be
a reticular carbon nanofiber film itself. Further, the gas
diffusion layer for anion exchange membrane electrolysis
of the present invention includes a porous support; and
a reticular carbon nanofiber film.

[0028] The gas diffusion layer of one embodiment of
the presentinvention includes areticular carbon nanofib-
er film, wherein the carbon nanofiber may have a diam-
eterof 500 nm or less. Specifically, the gas diffusion layer
may be a reticular carbon nanofiber film.

[0029] Specifically, the carbon nanofiber may have a
diameter of 50 nm or more, 100 nm or more, or 150 nm
or more, and 500 nm or less, 400 nm or less, 300 nm or
less, or 200 nm or less.

[0030] The gas diffusion layer may have a thickness
of 50 to 500 wm. Specifically, the gas diffusion layer may
have a thickness of 50 wm or more, 100 wm or more, 150
pm or more, or 200 pm or more, and 500 pm or less,
450 pm or less, 400 pm or less, 350 wm or less, 300 pm
or less, or 250 pm or less.

[0031] The gas diffusion layer for anion exchange
membrane electrolysis may have a contact angle with
water of 20° or less. Since the gas diffusion layer of the
presentinvention exhibits hydrophilicity due to the carbon
nanofiber, it is preferable that the lower limit of the water
contactangle is notlimited. Specifically, the water contact
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angle may be 0°. By exhibiting superhydrophilicity that
the contact angle is 20° or less, it is possible to ensure
wettability of an electrolytic solution when used as a gas
diffusion layer for water electrolysis. This has the advan-
tage that the electrolysis reaction of water is easy be-
cause the movement and internal circulation of the elec-
trolyte are advantageous compared to the gas diffusion
layer to which a hydrophobic microporous layer is ap-
plied.

[0032] Inthe presentinvention, the water contactangle
refers to an angle made when a liquid and a gas is in
thermodynamic equilibrium on a solid surface. The water
contact angle of the present invention can be measured
by placing a film-like sample on a flat surface, dropping
5 to 10 uwm of distilled water onto it, and then observing
its shape from the side using DSA to calculate the angle.
According to FIG. 4, when compared with the existing
gas diffusion layer, it can be confirmed that the gas dif-
fusion layer of the present invention has a water contact
angle of 0° which exhibits superhydrophilicity.

[0033] Further, the gas diffusion layer for anion ex-
change membrane electrolysis may have a gas perme-
ability of 1 X 10-12 m2 or more. The gas diffusion layer
for anion exchange membrane electrolysis of the present
invention is a better product as the gas permeability is
higher. Specifically, the gas permeability may be 1 X
10-12 m2 or more, 1.25 X 10-2 m2 or more, 1.5 X 10-12
mZ2 or more, 1.75 X 102 m2 or more or 2 X 10-12mZ2 or
more, and 4 X 10-12m2or less, 3 X 10-12m2 or less, or
2.5 % 10712 m2 or less.

[0034] Considering that when the gas permeability is
low, the mobility of oxygen and hydrogen, which must be
discharged to the outside through the gas diffusion layer,
is lowered, there may be a problem that when used for
water electrolysis, and the like, the overall efficiency de-
creases.

[0035] The gas permeability of the present invention
was measured using a device for evaluating GDL basic
physical properties (CPRT 10, Korea Institute of Energy
Technology’s own standard). By randomly contacting the
surface of the gas diffusion layer and performing meas-
urements three times in total, the gas permeability can
be determined using the following paper and Equation 1.
[0036] The gas permeability was determined using the
Trough plane permeability method described in the paper
"In-plane and through-plane gas permeability of carbon
ber electrode backing layers (Jeff T. Gostick, et al., Sep
1 2006)," and the gas permeability (K, unit m2) can be
calculated according to the following Equation 1.

[Equation 1]

K= M m RT
" A/tP - P,\MP,,,

in Equation 1,

K is the gas permeability,
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w is the dynamic viscosity of the gas used,

A is the area of the cross section through which gas
permeated,

t is the thickness of the gas diffusion layer through
which the gas penetrated,

m is the flow rate (mass) of gas flowing through a
unit area,

P, is the pressure before gas permeation,

P, is the pressure after gas permeation,

R is the gas constant,

T is the temperature,

M is the weight of the gas used, and

Pavg Means the average value of P4 and P,.
[0037] Further, the gas diffusion layer for anion ex-
change membrane electrolysis may further include a po-
rous support on one surface of the reticular carbon na-
nofiber film. Specifically, the gas diffusion layer may have
a form in which a carbon nanofiber film is provided on
one surface of a porous support.

[0038] The porous support is not limited as long as it
is a porous material, but may be, for example, a porous
carbon paper, a carbon fiber film, a carbon nanofiber film,
and a carbon nanotube film. Further, the porous support
may have a thickness of 50 to 500 ,um. Alternatively, the
porous support may have a thickness of 100 to 500 um.
[0039] According to the present invention, there can
be provided a method for manufacturing a gas diffusion
layer for anion exchange membrane electrolysis, the
method comprising: spinning a carbon precursor material
to form a reticular molded product (step 1); and heat treat-
ing the reticular molded product to obtain a reticular car-
bon nanofiber film (step 2).

[0040] The carbon precursor material in the step 1 may
be atleast one selected from the group consisting of poly-
acrylonitrile, polyvinyl alcohol, polyvinylpyrrolidone, and
precursors thereof, cellulose, lignin, and pitch.

[0041] The spinning of the (step 1) may be at least one
selected from the group consisting of electrospinning,
centrifugal jet spinning, melt-blown spinning, and spray
spinning. Specifically, the spinning may be electrospin-
ning.

[0042] When spinning is performed through electros-
pinning, a carbon precursor material in a solution state
may be spun through a nozzle with a diameter of 1to 5
mm. In addition, a voltage of 5 to 30 kV may be applied
to the nozzle, and the distance between the nozzle and
the ground may be 5 to 30 cm. At this time, the carbon
precursor material in a solution state may be spun
through the nozzle at a constant rate between 1 and 10
ml/hour. One or more nozzles can be used, and the
number of nozzles can be increased or the spinning time
can be increased to obtain the desired thickness.
[0043] Through the heat treatment of the (step 2), the
reticular molded product formed in the spinning step is
carbonized to form a reticular carbon nanotube film. The
heattreatmentstepis a step of first stabilizing the reticular
molded product under an air atmosphere or an oxygen-
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mixed gas atmosphere in a temperature range of 200 to
400°C for 1 hour or more, and then carbonizing it using
an inert gas at a temperature of 700 to 1500°C for 1 hour
or more. Subsequently, it is cooled to room temperature
under an inert gas atmosphere to obtain a reticular car-
bon nanotube film. At this time, cooling during carboni-
zation, after the stabilization process, is carried out while
maintaining an inert gas atmosphere.

[0044] In addition, spinning the carbon precursor ma-
terial in the (step 1) may be spinning onto a porous sup-
port.

[0045] Alternatively, the method for manufacturing a
gas diffusion layer for anion exchange membrane elec-
trolysis may further comprise a step of attaching the re-
ticular carbon nanotube film obtained in (step 2) to a po-
rous support. Specifically, a method of attaching a porous
support to the reticular carbon nanotube film may be a
method of applying an adhesive to one surface of the
porous support and attaching it. The adhesive used at
this time may contain a material having high electrical
conductivity, or may contain a material having high vis-
cosity, or may contain both.

[0046] The porous support is not limited as long as it
is a porous material, but may be, for example, a porous
carbon paper, a carbon fiber film, a carbon nanofiber film,
a carbon nanotube film, and the like. Further, the porous
support may have a thickness of 50 to 500 um. Alterna-
tively, the porous support may have a thickness of 100
to 500 pm.

[0047] Hereinafter, preferable examples are present-
ed for better understanding the present invention. How-
ever, the following examples are only for illustrating the
presentinvention, and the presentinvention is not limited
to or by them.

Example

[0048] In this example, a gas diffusion layer, which is
areticular carbon nanotube film, was manufactured using
an electrospinning method. First, polyacrylonitrile, which
is a carbon precursor material in a solution state, was
spun at a constant speed of 5 ml per hour through a 3
mm diameter nozzle for 3 hours. At this time, aluminum
foil is placed on the grounded collector so as to facilitate
separation of the sample, and polyacrylonitrile was elec-
trospun thereon. A voltage of 15 kV was applied to the
nozzle. The distance between the nozzle and the ground
was maintained at 15 cm. One or more nozzles can be
used, but in this example, polyacrylonitrile was spun to
athickness of 500 wm using one nozzle to form a reticular
molded product.

[0049] The reticular molded product was then stabi-
lized under an atmospheric atmosphere (including oxy-
gen) at a temperature of 270 to 300°C for 1 hour. Sub-
sequently, it was carbonized under an inert gas N, at-
mosphere and in the temperature section of 1000°C for
1 hour. After the heat treatment process, the sample was
cooled to room temperature to obtain a reticular carbon
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nanofiber film. The formed reticular carbon nanofiber film
had a thickness of 200 pm.

Comparative Example

[0050] As a comparative example, a PEMFC gas dif-
fusion layer product, which is commercially available un-
der the product name JTN20-A6H available from JNTG,
was used.

Experimental Example 1 - Surface observation

[0051] The surface and side surfaces of the manufac-
tured reticular carbon nanofiber film were observed using
a scanning electron microscope(SEM), and are shown
in FIGS. 1 and 2, respectively.

[0052] As canbe seenfromthefigure,itwas confirmed
that the carbon nanofiber film, which is the gas diffusion
layer of the present invention, was formed into a reticular
film shape and maintained its porosity.

Experimental Example 2 - Measurement of water con-
tact angle

[0053] The water contact angle of the reticular carbon
nanofiber film of Example with distilled water droplet was
measured, and shown in FIG. 3. The water contact angle
was measured by placing a film-like sample on a flat sur-
face, dropping 5 to 10 ¢ of distilled water, observing its
shape fromthe side using DSA, and calculating the angle.
[0054] As can be seen from the figure, the reticular
carbon nanofiber film of Example shows superhy-
drophilicity with a contact angle of 0° compared to the
gas diffusion layer of Comparative Example.

Experimental Example 3 - Observation of gas perme-
ability

[0055] The gas permeability of the present invention
was measured using a device for evaluating GDL basic
physical properties (CPRT 10, Korea Institute of Energy
Technology’s own standard). By randomly contacting the
surface of the gas diffusion layer and performing meas-
urements three times in total, the gas permeability was
determined using the following paper and Equation 1.
[0056] The gas permeability was determined using the
Trough plane permeability method described in the paper
"In-plane and through-plane gas permeability of carbon
ber electrode backing layers (Jeff T. Gostick, et al., Sep
1 2006)," and the gas permeability (K, unit m2) was cal-
culated according to the following [Equation 1], and
shown in FIG. 4.

[Equation 1]

K = i m RT
T A/tP,— P,\MP,,,
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in Equation 1,

K is the gas permeability,

w is the dynamic viscosity of the gas used,

A is the area of the cross section through which gas
permeated,

t is the thickness of the gas diffusion layer through
which the gas penetrated,

m is the flow rate (mass) of gas flowing through a
unit area,

P, is the pressure before gas permeation,

P, is the pressure after gas permeation,

R is the gas constant,

T is the temperature,

M is the weight of the gas used, and

Pavg means the average value of P and P,.

The test gas used at this time was dry air.

[0057] Comparing the gas permeability of the reticular
carbon nanofiber film of Example and the gas diffusion
layer of Comparative Example, it was confirmed that Ex-
ample exhibited more excellent gas permeability.

Claims

1. A gas diffusion layer for anion exchange membrane
electrolysis comprising a reticular carbon nanofiber
film,
wherein the carbon nanofiber has a diameter of 500
nm or less.

2. The gas diffusion layer for anion exchange mem-
brane electrolysis according to claim 1, wherein:
the gas diffusion layer for anion exchange mem-
brane electrolysis has a contact angle with water of
20° or less.

3. The gas diffusion layer for anion exchange mem-
brane electrolysis according to claim 1, wherein:
the gas diffusion layer for anion exchange mem-
brane electrolysis has a gas permeability of 1 x 10-12
m2 or more.

4. The gas diffusion layer for anion exchange mem-
brane electrolysis according to claim 1, wherein:
the gas diffusion layer for anion exchange mem-
brane electrolysis further comprises a porous sup-
port on one surface of the reticular carbon nanofiber
film.

5. The gas diffusion layer for anion exchange mem-
brane electrolysis according to claim 4, wherein:
the porous support is at least one selected from the
group consisting of a porous carbon paper, a carbon
fiber film, a carbon nanofiber film, and a carbon na-
notube film.
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10.

1.

12.

13.

A method for manufacturing a gas diffusion layer for
anion exchange membrane electrolysis, the method
comprising:

spinning a carbon precursor material to form a
reticular molded product (step 1); and

heat treating the reticular molded product to ob-
tain a reticular carbon nanofiber film (step 2).

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 6, wherein:

the carbon precursor material in the step 1 is at least
one selected from the group consisting of polyacry-
lonitrile, polyvinyl alcohol, polyvinylpyrrolidone, and
precursors thereof, cellulose, lignin, and pitch.

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 6, wherein:

the spinning of the (step 1) is at least one selected
from the group consisting of electrospinning, centrif-
ugal jet spinning, melt-blown spinning, and spray
spinning.

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 8, wherein:

the electrospinning spins a carbon precursor
material in a solution state through a nozzle with
a diameter of 1 to 5 mm, and

a voltage of 5 to 30 kV is applied to the nozzle.

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 6, wherein:

the heat treatment of step 2 is performed at a tem-
perature of 700 to 1500°C for one hour or more.

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 6, wherein:

spinning the carbon precursor material in the step 1
is spinning onto a porous support.

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 6, wherein:

the manufacturing method further comprises attach-
ing the reticular carbon nanotube film obtained in
step 2 to a porous support.

The method for manufacturing a gas diffusion layer
for anion exchange membrane electrolysis accord-
ing to claim 11 or 12, wherein:

the porous support is at least one selected from the
group consisting of a porous carbon paper, a carbon
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fiber film, a carbon nanofiber film, and a carbon na-
notube film.
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