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(57) ABSTRACT

The present 1invention relates to a method for preparing a
carbonate salt. The method for preparing a carbonate salt can
provide a usetul material by implementing a carbon dioxide
capture method via a capturing agent such as ammonia with
an electrolytic device to produce a carbonate salt, and thus
capturing carbon dioxide from the atmosphere. Further, the
preparation method may purely produce a carbonate salt
without generating by-products using electric energy, and at
the same time, the capturing agent may be reused without
any additional process. Furthermore, the preparation method
may selectively provide a carbonate salt in the desired form
by adjusting the pH of a solution containing the carbonate
salt using the electrolysis of water.
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METHOD FOR PREPARING CARBONATE

TECHNICAL FIELD

[0001] The present mmvention relates to a method {for
preparing a carbonate salt which can provide a pure carbon-
ate without by-products by capturing carbon dioxide from
the atmosphere.

BACKGROUND OF ART

[0002] Carbon dioxide 1s a typical greenhouse gas.
Recently, most countries including Korea are committed to
reducing carbon dioxide emission into the atmosphere to
mitigate the global warming.

[0003] As one of the methods for capturing atmospheric
carbon dioxide, there 1s a method for 1omizing carbon
dioxide 1nto a carbonate 10on by 1njecting carbon dioxide nto
an aqueous solution containing a dissolved catalyst having
an amine group. The typical catalyst materials to increase
the reaction rate of such 1onization include MEA (monoetha-
nolamine) or ammonia, etc. Among them, the research on
carbon dioxide capture using ammonia solution has been 1n
progress for a long time, and this process 1s particularly
referred to as ammonia scrubbing. When carbon dioxide gas
1s 1njected into ammeonia solution, the carbon dioxide 1onizes
into carbonate 1ons and binds to ammonium cations to
produce ammomum carbonate ((NH,),CO,), ammonium

bicarbonate (NH,HCO,) or ammonium carbamate
(NH,COONH,).
[0004] Although 1t 1s not practically applied for carbon

dioxide reduction from the atmosphere, a process of con-
verting gaseous carbon dioxide into sodium carbonate using,
an ammonia solution, which 1s useful for carbon dioxide
ionization, 1s widely used 1n industrial fields. This 1s often
referred to as ammonia-soda process (Solvay process). In
this process, (1) carbon dioxide 1s first injected to an
ammonia solution. As a result, carbon dioxide 1s 1onized to
be 1 a state of being capable of binding to cations. (2)
Sodium chloride 1s then added to the solution.

[0005] In this case, the carbonate 1ons generated from the
carbon dioxide binds to the sodium 1ons dissociated from the
sodium chloride, thereby obtaining sodium bicarbonate
(NaHCQO,) as a precipitate. During this process, ammonium
chlonide (NH_C1) 1s produced as a by-product. (3) The solid
sodium bicarbonate 1s converted to sodium carbonate
(Na,CO,), which 1s a desired product, by calcination at high
temperature. (4) Then, ammonia can be reused by regener-
ating ammonia by reacting ammonium chloride produced
from step (2) with calcium oxide (CaO). However, calcium
chloride (CaCl,) 1s produced as a by-product during this
process. (5) When the above process 1s used in industrial
fields, calctum oxide and carbon dioxide used in the process
can be supplied by calcinating calcium carbonate at high
temperature.

[0006] This process can be applied to the actual atmo-
spheric carbon dioxide capture to convert carbon dioxide
into sodium carbonate, but 1t has disadvantages in that (a)
calcium chloride 1s produced as a final by-product, and (b)
pretreatment with high heat energy for reuse of ammoma
and additional compounds such as calcium carbonate are
necessary. Therefore, research on a new system which can
compensate these disadvantages i1s desperately needed.
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DETAILED DESCRIPTION OF TH.
INVENTION

L1

Technical Problem

[0009] The present mvention provides a method for pre-
paring a carbonate salt which can produce a pure carbonate
salt without by-products by capturing carbon dioxide from
the atmosphere.

Technical Solution

[0010] One embodiment of the present invention provides
a method for preparing a carbonate salt using an apparatus
that comprises an anode chamber; a cathode chamber, which
1s separated from the anode chamber by a cation exchange
membrane; an anode disposed 1n the anode chamber; and a
cathode disposed 1n the cathode chamber, the method com-
prising the steps of:

[0011] supplying an aqueous solution containing an alkali
metal salt or an alkaline earth metal salt to the anode
chamber:

[0012] supplying a carbon dioxide and a capturing solu-
tion to the cathode chamber; and

[0013] applying a voltage to the anode and the cathode
such that the cations separated from the aqueous solution
containing an alkali metal salt or an alkaline earth metal salt
move toward the cathode chamber through the cation
exchange membrane

[0014] Inthe above, the capturing solution having a molar
concentration of 2 M to 10 M may be used. In addition, an
ammonia solution may be used as the capturing solution.

[0015] In the above, an external voltage of 2 V to 10 V
may be applied to the anode and the cathode.

[0016] The preparation method above may further com-
prise discharging a precipitate from the cathode chamber.

Advantageous Eflects

[0017] The method for preparing a carbonate salt accord-
ing to one embodiment of the present invention can provide
a useiul material by implementing a carbon dioxide capture
method via a capturing agent such as ammonia with an
clectrolytic device to produce a carbonate salt, and thus
capturing carbon dioxide from the atmosphere. Further, the
preparation method may produce a pure carbonate salt
without generating by-products using electric energy, and at
the same time, the capturing agent may be reused without
any additional process. Furthermore, the preparation method
may selectively provide a carbonate salt 1n the desired form
by adjusting the pH of a solution containing the carbonate
salt using the electrolysis of water.
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BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 1s a schematic diagram showing an appa-
ratus for producing carbonate salt according to one embodi-
ment.

[0019] FIG. 2 1s data showing XRD (X-ray diffraction)
analysis results of precipitates generated in the cathode
chamber when aqueous solutions of sodium chlornide and
sodium sulfate are used as an aqueous solution containing an
alkali metal salt or an alkaline earth metal salt, and an
ammonia solution 1s used as a capturing solution.

L1

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

[0020] Heremafter, the method for preparing a carbonate
salt according to one embodiment of the present invention
will be described 1n detail with reference to the accompa-
nying drawings. However, these Examples are presented for
illustrative purposes only and the scope of the invention are
not intended to be limited by these Examples.

[0021] The method for preparing a carbonate salt accord-
ing to one embodiment of the present invention may provide
a carbonate salt by using an apparatus for producing car-
bonate salt with the application of an electrolytic device. As
used herein, the term carbonate salt refers to all salts
including CO,>", and therefore, the carbonate salt includes
all salts including carbonate ions (CO,*") and bicarbonate
ions (HCO,7).

[0022] With reference to FIG. 1, the apparatus for pro-
ducing carbonate salt includes two chambers separated by a
cation exchange membrane (CEM). Among the two cham-
bers, a chamber disposed with an anode 1s referred to as an
anode chamber, and a chamber disposed with a cathode 1s
referred to as a cathode chamber.

[0023] Various types of electrodes applicable to an elec-
trolytic device or a fuel cell, etc. can be used as the anode
and the cathode. For example, an electrode including an
clectrode substrate and a catalyst coated onto the electrode
substrate may be used as the anode and the cathode. A
carbon cloth and the like may be used as the electrode
substrate, and the catalyst may be selected from the group
consisting of platinum (Pt), ruthenium (Ru), osmium (Os),
palladium (Pd), inndium (Ir), carbon (C), other transition
metals, and a mixture thereof.

[0024] In addition, various types of cation exchange mem-
branes applicable to an electrolytic device or a fuel cell, etc.
may all be used as the cation exchange membrane. As for
such cation exchange membranes, for example, Nafion
available from DuPont or CMX 10n exchange membranes
available from Tokuyama Co., Ltd., both of which are
commercially available, may be used.

[0025] The apparatus for producing carbonate salt may
turther include a component commonly employed 1n an
clectrolytic device and the like, 1n addition to the component
described above.

[0026] The method for preparing a carbonate salt includes
first supplying an aqueous solution containing an alkali
metal salt or an alkaline earth metal salt (heremaftter, referred
to as an aqueous solution of a salt) to the anode chamber, and
supplying carbon dioxide and a capturing solution to the
cathode chamber.

[0027] The aqueous solution of the salt supplied to the
anode chamber 1s an aqueous solution containing cations to
be supplied to the cathode chamber. Therefore, an aqueous
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solution of a suitable salt may be selected according to
cations of a carbonate salt to be produced. The aqueous
solution of the salt may be any water source containing salts
such as seawater, sewage, wastewater or industrial water, as
long as 1t contains the desired cations. As a result, a
high-value-added carbonate salt can be produced from car-
bon dioxide simultaneously with the desalination of the
aqueous solution of the salt such as seawater, sewage,
wastewater or industrial water.

[0028] Specifically, an aqueous solution containing a
sodium salt, a magnesium salt, a potassium salt, a calcium
salt and a mixture thereof may be used as the aqueous
solution of the salt. When preparing sodium carbonate used
as a pretreatment agent for biofuels by the method for
preparing a carbonate salt according to one embodiment, an
aqueous solution of sodium chloride, an aqueous solution of
sodium sulfate and a mixture thereof may be used as the
aqueous solution of the salt.

[0029] The cathode chamber 1s a chamber 1n which carbon
dioxide 1s captured and 1onized.

[0030] This cathode chamber 1s supplied with an aqueous
solution 1n which a capturing agent capable of capturing
carbon dioxide 1s dissolved. The cathode chamber may be
supplied with an aqueous solution 1n which a previously
prepared capturing agent 1s dissolved, or may be indepen-
dently supplied with a capturing agent and water.

[0031] The capturing solution may be prepared at an
appropriate concentration depending on the amount of car-
bon dioxide to be supplied and the amount of carbonate salt
to be produced. The capturing solution may be prepared at
a molar concentration of, for example, 2 M to 10 M or 3 M
to 6 M, thereby preparing a carbonate salt 1n an appropnate
time. If the molar concentration of the capturing solution 1s
beyond the above range, there 1s a possibility that the
production time of the carbonate salt 1s excessively long, or
that a salt containing the cation of the capturing agent 1s
generated, thereby reducing a production amount of the
carbonate salt containing an alkali metal or an alkaline earth
metal.

[0032] Any capturing agents known 1n the art to which the
present mnvention pertains may be used without limitation as
long as they can selectively capture carbon dioxide. For
example, ammonia may be used as the capturing agent.

[0033] Carbon dioxide gas may be 1njected into the cath-
ode chamber. The order of supply of the capturing solution
and carbon dioxide described above 1s not limited. The
capturing solution may be first supplied, and subsequently
carbon dioxide gas may be injected into the capturing
solution, or the capturing solution and carbon dioxide gas
may be simultaneously supplied to the cathode chamber.

[0034] When the capturing solution and carbon dioxide
meet, the capturing agent can capture and 1onize carbon
dioxide to form carbonate 10ns and the like. In one example,
when an ammonia solution 1s used as the capturing solution,
carbon dioxide 1onizes to carbonate 1ons and binds to
ammonium cations to produce ammonium carbonate ((NH,)

,CO;), ammonium bicarbonate (NH,HCO;) or ammonium
carbamate (NH,COONH,).

[0035] In a conventional process, when an ammonium
carbonate-based compound is produced, sodium bicarbonate
was obtammed along with ammonium chloride as a by-
product by adding a solution of sodium chloride containing
both cations and anions. However, the method for preparing
a carbonate salt according to one embodiment can prepare a
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carbonate salt without generating by-products by supplying
pure cations into the cathode chamber, 1n which carbonate
ions and the like are formed, using electric energy.

[0036] Specifically, the aqueous solution of the salt is
supplied to the anode chamber, carbon dioxide and the
capturing solution is supplied to the cathode chamber, and
then an appropriate voltage i1s applied to the anode and the
cathode, thereby producing a pure carbonate salt without
generating by-products.

[0037] When the appropriate voltage 1s applied to the
anode and the cathode, the cations separated from the
aqueous solution of the salt present in the anode chamber
move toward the cathode due to the electrical property
thereot, and the anions separated from the aqueous solution
of the salt move toward the anode. Theretore, the cations
separated from the aqueous solution of the salt move toward
the cathode chamber through the cation exchange mem-
brane. Here, since the anions of the aqueous solution of the
salt cannot pass through the cation exchange membrane,
by-products derived from the capturing agent, for example,
an ammonium salt and the like are not formed 1n the method
for preparing a carbonate salt. The cations moved toward the
cathode chamber may form a carbonate salt with a carbonate
ion or a bicarbonate 1on 10nized from carbon dioxide.

[0038] The voltage applied to the anode and the cathode
may be appropriately adjusted such that the cations sepa-
rated from the aqueous solution of the salt move toward the
cathode chamber through the cation exchange membrane. In

one example, the external voltage applied to the anode and
the cathode may be adjusted to 2 V or higher, 2 V to 10 V
or 5Vt 10 V.

[0039] As described above, when a voltage 1s applied to
the anode and the cathode such that the cations of the
aqueous solution of the salt move toward the cathode
chamber through the cation exchange membrane, the elec-
trolysis of water may occur in the anode and the cathode.
When the electrolysis of water occurs 1n the anode and the
cathode, 1n the cathode, water 1s reduced and converted 1nto
hydrogen gas and hydroxide 1on (OH™), and 1n the anode,
water 1s oxidized, and oxygen gas and hydrogen 1on (H™) are
generated.

[0040] On the other hand, the carbonate 10ns or bicarbon-
ate 10ns 1onized from carbon dioxide 1n the cathode chamber
may predominantly exist depending on the pH of the solu-
tion 1n which they are dissolved. Specifically, when the pH
of the solution 1s 10 or higher, the carbonate 10ns predomi-
nantly exist, and when the pH of the solution 1s 10 or less,
the bicarbonate 1ons may predominantly exist.

[0041] Therefore, the desired form of the carbonate salt
may be selectively obtained by adjusting the concentration
of hydroxide 1ons (OH™) generated by electrolysis in the
cathode chamber. Specifically, when the pH of the cathode
chamber 1s adjusted to 10 or higher by controlling the
concentration of hydroxide 1ons generated by electrolysis, a
salt containing carbonate 1ons 1n the form of M,CO, and
M'CO; may be predominantly obtained, and when the pH of
the cathode chamber 1s adjusted between 6 to 10, a salt
containing bicarbonate 1ons 1 the form of MHCO, and
M'(HCO,), may be predominantly obtained. Here, M 1s a
monovalent cation of an alkali metal, and M' 1s a divalent
cation of an alkaline earth metal.

[0042] Since the desired form of the carbonate salt may be
obtained by the concentration of the hydroxide ions gener-
ated by electrolysis 1n the cathode chamber as described
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above, the desired form of the carbonate salt may be
selectively prepared by controlling the voltage applied to the
anode and the cathode.

[0043] In a conventional method for preparing carbonates,
calcination by which sodium bicarbonate and the like 1s
treated at a high temperature was required 1n order to obtain
the desired form of a carbonate salt. However, 1n the method
for preparing a carbonate salt according to one embodiment
above, the desired form of the carbonate salt can be selec-
tively obtained by merely adjusting the pH of the cathode
chamber. The method for preparing a carbonate salt accord-
ing to one embodiment of the present invention may include
adjusting the pH by adding a hydroxide to the cathode
chamber, separately from adjusting the range of voltages
applied to the anode and cathode.

[0044] On the other hand, the hydrogen 1ons generated by
the electrolysis of water 1n the anode chamber may bind to
the anions of the aqueous solution of the salt to generate an
acid product of hydrochloric acid or sulfuric acid, etc.

[0045] When the appropriate voltage 1s applied to the
anode and the cathode disposed respectively in the anode
chamber to which the aqueous solution of the salt 1s supplied
and the cathode chamber to which the capturing solution and
carbon dioxide are supplied as described above, a carbonate
salt may be produced. Here, the capturing agent forms a salt
by capturing and 1omzing carbon dioxide, and 1s regenerated
without any additional process as a carbonate salt 1s pro-
duced, and thus 1s able to continuously capture and 1onmize
carbon dioxide.

[0046] In one example, 11 the aqueous solution of ammo-
nia 1s used as the capturing solution, ammonia captures and
ionizes carbon dioxide and then 1s regenerated back to
ammonia without any additional process, thereby being able
to continuously capture and 1onize carbon dioxide.

[0047] Specifically, when ammonia solution and carbon
dioxide are supplied to the cathode chamber, ammonia
captures and 1onizes carbon dioxide, and thus, ammonium
carbonate or ammonium bicarbonate in a state of being
dissolved 1n water may be formed. Thereafter, a carbonate
salt 1s formed as the ammonium cations of the ammonium
carbonate or ammomum bicarbonate are replaced by the
cations supplied from the anode chamber, and the ammo-
nium cations are deprotonated and may be regenerated back
to ammonia. The regenerated ammonia may again be used
for capturing and i1onizing carbon dioxide.

[0048] In a conventional process, when an ammonium
carbonate-based compound was produced, an ammonium
cation which 1s substituted by a sodium cation formed an
ammonium chloride with a chloride 1on by adding a solution
of sodium chloride and the like contaiming both cations and
anmions. In order to regenerate ammonia from such ammo-
nium chloride, additional processes of adding calcium oxide,
which 1s an additional compound, to ammonium chloride,
and reacting at a high temperature were required. Specifi-
cally, the reaction between ammonium chloride and calcium
oxide also caused a problem of forming calctum chloride as
a by-product 1 addition to ammonia. However, in the
method for preparing a carbonate salt according to one
embodiment, by-products derived from the capturing agent
are not formed as pure cations are supplied to the cathode
chamber using electric energy, and thus, the capturing agent
may be reused without any additional process, thereby
cllectively providing a carbonate salt.
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[0049] When the appropriate voltage 1s applied to the
anode and the cathode while injecting carbon dioxide as
described above, the produced carbonate salt may be pre-
cipitated. The method for preparing a carbonate salt accord-
ing to one embodiment above may include discharging the
precipitate from the cathode chamber 1n order to separate the
produced carbonate salt from the capturing solution. For this
purpose, the cathode chamber having a discharge port
formed at the bottom may be used.

[0050] In one example, a precipitate was obtained from
the cathode chamber using the apparatus for producing
carbonate salt shown in FIG. 1 by supplying aqueous
solutions of sodium chloride and sodium sulfate to the anode
chamber as the aqueous solution of the salt, supplying the
ammonia solution and carbon dioxide to the cathode cham-
ber, and subsequently applying the appropriate voltage to the
anode and the cathode such that the cations separated from
the aqueous solution of the salt move toward the cathode
chamber through the cation exchange membrane. An XRD
(X-ray diffraction) analysis was performed to identily the
components of the precipitate. As a result of the XRD
analysis, 1t was confirmed that the solid materials precipi-
tated 1n the cathode chamber were sodium bicarbonate and
sodium carbonate monohydrate (Na,CO; H,O). Sodium
carbonate has recently been used as a pretreatment agent 1n
the production of biofuels. Therefore, 1t was confirmed that
a high-value-added carbonate salt can be prepared without
generating by-products from carbon dioxide by using the
above-described method.
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1. A method for preparing a carbonate salt using an
apparatus that comprises an anode chamber; a cathode
chamber, which 1s separated from the anode chamber by a
cation exchange membrane; an anode disposed 1n the anode
chamber; and a cathode disposed in the cathode chamber, the
method comprising the steps of:

supplying an aqueous solution containing an alkali metal

salt or an alkaline earth metal salt to the anode cham-
ber:

supplying a carbon dioxide and a capturing solution to the

cathode chamber; and

applying a voltage to the anode and the cathode such that
the cations separated from the aqueous solution con-
taining an alkali metal salt or an alkaline earth metal
salt move toward the cathode chamber through the
cation exchange membrane.

2. The method for preparing a carbonate salt of claim 1,

wherein the capturing solution has a molar concentration of
2 M to 10 M.

3. The method for preparing a carbonate salt of claim 1,
wherein the capturing solution 1s an ammonia solution.

4. The method for preparing a carbonate salt of claim 1,
wherein an external voltage of 2 V to 10 V 1s applied to the
anode and the cathode.

5. The method for preparing a carbonate salt of claim 1,
turther comprising discharging a precipitate from the cath-
ode chamber.
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