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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Korean Patent Application No. 10-2021-0167005 filed on November 29, 2021
and all the benefits accruing therefrom, the contents of which are incorporated by reference in their entirety.

BACKGROUND

[0002] The present disclosure relates to a method for preparing an electrode including a multi-component transition
metal hydroxide structure.

[0003] Fossil fuels such as natural gas, oil, and coal are the most widely used resources, but the reserves are limited,
and locally concentrated, and carbon dioxide, nitrogen oxide, sulfur oxide, etc. generated after combustion are known
to be the main causes of environmental problems. Hydrogen energy is attracting attention as one of the alternatives to
such fossil fuels. When hydrogen is used, a very small amount of nitrogen compounds is discharged as pollutants during
combustion, and thus there are few concerns about environmental pollution, and there is an advantage in a recirculation
process in which water is generated after combustion. In addition, an attempt to store, in the form of hydrogen, surplus
energy produced in connection with new renewable energy such as solar and wind power, which have irregular power
generation, using high energy storage capacity characteristics of hydrogen energy, has recently been reported.
[0004] Hydrogen differs from energy storage technology using batteries in thatit can convert and store unused amounts
of renewable power in large capacity and long-term, and use them later, and has the advantage of energy diversification
and scalability.

[0005] Meanwhile, water electrolysis technologies, which are representative hydrogen production technologies, are
technologies for directly producing hydrogen from water using electric energy, and high-purity hydrogen can be produced
simply and eco-friendly. The water electrolysis technologies may be classified into alkaline electrolysis, solid polymer
electrolyte water electrolysis, and high-temperature steam electrolysis.

[0006] Among the water electrolysis technologies, the alkaline electrolysis method is inexpensive and has a high
possibility of being commercialized. The alkaline electrolysis method basically is composed of an electrolyte, a separation
membrane, and an anode and a cathode which are electrodes, wherein the anode and cathode have the following reaction:

Anode: 40H- — O, + 2H,0 + 4e-
Cathode: 4H,0 + 4e” — 2H, + 40H"

[0007] The alkaline electrolysis technology has been commercially verified and is suitable for large-scale hydrogen
production and has price competitiveness compared to other technologies, and thus is the most widely used technology
in Korea. However, in order to increase the low operating current density and power efficiency, the development on an
electrode capable of lowering overvoltage and having durability in hydrogen and oxygen reactions is essential.

[0008] Transition metals such as nickel, iron, copper, cobalt, chromium, and manganese are mainly used as a catalyst
material of a water electrolysis electrode in an alkaline environment, and generally high catalyst performance is exhibited
when the catalyst material is composed of multi-components such as two or more components rather than a single metal.
[0009] In the related art to the development on an electrode constituting the alkaline electrolysis, a metal, as a plate,
having activity in oxygen and hydrogen generation reaction is directly used as an electrode or an electrode is formed
by coating a desired substrate with a catalyst by using deposition using atmospheric pressure or high pressure plasma,
electrostatic coating, electrochemical plating, hydrothermal synthesis, or the like.

[0010] Since the electrode prepared by the hydrothermal synthesis and the electrostatic coating has a low binding
strength between the substrate and the catalyst, a heat treatment at about 1,000 °C is required, and the coating and
the heat treatment are repeatedly required, and the electrode prepared by the plasma deposition and the electrochemical
plating has an advantage of high binding strength, but a complex continuous process is required. In addition, there is a
limitation in that the electrode is rapidly deactivated due to the sintering and agglomeration of metal nanocatalysts during
the heat treatment process.

[0011] There is a need for technology of preparing a water electrolysis electrode, the technology being capable of
obtaining excellent binding strength with a substrate while having a simple process.

SUMMARY

[0012] The present disclosure relates to a method for preparing an electrode which is used in an electrolyzer in which
water is split using electric energy to make hydrogen, and more specifically, to a method for preparing a multi-component
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transition metal hydroxide electrode using the formation of transition metal-ammine complex ions, and to an electrode
of awater electrolysis cell which is driven in an alkaline environment using the multi-component transition metal hydroxide
electrode.

[0013] In accordance with an aspect of the present invention, a method for preparing an electrode includes the steps
of: a) preparing a reaction solution containing a corrosion accelerator and a transition metal precursor including a first
transition metal; and b) immersing a metal substrate including a second transition metal in the reaction solution and then
reacting the metal substrate while oxygen is injected thereto to form a catalyst layer on the metal substrate.

[0014] In the method for preparing an electrode according to an embodiment of the present invention, the corrosion
accelerator may be an inorganic compound including ammonium ions.

[0015] In the method for preparing an electrode according to an embodiment of the present invention, the inorganic
compound including ammonium ions may be atleast one selected from the group consisting of NH,4F, NH,CI, (NH,),SOy,,
(NH4),COg3, and NH4NOs.

[0016] In the method for preparing an electrode according to an embodiment of the present invention, the catalyst
layerformed on the metal substrate may include a second transition metal eluted from the metal substrate by the formation
of second transition metal-ammine complex ions.

[0017] In the method for preparing an electrode according to an embodiment of the present invention, the transition
metal precursor may include at least one first transition metal selected from the group consisting of vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and tungsten.

[0018] In the method for preparing an electrode according to an embodiment of the present invention, the transition
metal precursor may include at least two first transition metals selected from the group consisting of vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and tungsten.

[0019] In the method for preparing an electrode according to an embodiment of the present invention, in step a), a
molar ratio of the first transition metal ions:the ammonium ions contained in the reaction solution may be 1:0.1 to 1:1.5.
[0020] In the method for preparing an electrode according to an exemplary embodiment of the present invention, in
step b), oxygen may be injected so that the dissolved oxygen amount of the reaction solution is saturated within 20 ppm.
[0021] In the method for preparing an electrode according to an embodiment of the present invention, the reaction in
step b) may be performed at 30 °C to 90 °C for 3 hours to 24 hours.

[0022] In the method for preparing an electrode according to an embodiment of the present invention, in step b),
oxygen may be injected at a rate of 400 seem to 1500 seem.

[0023] In the method for preparing an electrode according to an embodiment of the present invention, the metal
substrate in step b) may include at least one selected from the group consisting of copper, iron, nickel, and cobalt.
[0024] In the method for preparing an electrode according to an embodiment of the present invention, the catalyst
layer formed in step b) may include a transition metal hydroxide structure including the first transition metal and the
second transition metal.

[0025] In the method for preparing an electrode according to an embodiment of the present invention, the transition
metal hydroxide structure included in the catalyst layer may include two or three or more transition metals selected from
the group consisting of vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and tungsten.
[0026] In accordance with another aspect of the present invention, there is provided an electrode prepared by the
method for preparing an electrode as described above.

[0027] The electrode according to an embodiment of the present invention may be an electrode for a chlor-alkali
process or a water electrolysis battery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Exemplary embodiments can be understood in more detail from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a view showing digital images of the surfaces of electrodes in Examples 1 to 3 and Comparative Examples
1 to 4;

FIG. 2 shows scanning electron microscope (SEM) images of the electrodes in Comparative Example 1 and Example
2

FIG. 3 is a graph showing results of oxygen generation reactions measured after configuring electrodes including
copper substrates as respective working electrodes in Example 1, Example 2, Example 4, Example 5, Comparative
Example 1, and Comparative Example 3; and

FIG. 4 is a graph showing results of oxygen generation reactions measured after configuring electrodes including
nickel substrates as respective working electrodes in Example 3, Comparative Example 2, and Comparative Example
4.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0029] Advantages and features of the present invention, and implementation methods thereof will be clarified through
following embodiments described in detail with reference to the accompanying drawings. The present invention may,
however, be embodied in different forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art. Further, the present invention is only defined by scopes of
claims. Specific descriptions for embodying the present invention will be explained in detail with reference to the accom-
panying drawings below. Like reference numerals refer to like components regardless of drawings, and the term "and/or"
includes any and all combinations of one or more of the associated listed items.

[0030] Unless defined otherwise, all terms (including technical and scientific terms) used herein may be intended to
have meanings commonly understood by those skilled in the art. Throughout the specification, when it is described that
one part "includes" some components, it is not meant as the exclusion of the other components but to implies the further
inclusion of the other components, unless explicitly stated to the contrary. Also, the singular forms, "a," "an," and "the"
are intended to include the plural forms as well, unless the context clearly indicates otherwise.

[0031] In the present specification, when a layer, a film, a region, or a plate is referred to as being "above" or "on"
another layer, film, region, or plate, it can be not only directly on the layer, film, region, or plate, but intervening layers,
films, regions, or plates may also be present.

[0032] In accordance with an aspect of the present invention, there is provided a method for preparing an electrode.
The method for preparing an electrode includes the steps of: a) preparing a reaction solution containing a corrosion
accelerator and a transition metal precursor including afirst transition metal; and b) immersing a metal substrate including
a second transition metal in the reaction solution and then reacting the metal substrate while oxygen is injected thereto
to form a catalyst layer on the metal substrate.

[0033] The electrode prepared according to an embodiment of the present invention includes a catalyst layer formed
on a metal substrate by immersing the metal substrate in a reaction solution containing a transition metal precursor and
a corrosion accelerator and then reacting the metal substrate while oxygen is injected thereto, and thus as a substrate,
not only a metal favorable for corrosion is used, but a metal resistant to corrosion is also used, and an excellent binding
strength between the metal substrate and a catalyst layer formed on the metal substrate may be provided.

[0034] In addition, the electrode according to an embodiment of the present invention is prepared by preparing a
reaction solution, immersing a metal substrate in the reaction solution, and then injecting oxygen to form a catalyst layer,
and may be prepared to have a large area through a simple process using elution and precipitation reactions of the
second transition metal included in the metal substrate without a separate power supply.

[0035] In this case, the large area may be 10 cm2 or more, 30 cm?2 or more, 40 cm2 or more, 50 cm?2 or more, 60 cm?
or more, 70 cm2 or more, 80 cm?2 or more, 90 cm?2 or more, 100 cm2 or more, 200 cm2 or more, 300 cm2 or more, 400
cm? or more, 500 cm?2 or more, and may be substantially 5 m2 or less, more substantially 3 m2 or less, but the upper
limit value is not limited thereto.

[0036] Asanexample,the electrode prepared to have alarge area according to an embodiment of the present invention
may be prepared to have an area level of a commercial water electrolysis electrode. Accordingly, the electrode prepared
according to an embodiment of the present invention may be utilized as an electrode in a chlor-alkali process or an
electrode in seawater electrolysis technology.

[0037] Hereinafter, the method for preparing an electrode prepared according to an embodiment ofthe presentinvention
will be described in detail.

[0038] Step a)is to prepare a reaction solution by mixing a transition metal precursor including a first transition metal
with a corrosion accelerator in a solvent, and may be mixed by a method known in the art.

[0039] As a specific example, the transition metal precursor may include at least one first transition metal selected
from the group consisting of vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and
tungsten, preferably at least two first transition metals.

[0040] The above-described first transition metal is a material used as a catalyst of a water electrolysis electrode in
an alkaline environment, and may achieve high catalyst performance, and it is generally known that when a structure is
composed of multi-components such as two or more components, high catalyst performance is exhibited.

[0041] In an embodiment, the molar concentration of the transition metal precursor may be 0.05 M to 1 M, specifically
0.1 M to 0.8 M, and more specifically 0.1 Mto 0.5 M.

[0042] In an embodiment, the corrosion accelerator included in the reaction solution may be an inorganic compound
including ammonium ions.

[0043] The inorganic compound including ammonium ions has strong corrosion properties and thus may effectively
corrode the metal substrate, and may play a favorable role in forming a catalyst layer generated on the surface of the
metal substrate by using formation reaction of second transition metal-ammine complex ions, which will be described
later. This will be described in more detail in the step of forming the catalyst layer, which will be described later.
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[0044] For example, the inorganic compound including ammonium ions may be at least one selected from the group
consisting of NH4F, NH4CI, (NH,),SOy4, (NH4),CO3, and NH4NO,.

[0045] In an embodiment, a molar ratio of the first transition metal ions:the ammonium ions contained in the reaction
solution in step a) may be 1:0.05 to 1:1.5, advantageously 1:0.1 to 1:0.9, and more advantageously 1:0.3 to 1:0.7.
[0046] In this case, the number of moles of the first transition metal ions may mean the number of moles of the total
ions of the first transition metal contained in the reaction solution.

[0047] In order to form the catalyst layer having excellent catalytic activity in addition to the corrosion effect of the
metal substrate, it is preferable that the molar ratio of the first transition metal ions:the ammonium ions contained in the
reaction solution satisfies the above-described range.

[0048] In an embodiment, the solvent contained in the reaction solution may dissolve the transition metal precursor
to be present in the form of transition metal cations, and for example, may be any one selected from the group consisting
of ultrapure water, glycerol, ethylene glycol, polyethylene glycol, diethylene glycol, triethylene glycol, tetraethylene glycol,
formamide, N-methylformamide, dimethyl formamide, dimethyl acetylamide, dimethyl sulfoxide, methanol, acetonitrile,
2-pyrrolidinone, acetamide, acrylamide, N-methylurea, urea, and a combination thereof, but is not limited thereto.
[0049] Then, step b), which is performed after the above-described reaction solution is prepared, is for forming a
catalyst layer on the metal substrate including the second transition metal through elution and precipitation reactions of
the second transition metal, and the metal substrate is immersed in the above-described reaction solution and oxygen
is injected thereto.

[0050] In an embodiment, the catalyst layer may include the second transition metal eluted from the metal substrate
by the formation of second transition metal-ammine complex ions.

[0051] Specifically, the catalyst layer may be formed by inducing elution of the second transition metal from the surface
of the metal substrate with the reaction of forming the second transition metal-ammine complex ions by the corrosion
accelerator contained in the reaction solution, and at the same time, by binding the first transition metal ions contained
in the reaction solution. In this case, the catalyst layer may be formed by the corrosion reaction that occurs on the surface
of the metal substrate by the corrosion accelerator contained in the reaction solution, and by the spontaneous reaction
of OH- generated through the injected oxygen with the second transition metal-ammine complex ions.

[0052] Thus, according to an embodiment of the present invention, it is possible to prepare an electrode including a
catalyst layer formed on a metal substrate through elution and precipitation reactions of a transition metal without a
separate power supply.

[0053] Inanembodiment, the oxygen injected into the reaction solution may be injected such that the dissolved oxygen
amount of the reaction solution is saturated within 20 ppm, within 10 ppm, or within 5 ppm, and the oxygen may be
injected at a rate of 400 seem to 1,500 seem, specifically 600 seem to 1,200 seem, and more specifically 800 seem to
1,000 seem.

[0054] In this case, the injection rate of oxygen injected into the reaction solution may be a value set on the basis of
a reactor having a unit volume of 1 L in which the reaction solution is located. For example, when the volume of the
reactor increases, the oxygen injection rate may increase by the increased volume ratio of the reactor.

[0055] Meanwhile, a method for injecting oxygen into the solution may be performed by using an oxygen injection
device, which is a method known in the art, but the present invention is not limited thereto.

[0056] By adjusting the concentration of the injected oxygen within the above range, the reaction rates of the metal
elution reaction (see Reaction Scheme 1 below) through the formation of transition metal-ammine complex ions and the
oxygen reduction reaction (see Reaction Scheme 2 below) on the surface of the metal substrate may be adjusted. In
addition, the control of the reaction rate may be a factor that determines the thickness and/or configuration of the catalyst
layer formed in the preparation method of the present invention (see Reaction Scheme 3 below).

[Reaction Scheme 1] Elution Reaction Through Formation of Metal-Ammine Complex lons on Sub-
strate Surface M (second transition metal) + 4NH,* + O, — [M(NH3)4]2* + 2H,0 +2e-

[Reaction Scheme 2] Oxygen Reduction Reaction on Substrate Surface O, +H,0 + 2e-
— 20H"

[Reaction Scheme 3] Growth Reaction of Hydroxide Electrode through Binding Metal lons onto Sub-
strate Surface [M(NH3)4]2* + 20H- +4H,0 — M(OH), + 4NH,* + 40H-

[0057] Here, the catalyst layer formed on the metal substrate may include a transition metal hydroxide as seen from
Reaction Scheme 3 above. As described above, after the second transition metal-ammine complex ions formed on the
corroded metal substrate induced by the corrosion accelerator contained in the reaction solution is deposited, the transition
metal hydroxide is formed and grown through a spontaneous reaction with OH- generated through the injected oxygen
to form a catalyst layer. In this case, the catalyst layer may be formed by growing due to the binding of the first transition
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metal contained in the reaction solution.

[0058] Here, the corroded surface of the metal substrate induced from the corrosion accelerator, which is an inorganic
compound including ammonium ions, is formed by growing on the metal substrate in the form of being bound with the
second transition metal-ammine complex ions that are eluted from the metal substrate, and thus the present invention
may have an excellent binding strength to the transition metal hydroxide including the first transition metal and the second
transition metal.

[0059] In an embodiment, the metal substrate including the second transition metal may include one or more selected
from the group consisting of copper, iron, nickel, and cobalt.

[0060] For example, the metal substrate may be an alloy including at least one among the above-described transition
metals, and a non-limiting example thereof may be stainless steel, but is not limited thereto.

[0061] In the present invention, the elution of the second transition metal is induced on the surface of the metal
substrate, and at the same time, the binding of the first transition metal ions in the reaction solution is promoted, such
that the catalyst layer including a multi-component transition metal hydroxide including at least two, preferably at least
three kinds of transition metals may be grown.

[0062] In an embodiment, the catalyst layer may be formed by reacting a reaction solution, in which a metal substrate
is immersed under the injection of oxygen in the conditions as described above, at 30 °C to 90 °C for 3 hours to 24 hours.
[0063] As a specific example, the reaction for forming the catalyst layer may be performed at 40 °C to 80 °C, advan-
tageously 50 °C to 70 °C, for 5 hours to 20 hours, preferably 5 hours to 15 hours, and more preferably 5 hours to 10 hours.
[0064] When the temperature is less than 30 °C in the reaction conditions for forming the catalyst layer, the corrosion
of the metal substrate and the growth of the transition metal hydroxide may not be smoothly performed, and thus the
process efficiency may be deteriorated, and when the temperature is greater than 90 °C, the first transition metal ions
contained in the reaction solution may be precipitated as a transition metal hydroxide salt in the reaction solution rather
than on the surface of the metal substrate.

[0065] In addition, when the reaction time is less than 3 hours, the efficiency of forming the catalyst layer may be
deteriorated, and when the reaction time is more than 24 hours, the corrosion of the metal substrate may be accelerated
to reduce the catalytic activity of the finally prepared electrode even though the catalyst layer is formed.

[0066] Accordingly, in order to form the catalyst layer by the efficient corrosion of a metal substrate and the growth of
a transition metal hydroxide, and finally prepare an electrode having excellent catalytic activity, a reaction for forming
the catalyst layer is preferably performed under the above-described temperature and time conditions.

[0067] As described above, the catalyst layer formed on the metal substrate may include a hydroxide structure of a
transition metal including the first transition metal and the second transition metal, and specifically, the transition metal
hydroxide structure may include two or three or more transition metals selected from the group consisting of vanadium,
chromium, manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and tungsten. The presentinvention has a simple
process, may prepare a catalyst composed of multi-components, and at the same time, may prepare an electrode having
excellent binding strength to a substrate.

[0068] Another embodiment of the present invention provides an electrode prepared by the above-described prepa-
ration method, and the electrode may include a metal substrate and a catalyst layer disposed on the metal substrate
and including a transition metal hydroxide structure.

[0069] The catalyst layer including the transition metal hydroxide structure may include a layered double hydroxide
(LDH) structure having a two-dimensional structure. Here, LDH refers to a hydroxide having a two-dimensional layered
structure in which divalent metal cations are surrounded by six OH- in an octahedral form, and some of the divalent
metal cations are substituted by trivalent metal cations, and thus the surface of the divalent metal cation has a positive
charge, and the positive charge on the surface of the layered double hydroxide structure may be offset by anions present
between the layered structures.

[0070] The layered double hydroxide structure allows easy anion exchange as compared with other exchangers and
may be applied to various fields such as catalysts, adsorbents, flame retardants, and photocatalysts due to thermal
stability, electrical and optical properties, and the like.

[0071] Here, the layered double hydroxide structure may be present in a state chemically bonded on the surface of
the metal substrate. Characteristics of easy material transfer and ion conduction of the layered double hydroxide structure
may allow the water electrolysis stack to be operated with high efficiency and high current, and the durability may be
improved according to a voltage potential change when a water electrolysis system is repeatedly operated at on/off in
an alkaline solution. Accordingly, the water electrolysis cell, to which the electrode is applied, may secure stability with
respect to repeated on/off operation, thereby enabling connection with intermittent renewable energy such as solar or
wind power.

[0072] In an embodiment, the thickness of the catalyst layer may be 50 nm to 50 um, specifically 100 nm to 20 um,
and more specifically 200 nm to 10 wm.

[0073] The electrode of the present invention may be used as an electrode for a chlor-alkali process or a water
electrolysis battery, but the present invention is not limited thereto.
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[0074] Another embodiment of the present invention provides an alkaline electrolysis cell containing the electrode
prepared by the preparation method.

[0075] Inthe present specification, the term "alkaline electrolysis is a kind of water electrolysis method, and may mean
a technology of using an alkaline aqueous solution as an electrolyte and using a separate separation membrane for the
separation of hydrogen/oxygen. Specifically, in the alkaline electrolysis method, an ion separation membrane and an
electrolyte are injected between the cathode and the anode, which are electrodes, and a constant voltage and a constant
current flow through both electrodes, thereby producing hydrogen.

[0076] The cathode and the anode generate hydrogen gas and oxygen gas, respectively, according to the following
Reaction Scheme 4, and the generated hydrogen gas and oxygen gas may be discharged to the outside.

[Reaction Scheme 4] Anode: 40H- — O, + 2H,0 + 4e-Cathode: 4H,0 + 4e-— 2H, + 40H-

[0077] Specifically, the OH- ions generated at the cathode may pass through the separation membrane and move to
the anode, and may be oxidized at the anode to generate water and oxygen gas.

[0078] In an embodiment of the present invention, the electrolyte is composed of an alkaline aqueous solution, and
the alkaline aqueous solution may mean an aqueous solution exhibiting basicity. In this case, the alkaline aqueous
solution may include a hydroxide of an alkaline metal element or an alkaline earth metal element. For example, the
hydroxide of the alkaline metal may include at least one hydroxide selected from the group consisting of LiOH, NaOH,
KOH, RbOH, and CsOH.

[0079] The ion separation membrane may be disposed inside the electrolyte to selectively allow specific ions in the
electrolyte to pass therethrough. In this case, the ion separation membrane may selectively allow cations or anions to
pass therethrough according to a shape of the ionized group attached to a membrane matrix. For example, when the
ion separation membrane has anion groups such as-SO3-,-COOr, -PO32', -PO3H-, and-CgH,0O-inamembrane backbone,
only cations may be selectively passed therethrough. For example, when the ion separation membrane has cation groups
such as -NH3*, -NRH2*, -NR,H*, -NR3*, -PR3* and - SR2* on a membrane backbone, only anions may be selectively
passed therethrough.

[0080] Hereinafter, preferred Examples of the present invention and Comparative Examples will be described. How-
ever, the following Examples are merely preferred examples of the present invention, but the present invention is not
limited by the following Examples.

(Example 1)

[0081] A reaction solution was prepared by mixing 0.37M Ni(SO,), as a transition metal precursor and 0.2M NH,4F as
a corrosion accelerator in deionized water.

[0082] A copper substrate was immersed in the prepared reaction solution, the copper substrate was then reacted at
70 °C for 7 hours with a stirring rate maintained at 150 rpm while oxygen is injected at a rate of 900 seem using an
oxygen injection device to form a catalyst layer including a Ni-Cu hydroxide structure on the copper substrate, thereby
preparing an electrode.

(Example 2)

[0083] Example 2 was performed in the same manner as in Example 1 except that 0.12M Fe(NO,); was added to the
reaction solution and 0.25M NH4F was mixed as a corrosion accelerator, and a catalyst layer including a Ni-Fe-Cu
hydroxide structure was formed on a copper substrate, thereby preparing an electrode.

(Example 3)

[0084] A reaction solution was prepared by mixing 0.185M Fe(NO3), as a transition metal precursor and 0.093M NH,4F
as a corrosion accelerator in deionized water.

[0085] A nickel substrate was immersed in the prepared reaction solution, the copper substrate was then reacted at
50 °C for 7 hours with a stirring rate maintained at 150 rpm while oxygen is injected at a rate of 900 seem using an
oxygen injection device to form a catalyst layer including an Fe-Ni hydroxide structure on the nickel substrate, thereby
preparing an electrode.

(Example 4)

[0086] Example4 was performed inthe same manneras in Example 2 except that 0.5M NH,4F as a corrosion accelerator
was mixed with the reaction solution.
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(Example 5)

[0087] Example 5 was performed in the same manner as in Example 2 except that the reaction was performed for 24
hours in the process of forming a catalyst layer.

(Example 6)

[0088] Example 6 was performed in the same manner as in Example 2 except that the reaction was performed in the
reaction temperature condition of 90 °C in the process of forming a catalyst layer.

(Comparative Example 1)

[0089] A commercial copper substrate in which a catalyst layer is not formed was used as an electrode.
(Comparative Example 2)

[0090] A commercial nickel substrate in which a catalyst layer is not formed was used as an electrode.
(Comparative Example 3)

[0091] Comparative Example 3 was performed in the same manner as in Example 1 except that a corrosion accelerator
was not contained in the reaction solution.

(Comparative Example 4)

[0092] Comparative Example 4 was performed in the same manner as in Example 3 except that a corrosion accelerator
was not contained in the reaction solution.

(Experimental Example 1) Evaluation of Formation of Hydroxide Structure on Surface of Electrode

[0093] The surface of each prepared electrode was observed to evaluate whether a hydroxide structure was formed.
[0094] FIG. 1 is a view showing digital images of the surfaces of electrodes in Examples 1 to 3 and Comparative
Examples 1 to 4.

[0095] Referringto FIG. 1, itis observed that on the electrodes of Examples 1 to 3, in which ammonium ions (corrosion
accelerator) are contained in the reaction solution, transition metal hydroxide structures are formed by the binding
between copper and nickel ions eluted from the metal substrate due to the elution of copper and nickel substrates by
the formation of copper-ammine and nickel-ammine complex ions, and nickel and/or iron ions (derived from a transition
metal precursor) contained in the reaction solution.

[0096] On the other hand, it may be seen that Comparative Example 3 and Comparative Example 4, in which the
corrosion accelerator is not contained in the reaction solution, have little difference from the commercial copper substrate
(Comparative Example 1) and the commercial nickel substrate (Comparative Example 2).

[0097] Although not shown in the drawings, it is confirmed that the transition metal hydroxide structure is formed on
the metal substrate in Examples 4 to 6 as well.

[0098] Additionally, the electrodes in Comparative Example 1 and Example 2 were observed through a scanning
electron microscope (SEM), and the results are shown in FIG. 2.

[0099] Referring to the SEM image of FIG. 2, when Comparative Example 1 (copper substrate) is compared with
Example 2, it may be confirmed that copper is eluted from the copper substrate by the formation of copper-nickel ammine
complexions in the electrode of Example 2, and thus a Ni-Fe-Cu hydroxide is grown on the surface of the copper substrate.

(Experimental Example 2) Evaluation of Oxygen Generation Reaction Performance

[0100] A three-electrode experiment was conducted using an electrode prepared at 25 °C in a 1 M KOH solution as
a working electrode, a Hg/HgO electrode as a reference electrode, and a graphite rod as a counter electrode, and oxygen
generation reaction performance was evaluated for each prepared electrode.

[0101] FIG. 3isagraph showing results of oxygen generation reactions measured after configuring electrodes including
copper substrates as respective working electrodes in Example 1, Example 2, Example 4, Example 5, Comparative
Example 1, and Comparative Example 3, and FIG. 4 is a graph showing results of oxygen generation reactions measured
after configuring electrodes including nickel substrates as respective working electrodes in Example 3, Comparative
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Example 2, and Comparative Example 4.

[0102] Referring to FIGS. 3 and 4, it may be confirmed that although the efficiency of the oxygen generation reaction
is very low in the case of the copper substrate and the nickel substrate, the efficiency of the oxygen generation reaction
is significantly increased in the case of Examples 1 to 4 in which the transition metal hydroxide structure is formed by
the formation of copper-ammine complex ions and nickel-ammine complex ions on the surface of each of the metal
substrates.

[0103] In particular, in the case of the electrode including the copper substrate, it was observed that the electrode (Ni-
Fe-Cu) in Example 2 in which a hydroxide structure including three kinds of transition metals is formed has a significant
improvement in the efficiency of the oxygen generation reaction as compared with Example 1 because of the formation
of hydroxide including multi-component transition metals.

[0104] On the other hand, it may be seen that Comparative Example 3 and Comparative Example 4, in which the
corrosion accelerator is not contained in the reaction solution, have performance for the oxygen generation reaction that
is almost similar to or slightly improved from Comparative Example 1 (commercial copper substrate) and Comparative
Example 2 (commercial nickel substrate), which are the respective references.

[0105] In addition, itis confirmed that Example 5 and Example 6 that is not shown in the drawings shows similar results
to the catalyst performance of Comparative Example 3.

[0106] According to the present invention, excellent oxygen generation reaction efficiency may be secured, a large-
area hydroxide structure electrode may be prepared by elution and precipitation reactions of the transition metal without
a separate power supply, and the electrode may be used as an electrode in the art of the chlor-alkali process and
seawater electrolysis.

[0107] In addition, when the electrode of the present invention is used, hydrogen production costs using water elec-
trolysis may be reduced with high oxygen generation reaction efficiency.

[0108] Although the embodiments of the present invention have been described, the present invention is not limited
to the above-described embodiments, and is variously prepared. It will be understood by those skilled in the art to which
the present invention pertains that the present invention can be carried out in other specific forms without changing the
technical spirit or essential features. Therefore, the above-described embodiments are to be understood in all aspects
as illustrative and not restrictive.

Claims

1. A method for preparing an electrode comprising the steps of:
a) preparing a reaction solution containing a corrosion accelerator and a transition metal precursor including a
first transition metal; and
b) immersing a metal substrate including a second transition metal in the reaction solution and then reacting
the metal substrate while oxygen is injected thereto to form a catalyst layer on the metal substrate.

2. The method of claim 1, wherein the corrosion accelerator is an inorganic compound including ammonium ions.

3. The method of claim 2, wherein the inorganic compound is at least one selected from the group consisting of NH,F,
NH,CI, (NH4),S0Oy,, (NH,),CO5 and NH,NO,.

4. The method of claim 2, wherein the catalyst layer comprises the second transition metal eluted from the metal
substrate by the formation of second transition metal-ammine complex ions.

5. The method of claim 1, wherein the transition metal precursor comprises at least one first transition metal selected
from the group consisting of vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and
tungsten.

6. The method of claim 1, wherein the transition metal precursor comprises at least two first transition metals selected
from the group consisting of vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc, molybdenum, and

tungsten.

7. The method of claim 2, wherein, in step a) above, a molar ratio of the first transition metal ions:the ammonium ions
contained in the reaction solution is 1:0.1 to 1:1.5.

8. The method of claim 1, wherein, in step b) above, oxygen is injected so that the dissolved oxygen amount of the
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reaction solution is saturated within 20 ppm.
The method of claim 1, wherein the reaction in step b) above is performed at 30 °C to 90 °C for 3 hours to 24 hours.
The method of claim 1, wherein, in step b) above, oxygen is injected at a rate of 400 seem to 1500 seem.

The method of claim 1, wherein the metal substrate in step b) above comprises at least one selected from the group
consisting of copper, iron, nickel, and cobalt.

The method of claim 1, wherein the catalyst layer in step b) above comprises a transition metal hydroxide structure
including the first transition metal and the second transition metal.

The method of claim 12, wherein the transition metal hydroxide structure comprises two or three or more transition
metals selected from the group consisting of vanadium, chromium, manganese, iron, cobalt, nickel, copper, zinc,
molybdenum, and tungsten.

An electrode prepared by the preparation method in any of claims 1 to 13.

The electrode of claim 14, wherein the electrode is for a chlor-alkali process or a water electrolysis battery.

10
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[FIG. 2]
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