w0 2025/005607 A1 |0 0000 KRN0 Y0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert <
A i >
International Bureau = (10) International Publication Number
(43) International Publication Date ——/ WO 2025/005607 A1

02 January 2025 (02.01.2025) WIPOIPCT

(51) International Patent Classification: Young Ju; 116 Gaenggogae-ro, Chungju-si, Chungcheong-
BOI1D 46/00 (2006.01) BO1D 47/02 (2006.01) buk-do 27372 (KR).
(21) International Application Number: (74) Agent: PLUS INTERNATIONAL IP LAW FIRM; 10F,
PCT/KR2024/008706 809, Hanbat-daero, Seo-Gu, Daejeon 35209 (KR).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
24 June 2024 (24.06.2024) kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, M, JO, JP, KE,
KG, KH, KN, KP, KW, KZ, LA, LC, LK, LR, LS, LU, LY,

(25) Filing Language: English

(30) Priority Data:

10-2023-0082608 27 June 2023 (27.06.2023) KR MA, MD, MG, MK, MN, MU, MW, MX. MY, MZ, NA.,

(71) Applicant: HANBAT NATIONAL UNIVERSITY NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
INDUSTRY-ACADEMIC COOPERATION FOUN- RS, RU,RW, SA, SC, 8D, SE, SG, SK, SL, ST, SV, Y, TH,
DATION [KR/KR]; 125 Dongsco-dacro, Yuseong-gu, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
Dacjeon 34158 (KR). ZA. ZM, ZW.

(72) Inventors: CHOIL, Won San; 107 Dunsan l-ro, Bong- (84) Designated States (unless otherwise indicated, for every
dong-cup, Wanju-gun, Jeonbuk-do 55320 (KR). JUNG, kind of regional protection available): ARTIPO (BW, CV,
GH, GM,KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST,

(54) Title: WET AIR FILTERS FOR REMOVING FINE DUST AND VOLATILE ORGANIC COMPOUNDS AND DUST COL-
LECTION DEVICES INCLUDING THE SAME

. Hysirqp?gii;n fHier (MENPdop/PEL brath)
. S

Pdap PEF brush

A MES/Pdop/PEL brush
2 Hydrophobic filter (PUS/CS/POMS)
PEMS

PUSHCS PUSICH/PDVS
VAT (Warer ol Bhery

(57) Abstract: The present disclosure relates to a wet air filter including: a core-shell composite porous member that includes a hy-
drophilic porous member and a hydrophobic porous member formed on an outer peripheral surface of the hydrophilic porous member;
a housing that accommodates the composite porous member; and a liquid layer that is filled between the composite porous member and
the housing, and a dust collection device including the same, thereby simultaneously removing fine dust and volatile organic compounds
contained in the air at a rapid rate and improving lifespan and safety.

[Continued on next page]



WO 2025/005607 A {11000 0000000 OO0 0 0O

SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ. TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



[1]

[2]

[3]

[4]

[5]

WO 2025/005607 PCT/KR2024/008706

Description
Title of Invention: WET AIR FILTERS FOR REMOVING
FINE DUST AND VOLATILE ORGANIC COMPOUNDS AND

DUST COLLECTION DEVICES INCLUDING THE SAME
Technical Field

The present disclosure relates to a wet air filter for removing fine dust and volatile
organic compounds and a dust collection device including the same.
Background Art

The generation amount of fine dust (particulate matter (PM)) is increasing worldwide
due to combustion of biomass, vehicle emissions, and industrial emissions. Continuous
exposure to the fine dust may cause various health problems such as a respiratory tract
and cardiovascular diseases. Depending on the size of the particle, the fine dust may
be classified into fine dust (PM10) with a diameter smaller than 10 mm, ultra-fine dust
(PM2.5) with a diameter smaller than 2.5 mm, and nanoscale ultra-fine dust (PM0.3)
with a diameter smaller than 0.3 mm. Among them, PM2.5 and PMO.3 are particularly
small in size, so the fine dust easily enters the human body through the respiratory tract
and accumulates in the human body.

Meanwhile, volatile organic compounds (VOC), which collectively refer to liquid
or gaseous organic compounds that are emitted from industry and easily evaporate
into the atmosphere due to their low boiling point, are carcinogenic substances, and
therefore, are very harmful to the human body. The VOC not only causes odors,
but also generates toxic by-products, such as ozone, OH radicals, and NOx, through
photochemical reactions, which may pose a fatal risk to the human body.

Therefore, it is very important to develop an air filter that may purify polluted air by
filtering volatile organic compounds and fine dust contained in the air.

However, the conventionally commercialized dry air filter has a problem in that as
particles accumulate in the filter when the dry air filter is used for a long period of
time and the pressure drop of the filter increases, energy consumption increases and
lifespan of a filter decreases and has limitations in quickly removing the fine dust and
volatile organic compounds. Therefore, there is a need to develop an air filter capable
of improving lifespan and purifying air by quickly filtering fine dust and volatile

organic compounds.
Disclosure of Invention
Technical Problem
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An object of the present disclosure provides a wet air filter capable of quickly
removing fine dust and volatile organic compounds and a dust collection device
including the same.

Another object of the present disclosure provides a wet air filter with improved
lifespan and safety and a dust collection device including the same.

Solution to Problem

In one general aspect, a wet air filter includes: a core-shell composite porous member
that includes a hydrophilic porous member and a hydrophobic porous member formed
on an outer peripheral surface of the hydrophilic porous member; a housing that
accommodates the composite porous member; and a liquid layer that is filled between
the composite porous member and the housing.

At one end of the wet air filter, only an area of the hydrophilic porous member may
be open, and at the other end, the entire area may be open.

The hydrophobic porous member may be manufactured by performing carbon
particle reinforcing treatment on a porous foam and then performing hydrophobic
treatment on the carbon particle reinforced porous foam.

The hydrophobic porous member may be manufactured by performing hydrophobic
treatment on a surface of the porous foam and a surface of a foam cell.

The hydrophobic treatment may include impregnating the carbon particle reinforced
porous foam into a siloxane-based polymer solution.

The carbon particle reinforcement may be treated with carbon particles containing
any one or two or more selected from charcoal, carbon nanotube, graphite, fullerene,
and amorphous carbon.

The hydrophilic porous member may be manufactured by (a) impregnating a porous
foam into a polymerization solution containing dopamine and polymerizing the porous
foam to coat a surface with a dopamine-based polymer; and (b) impregnating the
porous foam coated with the dopamine-based polymer into a solution containing an
amine group-containing compound to manufacture the hydrophilic porous member.

A density d; of the hydrophilic porous member and a density d, of the hydrophobic
porous member may satisfy Expression 1 below.

[Expression 1]

dp>d,

The wet air filter may further include a perforated guard located between the outer
peripheral surface of the composite porous member and the housing.

A water contact angle of a surface of the hydrophilic porous member may be 50° or
less, and a water contact angle of a surface of the hydrophobic porous member may be

100° or more.
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The present disclosure includes a filtration method using a wet air filter.

The filtration method using a wet air filter includes: injecting gas or aerosol
containing impurities into one side of the hydrophilic porous member of the wet air
filter of any one of claims 1 to 10; removing the impurities by sequentially diffusing
the gas or aerosol from the hydrophilic porous member to the liquid layer through
the hydrophobic porous member; and discharging the gas or aerosol from which the
impurities are removed to an outside of the wet air filter.

The impurities may include fine dust, volatile organic compounds (VOC), or
combinations thereof.

In another general aspect, a dust collection device includes the wet air filter described
above.

The dust collection device may operate spontaneously without any external energy.

In still another general aspect, a core-shell composite porous member includes: a
hydrophilic porous member; and a hydrophobic porous member that is formed on an
outer peripheral surface of the hydrophilic porous member.

The hydrophobic porous member may be manufactured by performing carbon
particle reinforcing treatment on a porous foam and then performing hydrophobic
treatment on the carbon particle reinforced porous foam.

The hydrophobic porous member may be manufactured by performing hydrophobic
treatment on a surface of the porous foam and a surface of a foam cell.

The hydrophobic treatment may include impregnating the carbon particle reinforced
porous foam into a siloxane-based polymer solution.

The carbon particle reinforced porous foam may reinforce the surface of the porous
foam by being treated with any one or two or more carbon particles selected from
charcoal, carbon nanotube, graphite, fullerene, and amorphous carbon.

The hydrophilic treatment may include: (a) impregnating a porous foam into a
polymerization solution containing dopamine and polymerizing the porous foam to
coat a surface with a dopamine-based polymer; and (b) impregnating the porous foam
coated with the dopamine-based polymer into a solution containing an amine group-
containing compound to prepare the hydrophilic porous member.

A density d; of the hydrophilic porous member and a density d, of the hydrophobic
porous member may satisfy Expression 1 below.

[Expression 1]

dp>d,
Advantageous Effects of Invention
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According to a wet air filter and a dust collection device including the same
according to the present disclosure, it is possible to quickly remove fine dust and
volatile organic compounds.

In addition, it is possible to provide a wet air filter with improved lifespan and safety
and a dust collection device including the same.

Brief Description of Drawings

FIG. 1(a) is a schematic diagram illustrating a wet air filter and a manufacturing
method thereof according to an embodiment, FIG. 1(b) is a photograph of a core-shell
composite porous member according to an embodiment, FIG. 1(c) is a photograph
measuring a water contact angle of a hydrophobic porous member, FIG. 1(d) is
a photograph measuring a water contact angle of a hydrophilic porous member,
and FIGS. 1(e) to 1(i) are photographs illustrating a wet air filter according to an
embodiment.

FIGS. 2(a) to 2(f) are scanning electron microscope (SEM) photographs of a core-
shell composite porous member according to an embodiment, FIGS. 2(g) to 2(j) are
energy dispersive X-ray spectroscopy (EDX) spectra of the core-shell composite
porous member, and FIGS. 2(k) and 2(1) are diagrams illustrating Fourier-transform
infrared spectroscopy (FT-IR) spectra of the core-shell composite porous member.

FIG. 3(a) is a photograph illustrating a filtration method using a wet air filter
according to an embodiment, and FIGS. 3(b) to 3(d) are graphs measuring fine dust
removal efficiency of the wet air filter according to an embodiment.

FIGS. 4(a) to 4(f) are graphs measuring the fine dust removal efficiency of the wet
air filter according to an embodiment.

FIGS. 5(a) to 5(c) are graphs measuring a change in fine dust concentration
according to operating time of the wet air filter according to an embodiment, and
FIGS. 5(d) and 5(e) are graphs measuring the fine dust removal efficiency according to
air injection speed, and FIG. 5(f) is a graph measuring pressure drop according to the
air injection speed.

FIGS. 6(a) to 6(d) are graphs measuring long-term fine dust removal performance
and resulting pressure drop of the wet air filter and a HEPA filter (H13 grade)
according to an embodiment.

FIG. 7(a) is a photograph illustrating the filtration method using a wet air filter
according to an embodiment, and FIGS. 7(b) to 7(d) are graphs measuring volatile
organic compound removal efficiency of the wet air filter according to an embodiment.

FIGS. 8(a) and 8(b) are photographs illustrating results of a bacterial growth

experiment of the wet air filter according to an embodiment, and FIGS. 8(c) to 8(¢e)
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are graphs measuring the volatile organic compounds removal efficiency of the wet air

filter according to an embodiment.

Best Mode for Carrying out the Invention

A wet air filter for removing fine dust and volatile organic compounds and a dust
collection device including the same according to the present disclosure will be
described in detail. General terms that are currently widely used are selected as terms
used in embodiments in consideration of functions in the present specification but
may be changed depending on the intention of those skilled in the art or a judicial
precedent, the emergence of a new technique, and the like. If there is no other
definition in the technical and scientific terms used, they have the meaning commonly
understood by those skilled in the art in the technical field to which the present
disclosure belongs.

In this specification and appended claims, the terms "include" or "have" means that
a feature or element described in the specification is present, and unless specifically
limited, it does not preclude in advance the possibility that one or more other features
or components may be added.

In the present specification and appended claims, singular forms include plural
forms unless the context clearly indicates otherwise. In addition, plural forms include
singular forms unless the context clearly indicates otherwise.

In addition, numerical ranges as used herein include lower and upper limits and all
values within these ranges, increments logically derived from forms and widths of
defined ranges, all values doubly defined, and all possible combinations of upper and
lower limits of numerical ranges defined in different forms. Unless otherwise defined
in the specification of the present disclosure, values out of a numerical range that may
occur due to experimental errors or rounding of values are also included in the defined
numerical range.

The terms "about" and the like used in this specification and the appended claims are
used to encompass tolerance when tolerance exists.

The generation amount of fine dust (particulate matter (PM)) is increasing worldwide
due to combustion of biomass, vehicle emissions, and industrial emissions. Continuous
exposure to the fine dust may cause various health problems such as a respiratory tract
and cardiovascular diseases. Depending on the size of the particle, the fine dust may
be classified into fine dust (PM o) with a diameter smaller than 10 mm, ultra-fine dust
(PM,5) with a diameter smaller than 2.5 mm, and nanoscale ultra-fine dust (PM, ;) with
a diameter smaller than 0.3 mm. Among them, PM, 5 and PM,; may be particularly
small in size, so the fine dust easily enters the human body through the respiratory tract

and accumulate in the human body.
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Meanwhile, volatile organic compounds (VOC), which collectively refer to liquid
or gaseous organic compounds that are emitted from industry and easily evaporate
into the atmosphere due to their low boiling point, are carcinogenic substances, and
therefore, are very harmful to the human body. The VOC not only causes an odor,
but also generates toxic by-products, such as ozone, OH radicals, and NOx, through
photochemical reactions, which may pose a fatal risk to the human body. Therefore,
it is very important to develop an air filter that may purify polluted air by filtering
volatile organic compounds and fine dust contained in the air.

The conventionally commercialized dry air filter has a problem in that as impurity
particles accumulate in the filter when the dry air filter is used for a long period of time
and the pressure drop of the filter increases, energy consumption increases and lifespan
of a filter decreases, and at the same time has limitations in quickly removing the fine
dust and volatile organic compounds.

Accordingly, the present applicant has developed a wet air filter including a
composite porous member in which a hydrophilic porous member and a hydrophobic
porous member are combined to reduce a pressure drop and improve the lifespan, and
quickly and efficiently remove fine dust and volatile organic compounds contained in
gas or aerosol.

The wet air filter according to the present disclosure includes: a core-shell composite
porous member that includes a hydrophilic porous member and a hydrophobic porous
member formed on an outer peripheral surface of the hydrophilic porous member; a
housing that accommodates the composite porous member; and a liquid layer that is
filled between the composite porous member and the housing.

As the liquid layer includes the composite porous member including a hydrophilic
porous member and a hydrophobic porous member formed on the outer peripheral
surface of the hydrophilic porous member and is located between the composite porous
member of the core-shell structure and the housing, impurity-containing gas or aerosol
entering the wet air filter may pass through the composite porous member and move
to the liquid layer. Since the gas or aerosol may move to the liquid layer through the
composite porous member without separate external energy, the energy consumption
required to remove impurities may be significantly reduced.

In addition, the impurities contained in gas or aerosol are dissolved in the liquid
layer, and the amount of impurity particles accumulated in pores of the composite
porous member may be significantly reduced. Therefore, it is advantageous because
the long-term stability and lifespan of the wet air filter may be improved.

By using the composite porous member with the core-shell structure in which
the hydrophobic porous member is located on the outer peripheral surface of the

hydrophobic porous member, liquid components of the liquid layer in contact with the
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hydrophobic porous member does not penetrate into the inside of the composite porous
member, thereby improving impurity removal performance and durability.

In an embodiment, a density d; of the hydrophilic porous member and a density d, of
the hydrophobic porous member may satisfy Expression 1 below.

[Expression 1]

dp>d,

In other words, the hydrophilic porous member has a higher density than the
hydrophobic porous member, so the pressure of the hydrophilic porous member may
be higher than that of the hydrophobic porous member. As a pressure difference
occurs due to a density difference between the hydrophilic porous member and the
hydrophobic porous member, the gas or aerosol introduced into the wet air filter
may spontaneously move from the hydrophilic porous member to the liquid layer
through the hydrophobic porous member even without applying separate external
energy. Therefore, it is possible to significantly reduce the energy required to remove
impurities.

In an embodiment, the wet air filter may further include a perforated guard located
between the outer peripheral surface of the composite porous member and the housing.
The perforated guard may allow enables the gas or aerosol containing impurities to
pass from the composite porous member to the liquid layer and prevent the liquid
component of the liquid layer from penetrating into the inside of the composite porous
member.

In an embodiment, at one end of the wet air filter, only an area of the hydrophilic
porous member may be open, and at the other end, the entire area may be open. As
a more specific example, the gas or aerosol containing impurities may be introduced
into one end of the wet air filter, and the gas or aerosol from which the impurities have
been removed may be discharged through the other end of the wet air filter. At one end
of the wet air filter, only the area of the hydrophilic porous member may be open to
sequentially pass the introduced gas or aerosol through the hydrophilic porous member
and the hydrophobic porous member, thereby improving impurity removal efficiency.

In an embodiment, the hydrophobic porous member may include a porous foam, a
carbon particle layer located on the surface of the porous foam, and a hydrophobic
layer located on the carbon particle layer. Specifically, the hydrophobic porous
member may be manufactured by performing hydrophobic treatment on the surface of
the porous foam and the surface of the foam cell. More specifically, the hydrophobic
porous member may be manufactured by performing carbon particle reinforcing
treatment on the porous foam to prepare a carbon particle layer and then performing

hydrophobic treatment on the surface of the carbon particle reinforced porous foam.
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The carbon particle reinforced porous foam may reinforce the surface of the porous
foam by being treated with one or two or more carbon particles selected from charcoal,
carbon nanotube, graphite, fullerene, and amorphous carbon. In this case, the surface
may be the outer and inner surfaces of the porous foam, or may mean part or all of
the pore surfaces of the porous foam. By performing the carbon particle reinforced
treatment on the porous foam, irregularities are formed on the surface of the porous
foam, thereby improving the impurity filtration effect and absorbing odors derived
from the impurities.

The hydrophobic porous member can be manufactured by impregnating the
carbon particle reinforced porous foam into a siloxane-based polymer solution and
performing the hydrophobic treatment on the carbon particle reinforced porous
foam. The siloxane-based polymer may include one or more selected from the group
including polydimethylsiloxane (PDMS), diphenylpolydimethylsiloxane (DP),
polymethylhydrosiloxane (PMHS), and hexamethyldisiloxane (HMDS), and may be
preferably polydimethylsiloxane (PDMS). By performing the hydrophobic treatment
on the porous foam with irregularities on the surface through the carbon particle
reinforced treatment with the siloxane-based polymer, it is possible to improve the
durability by maximizing the adhesion between the porous foam and the siloxane-
based polymer and minimize the deterioration in the fine dust removal efficiency even
if the impurity removal process is repeated.

In an embodiment, the porous foam includes any one or two or more selected from
the group consisting of a urethane-based resin, a phenol-based resin, a melamine-
based resin, an acrylic resin, a styrene-based resin, an ester-based resin, and an olefin-
based resin, and preferably include the urethane-based resin. Without limitation, the
porous foam may be manufactured by foaming the polyurethane resin, but the present
disclosure is not limited thereto.

In an embodiment, the hydrophilic porous member may include a porous foam,

a dopamine-based polymer layer located on the surface of the porous foam, and an
amine group-containing polymer brush layer located on the dopamine-based polymer
layer.

Specifically, the hydrophilic porous member may be manufactured by (a)
impregnating a porous foam into a polymerization solution containing dopamine
and polymerizing the porous foam and polymerization solution to coat a surface
with a dopamine-based polymer; and (b) impregnating the porous foam coated with
the dopamine-based polymer into a solution containing an amine group-containing
compound to prepare the hydrophilic porous member.

Through step (a) above, the surface of the porous foam may be modified to be

hydrophilic. In step (b), the porous foam coated with the dopamine-based polymer
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may be impregnated into a solution containing an amine group-containing compound,
thereby coating the surface of the porous foam with the amine group-containing
polymer. The amine group-containing polymer may form polymer brushes on the
surface of the porous foam coated with the dopamine-based polymer. The polymer
brushes are collections of polymer chains with one end of the chain fixed to the surface
or interface. The amine group-containing polymer may form the polymer brushes to
secondarily modify the surface of the porous foam coated with the polydopamine.
Therefore, the hydrophilic properties of the hydrophilic porous member may be
maximized.

[70] In a specific example, examples of the amine group-containing
compound may include one or two selected from the group consisting of
diethylenetriamine (DETA), ethylenediamine (EDA), triethylenetetramine
(TETA), tris(2-aminoethyl)amine (TAEA), diethylenetriamineurea (UDETA),
polyethyleneimine, tris(2-aminoethyl)amine and 2,2'-(ethylenedioxy)bi
s(ethylamine), and tris(hydroxymethyl)aminomethane), and preferably include
tris(hydroxymethyl)aminomethane, polyethyleneimine, or a combination thereof, but
the present disclosure is not limited thereto.

[71] In an embodiment, the porous foam may include any one or two or more selected
from the group consisting of a urethane-based resin, a phenol-based resin, a melamine-
based resin, an acrylic resin, a styrene-based resin, an ester-based resin, and an olefin-
based resin, and preferably include the melamine-based resin.

[72] As a non-limiting and specific example, the melamine-based resin may include
melamine formaldehyde, and the porous foam may be prepared by foaming a
melamine formaldehyde pre-condensate using a foaming agent.

[73] The shape of the porous foam used in manufacturing the hydrophobic porous
member and hydrophilic porous member is not particularly limited, and may be
adjusted along with the size depending on the application field, but is preferably
cylindrical, which may improve the impurity removal efficiency.

[74] In an embodiment, the water contact angle of the surface of the hydrophilic porous
member may be 50° or less, preferably 30° or less, most preferably 10° or less,
and without limitation, 0° or more. The water contact angle of the surface of the
hydrophobic porous member may be 100° or more, preferably 110° or more, most
preferably 120° or more, and may be 180° or less without limitation.

[75] In an embodiment, the liquid layer may include any solvent as long as the solvent
may dissolve the impurities contained in gas or aerosol, without limitation, and may
preferably include water. Water may quickly dissolve impurities such as fine dust and
volatile organic compounds, which will be described later, and is non-toxic, so the

stability of the wet air filter may be improved.
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The present disclosure includes a filtration method using a wet air filter. Since
the wet air filter is the same as described above, detailed description thereof will be
omitted.

The filtration method according to the present disclosure includes: injecting gas or
aerosol containing impurities into one side of the hydrophilic porous member of the
wet air filter of any one of claims 1 to 10; removing the impurities by sequentially
diffusing the gas or aerosol from the hydrophilic porous member to the liquid layer
through the hydrophobic porous member; and discharging the gas or aerosol from
which the impurities are removed to an outside of the wet air filter.

As described above, as the gas or aerosol containing impurities is introduced into
the hydrophilic porous member and moves to the liquid layer through the hydrophobic
porous member, the impurities may be removed by being dissolved in the liquid layer,
and the gas or aerosol from which the impurities have been removed may be filter the
impurities out by being discharged to the outside of the wet air filter.

As the wet air filter includes the liquid layer, the impurity particles may dissolved
in the liquid layer without clogging the pores of the composite porous member of the
wet air filter due to the accumulation of impurity particles inside the pores, thereby
preventing the performance from deteriorating even if the impurities are repeatedly
filtered for a long period of time.

In an embodiment, the impurities may include fine dust, volatile organic compounds
(VOC), or combinations thereof that have a very harmful effect on the human body.
Specifically, the fine dust may have various sizes of particles such as fine dust (PM,,
) with a diameter smaller than 10 mm, ultra-fine dust (PM, 5) with a diameter smaller
than 2.5 mm, and nanoscale ultra-fine dust (PM, ;) with a diameter smaller than
0.3 mm. That is, the wet air filter according to the present disclosure may remove
impurities with excellent efficiency regardless of the sizes of the impurity particles.

The dust collection device according to the present disclosure includes the wet air
filter described above. Since the wet air filter is the same as described above, detailed
description thereof will be omitted.

In the wet air filter of the present disclosure, the hydrophilic porous member may
have a higher pressure than the hydrophobic porous member due to a density gradient
between the hydrophobic porous member and the hydrophilic porous member.
Therefore, in the dust collection device including the wet air filter of the present
disclosure, the air or aerosol may move from the hydrophilic porous member to the
liquid layer through the hydrophobic porous member due to the pressure difference,
without applying a separate external force, and spontaneously remove the impurities
contained in air or aerosol. Therefore, it has the advantage of significantly reducing the

energy consumption.
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[83] The core-shell composite porous member according to the present disclosure
includes: a hydrophilic porous member; and a hydrophobic porous member that is
formed on an outer peripheral surface of the hydrophilic porous member.

[84] Since the material, structure, shape, size, etc., of the hydrophilic porous member
and hydrophobic porous member included in the core-shell composite porous member
are the same or similar to those described above, detailed description thereof will be
omitted.

[85] As described above, by adopting the core-shell structure in which the hydrophilic
porous member included in the composite porous member is located in the core and
the hydrophobic porous member is located on the outer peripheral surface of the
hydrophilic porous member, the density gradient of the core and shell allows air or
aerosol to move spontaneously from the core to the shell without any external force.
At the same time, as the shell has hydrophobicity, the hydrophilic substances may be
prevented from penetrating from the shell to the core, thereby improving the durability

and lifespan, and providing the excellent impurity filtration performance.

[86] Hereinafter, the present disclosure will be described in more detail through Inventive
Examples.

[87] (Example 1)

[88] Manufacturing of Hydrophilic Porous Member

[89] A mixed solution containing a sodium acetate solution (205 mg/50 mL), a sodium

metaperiodate solution (112 mg/50 mL), and a dopamine hydrochloride solution (100
mg/50 mL) was prepared. A cylindrical porous melamine resin foam (Basotect®,
BASF) with a diameter of 20 mm and a height of 40 mm was impregnated into the
mixed solution and stirred for 6 hours. Thereafter, the porous melamine resin foam
was taken out, washed three times with distilled water, and dried at 50°C to prepare
the porous melamine resin foam coated with the polydopamine. Thereafter, the porous
melamine resin foam coated with the polydopamine was put in a mixed solution of
tris(hydroxymethyl)aminomethane (10 mM, pH 8.5) and 0.072 g of polyethyleneimine
(PEI), and then was refluxed at 60°C for 3 hours. Thereafter, the porous melamine
resin foam coated with the polydopamine was taken out, washed three times with

distilled water, and dried at 50°C for 12 hours to manufacture the hydrophilic porous

member.
[90] Manufacturing of Hydrophobic Porous Members
[91] Charcoal was burned using candles to obtain carbon particles. 0.3 g of carbon

particles was added to 150 mL of acetone, and sonicated for 1 hour to prepare a carbon
particle dispersion solution in which carbon particles were uniformly dispersed.
Hollow cylindrical porous polyurethane foam having an outer diameter of 40 mm,

an inner diameter of 20 mm, and a height of 40 mm was impregnated into the
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carbon particle dispersion solution and sonicated for 1 hour. Thereafter, the porous
polyurethane foam was taken out from the carbon particle dispersion solution and dried
at a temperature of 50°C for 1 hour to enhance carbon particles.

The carbon particle-reinforced porous polyurethane foam was impregnated in a
polydimethylsiloxane (PDMS, Sylgard 184, Dow Chemical) solution for 1 hour and
then heated at 100°C for 1 hour to prepare a hydrophobic porous member.

Manufacturing of Wet Air Filter

A core-shell composite porous member was manufactured by inserting and
assembling the hydrophilic porous member into the hollow part of the hydrophobic
porous member. In this case, a volume ratio of the hydrophilic porous member and
the hydrophobic porous member was 1:3, An aluminum perforated guard including
24 holes with a diameter of 40 mm was installed under a 250 mL plastic housing. The
diameter of the hole was 6 mm. Thereafter, the composite porous member was inserted
into the aluminum perforated guard so that there were no gaps, and then 30 mL of
water was filled between the housing and the perforated guard to form a liquid layer,
thereby manufacturing the wet air filter.

(Example 2)

A wet air filter was manufactured in the same manner as Example 1, except that the
volume ratio of the hydrophilic porous member and the hydrophobic porous member
was 6:94.

(Example 3)

A wet air filter was manufactured in the same manner as Example 1, except that the
volume ratio of the hydrophilic porous member and the hydrophobic porous member
was 14:86.

(Example 4)

A wet air filter was manufactured in the same manner as Example 1, except that the
volume ratio of the hydrophilic porous member and the hydrophobic porous member
was 2:3.

(Example 5)

A wet air filter was manufactured in the same manner as Example 1, except that the
height of the composite porous member was 2 cm.

(Example 6)

A wet air filter was manufactured in the same manner as Example 1, except that the
height of the composite porous member was 6 cm.

(Example 7)

A wet air filter was manufactured in the same manner as Example 1, except that the
aluminum perforated guard did not include a hole.

(Example 8)
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[108] A wet air filter was manufactured in the same manner as Example 1, except that the
number of holes of the aluminum perforated guard is 12.

[109] (Example 9)

[110] A wet air filter was manufactured in the same manner as Example 1, except that the
number of holes of the aluminum perforated guard is 18.

[111]

[112] (Comparative Example 1)

[113] A wet air filter was manufactured in the same manner as Example 1, except that the
wet air filter did not include a composite porous member and included only a liquid
layer.

[114] (Comparative Example 2)

[115] A wet air filter (All-PUS) was manufactured in the same manner as Example
1, except that only a hydrophobic porous member was inserted into an aluminum
perforated guard.

[116] (Comparative Example 3)

[117] A wet air filter (All-MFS) was manufactured in the same manner as Example
1, except that only a hydrophilic porous member was inserted into an aluminum
perforated guard.

[118] (Comparative Example 4)

[119] A dry air filter was manufactured in the same manner as in Example 1, but did not
contain a liquid layer by not filling water between a housing and a perforated guard.

[120] (Comparative Example 5)

[121] A dry air filter using an H-13 grade HEPA filter was manufactured.

[122] (Comparative Example 6)

[123] A wet air filter was manufactured in the same manner as Example 1, except that the
number of holes of the aluminum perforated guard is 30.

[124] FIG. 1(a) is a schematic diagram illustrating a wet air filter and a manufacturing
method thereof according to Example 1, FIG. 1(b) is a photograph of a core-shell
composite porous member manufactured by the method according to Example 1,
FIG. 1(c) is a photograph measuring a water contact angle of a hydrophobic porous
member, FIG. 1(d) is a photograph measuring a water contact angle of a hydrophilic
porous member, and FIGS. 1(e) to 1(i) are photographs illustrating the wet air filter
manufactured by the method according to Example 1.

[125] Referring to FIGS. 1(a), 1(b), 1(e), and 1(f), the composite porous member having

the core-shell structure may be manufactured by assembling the hydrophilic porous
member manufactured by performing the hydrophilic treatment on the porous foam
and the hydrophobic porous member manufactured by performing the carbon particle

reinforced treatment and the hydrophobic treatment on the porous foam. When the
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gas or aerosol containing impurities is introduced into the wet air filter including the
composite porous member, the gas or aerosol containing impurities may move from
the hydrophilic porous member to the liquid layer through the hydrophobic porous
member. The impurities are dissolved in the liquid layer, and the gas or aerosol from
which the impurities have been removed is discharged to the outside of the wet air
filter, thereby filtering the impurities.

FIGS. 1(c) and 1(d) are photographs measuring the water contact angles of the
hydrophobic porous member and the hydrophilic porous member, respectively. The
water contact angles were measured using a contact angle meter (SEO Phoenix 300
Touch), and the contact angles were measured by dropping water with a volume
of 20 ml on the hydrophobic porous member and the hydrophilic porous member,
respectively. The water contact angle of the hydrophobic porous member was
measured to be 139°, and the water contact angle of the hydrophilic porous member
was measured to be 0°. The difference in the water contact angle between the
hydrophobic porous member and the hydrophilic porous member is stark, so there is
an advantage that the water in the liquid layer does not penetrate into the inside of the
composite porous member.

Referring to FIG. 1(i), since the surface of the hydrophobic porous member in
contact with water does not become wet over time, the water in the liquid layer is
not introduced into the inside of the composite porous member, so it can be seen that
the durability is excellent. FIGS. 1(g) and 1(h) are photographs of the wet air filter
manufactured by the method in Example 1, and it was confirmed that the air moving
into the wet air filter passes through the composite porous member and is discharged to
the liquid layer.

FIGS. 2(a) to 2(c) are scanning electron microscope images observing the surface
of the hydrophilic porous member, FIGS. 2(g) and 2(h) are energy dispersive X-
ray spectroscopy (EDX) spectra of the hydrophilic porous member, and FIG. 2(k) is
a graph showing Fourier-transform infrared spectroscopy (FT-IR) spectrum of the
hydrophilic porous member.

In addition, FIGS. 2(d) to 2(f) are scanning electron microscope images observing
the surface of the hydrophobic porous member, FIGS. 2(i) and 2(j) are energy
dispersive X-ray spectroscopy (EDX) spectra of the hydrophobic porous member,
and FIG. 2(1) is Fourier-transform infrared spectroscopy (FT-IR) spectrum of the
hydrophobic porous member.

The scanning electron microscope and energy dispersive X-ray spectroscopy were
performed using HITACHI's S-4800 device, and the FT-IR spectrum was obtained

using a Sinco Nicolet IS5 instrument.
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Specifically, FIG. 2(a) is an observation of the surface of the melamine resin
foam, and illustrates a three-dimensional porous network structure in which the
melamine resin foam is interconnected, and it was confirmed that the surface has
a smooth surface. Referring to FIG. 2(b) observing the surface of the foam after
immersing the melamine resin foam in a dopamine-containing solution, it can be
seen that the melamine resin foam was coated with the polydopamine. FIG. 2(c)
is a view illustrating a state after synthesis of polyethyleneimine polymer with the
porous melamine resin foam coated with the polydopamine, and it was confirmed that
irregularities are generated on the surface of the porous melamine resin foam coated
with polydopamine, and thus, the polyethyleneimine forms the polymer brushes. It can
be seen that the hydrophilicity was reinforced by sequentially coating the surface of the
porous melamine resin foam with polydopamine and polyethyleneimine.

Likewise, the N content in FIG. 2(g) illustrating the EDX spectrum of the porous
melamine resin foam coated with the polydopamine was only 25.80 atom%, but
in FIG. 2(h) illustrating the EDX spectrum of the hydrophilic porous member
manufactured by synthesizing the polyethyleneimine polymer with the porous
melamine resin foam coated with the polydopamine, the N content increased to 49.03
atom% to confirm that the polyethyleneimine was coated.

FIG. 2(k) is FT-IR spectra of a porous melamine resin foam (MPS), a porous
melamine resin foam coated with polydopamine (MPS/Pdop), and a hydrophilic
porous member (MPS/Pdop/PEI brush), respectively. In the porous melamine resin
foam coated with the polydopamine, absorption peaks were observed at 1329 cm (-
CN-), 1138 cm '(-CN-), and 809 cm'(-NH-), so it could be seen that the polydopamine
is coated on the surface of the porous melamine resin foam. It could be seen that, in the
case of the hydrophilic porous member, the absorption peaks were observed at 3288
cm’' (-NH-) and 1740 cm (C=0), and the polyethyleneimine brush forms a covalent
bond with polydopamine to form the hydrophilic porous member.

FIGS. 2(d) to 2(f) are SEM images observing the surfaces of (d) porous polyurethane
foam, (e) carbon particle reinforced porous polyurethane foam, and (f) hydrophobic
porous member, respectively, and the surface of the polyurethane porous foam, which
had a smooth surface, was subjected to the carbon particle reinforced treatment with
charcoal to form irregularities on the surface of the porous foam. It was confirmed that
the carbon particle reinforced porous foam was immersed in the polydimethylsiloxane
solution, and subjected to the hydrophobic treatment by coating the polydimethylsilox
ane on the surface of the carbon particle reinforced porous foam in a film-like form.

In addition, it could be seen that the pore size of the hydrophobic porous member was
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larger than that of the hydrophilic porous member, and thus, the hydrophilic porous
member had a higher density than the hydrophobic porous member.

Likewise, it could be seen that, in FIG. 2(i) illustrating the EDX spectrum of the
carbon particle reinforced porous polyurethane foam, the carbon particle reinforced
porous polyurethane foam does not contain Si, but in FIG. 2(j) illustrating the EDX
spectrum of the hydrophobic porous member manufactured by treating the carbon
particle-reinforced porous polyurethane foam with the polydimethylsiloxane, Si was
present at 55.05 atom%.

FIG. 2(1) is the FT-IR spectra of porous polyurethane foam (PUS), carbon particle
reinforced porous polyurethane foam (PUS/CS), and hydrophobic porous member
(PUS/CS/PDMS), respectively. The absorption peak of the carbon particle reinforced
porous polyurethane foam overall increased in intensity compared to the absorption
peak of the porous polyurethane foam, but there was no significant difference in the

type of absorption peak. However, absorption peaks at 1258 cm' (Si—CH;), 1078

cm’' (Si-O-Si), and 798 cm' (Si-CH;) were observed only in the hydrophobic porous
member, so It was confirmed that the PDMS implements hydrophobic properties by
bonding to the carbon particle reinforced porous polyurethane foam.

(Experimental Example 1) Evaluation of Fine Dust Removal Performance

As illustrated in FIG. 3(a), after installing the wet air filter manufactured by the
method in Example 1, fine dust was formed by burning an incense stick in a 500 mL
round bottom flask connected to a lower portion of the wet air filter, and then, air was
injected to introduce air containing fine dust into the wet air filter connected to the
round bottom flask. The air that passed through the wet air filter was discharged to the
upper portion of the wet air filter. A fine dust concentration meter was installed on the
upper portion of the wet air filter to calculate the fine dust removal efficiency.

HT-9601 (Dongguan Xintai Instrument, China) was used as the fine dust
concentration meter, and the measured fine dust concentration was confirmed and
adjusted using a KTREBAM-Beta attenuated mass monitor (Met One Instruments,
USA).

The fine dust removal efficiency (PM-RE) was calculated using Expression 2 below.
In Expression 2 below, Cy (mg/cm3) and C,; (mg/cm3) mean the concentration of the
fine dust contained in the air before passing through the air filter and the air discharged
after passing through the air filter, respectively.

[Expression 2]

(Co-Cy)
PM—RE(%):? X100
0
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The pressure drop was measured by installing a differential pressure gauge (TESTO
5101, TESTO, Germany) at an air inlet and an air outlet of the wet air filter.

In detail, FIG. 3(b) is a graph measuring the fine dust removal efficiency of wet air
filters manufactured by the methods in Example 1 (WAF), Comparative Example 1
(Only water), Comparative Example 2 (Hydrophobic filter), and Comparative Example
3 (Hydrophilic filter), and compared to the wet air filters of Comparative Examples 1
to 3, the wet air filter of Example 1 was measured to have higher fine dust (PM10) and
ultra-fine dust (PM2.5) removal efficiency. The wet air filter of Example 1 including
the composite porous member was able to adsorb not only hydrophilic fine dust but
also hydrophobic fine dust to the porous member, thereby improving the fine dust
removal efficiency.

FIG. 3(c) is a graph measuring the removal efficiency of the fine dust (PM10) and
ultra-fine dust (PM2.5) of the wet air filters manufactured by the methods in Examples
1 to 4, and the wet air filter of Example 1, in which a volume ratio of hydrophilic
porous member and hydrophobic porous member is 1:3, showed the most excellent
fine dust and ultra-fine dust removal efficiency.

FIG. 3(d) is a graph measuring the fine dust removal efficiency and pressure drop
of the wet air filters manufactured by the methods in Example 1, Example 5, and
Example 6, and it was confirmed that since the wet air filter of Example 1, in which
the height of the composite porous member was 4 cm, has excellent fine dust and ultra-
fine dust removal efficiency and at the same time has a low pressure drop of 26 Pa at
a wind speed of 0.92 m/s, the a wet air filter with improved performance and lifespan
was implemented.

FIGS. 4(a) to 4(f) are graphs measuring the fine dust removal efficiency by the
method in Experimental Example 1 using the wet air filter manufactured by the
method according to an embodiment. In detail, FIG. 4(a) is a graph measuring the fine
dust removal efficiency of the wet air filter manufactured by the methods according
to Example 1, Example 7, Example 8, and Example 9, and as the number of holes in
the aluminum perforated guard increased, the fine dust removal efficiency improved.
In particular, the wet air filter of Example 1 with 24 holes showed the best fine dust
removal efficiency. Among them, the fine dust removal efficiency of PM2.5 reached
99.0%. Although not illustrated in FIG. 4(a), the wet air filter of Comparative Example
6 in which the number of holes was increased to 30 was unable to perform the fine dust
filtration function due to the penetration of water into the hydrophobic porous member.

FIG. 4(b) is a graph of water in the liquid layer collected and analyzed using an
ultraviolet-visible spectrophotometer (Agilent, Cary 8454) after operating the wet air
filters manufactured by the methods according to Example 1 (WAF), Comparative
Example 2 (All-PUS), and Comparative Example 3 (All-MFES), respectively, by
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the method according to Experimental Example 1. Only in the case of Comparative
Example 3 and Example 1, a peak was detected at a wavelength of 267 nm, which
means that fine dust components exist in the water of the liquid layer. In Comparative
Example 3 using only the hydrophilic porous member, the pore size of the hydrophilic
porous member was smaller than that of the hydrophobic porous member, so the
amount of fine dust that passed through the hydrophilic porous member and moved to
the liquid layer was small. In the case of Comparative Example 2, only a hydrophobic
porous member with large pore size was used, and the amount of fine dust moving

to the liquid layer increased compared to Comparative Example 3. However, in the
case of Example 1 including the composite porous member, air containing fine dust
may move smoothly from the hydrophilic porous member to the hydrophobic porous
member without separate external force due to the density gradient between the
hydrophobic porous member and the hydrophilic porous member. As a result, as the
amount of fine dust dissolved in the liquid layer increases compared to Comparative
Examples 2 and 3, it can be seen that the fine dust removal efficiency is also very
excellent as 96.9%, as illustrated in FIG. 4(c).

FIGS. 4(d) to 4(f) are graphs measuring the fine dust removal efficiency of the wet
air filter manufactured by the methods in Example 1 (WAF-WW) and Comparative
Example 4 (WAF-WOW). In more detail, FIG. 4(d) is a graph measuring the fine dust
removal efficiency when the concentration of PM2.5 contained in the air introduced
into the wet air filter is 400 to 600 pwg/m3, and FIG. 4(e) is a graph measuring the
fine dust removal efficiency when the concentration of PM2.5 contained in the air
introduced into the wet air filter is greater than or equal to 600,000 ng/m3. The fine
dust removal efficiency of Example 1 including the liquid layer was higher than that
of Comparative Example 4 which does not include the liquid layer, and showed high
fine dust removal efficiency even if it contained the high-concentration fine dust.

In particular, referring to FIG. 4(f), in the wet air filter of Example 1, the removal
efficiency of not only PM10, which has a large particle size, but also the removal
efficiency of ultra-fine dust (PMO0.3), which has a very small particle size, was also
measured as 93% or more. This means that the fine dust particles that passed through
the composite porous member may be dissolved in the liquid layer, thereby improving
the ultra-fine dust removal efficiency compared to Comparative Example 4 that does
not include the liquid layer.

FIGS. 5(a) to 5(c) are graphs measuring the change in fine dust concentration
according to the operating time when removing fine dust in the air by the method
according to Experimental Example 1 using the air filter according to Example 1
(WAF-WW), Comparative Example 4 (WAF-WOW), and Comparative Example 5
(Hepa filter), Referring to FIGS. 5 (a) to 5(c), it can be seen that the dry air filters
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of Comparative Examples 4 and 5 have a slower removal rate of PM10 and PM2.5
compared to the wet air filter of Example 1. More specifically, after 30 seconds have
passed since operating the air filter, in the dry air filters of Comparative Examples 4
and 5, the concentration of PM2.5 in the air is greater to or equal to 1000 pg/m3, but
as the wet air filter of Example 1 included the liquid layer, the concentration of PM2.5
in the air decreased to 536 pug/m3 and the fine dust was removed at a significantly
faster rate, and after 60 seconds, the concentration of PM2.5 decreased to 30 pg/m3,
providing the significantly excellent fine dust removal effect compared to Comparative
Examples 4 and 5.

FIGS. 5(d) and 5(e) are graphs measuring fine dust removal efficiency according to
changes in air injection speed and humidity supplied to the wet air filter manufactured
by the methods in Example 1 and Comparative Example 4. Compared to the dry air
filter of Comparative Example 4, which has low humidity, it can be seen that the
wet air filter of Example 1 has high humidity, but has significantly higher fine dust
removal efficiency than that of the dry air filter. FIG. 5(f) is a graph measuring the
pressure drop of the air filter according to the injection speed of air supplied to the
wet air filter manufactured by the method in Example 1. As the air injection speed
increases, the pressure drop within the filter tends to increase. In particular, despite
the high air injection speed, excellent pressure drop was observed, confirming that the
durability of the wet air filter was improved.

FIGS. 6(a) to 6(d) are graphs measuring the long-term fine dust removal performance
of the air filters manufactured by the methods according to Example 1 (WAF-WW),
Comparative Example 4 (WAF-WOW), and Comparative Example 5 (Hepa filter)
and the resulting pressure drop. The evaluation of the long-term fine dust removal
efficiency was performed for 100 cycles, and the PM removal efficiency and pressure
drop were measured every 5 cycles.

As illustrated in FIGS. 6(a) and 6(b), since the wet air filter of Example 1 has the
highest average fine dust removal efficiency and also has a high removal efficiency
of PM2.5 with small particle size, it was confirmed that the removal efficiency is
excellent regardless of the particle size of fine dust, and the increase in pressure
drop during 100 cycles is very low as 3 Pa. On the other hand, as illustrated in FIGS.
6(a) and 6(c), the dry air filter of Comparative Example 4 has low average fine
dust removal efficiency. In particular, the dry air filters tended to have lower fine
dust removal efficiency for PM2.5. The increase in pressure drop was also 6 Pa,
showing a higher increase in pressure drop compared to Example 1. FIG. 6(d) is a
graph measuring the fine dust removal efficiency and pressure drop when fine dust
was removed for 100 cycles using the HEPA filter of Comparative Example 5, and

illustrates that the fine dust removal efficiency was measured to be relatively high,
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but the increase in pressure drop was 22 Pa, which was significantly higher than that
of the wet air filter of Example 1. This is because, in the case of the wet air filter of
Example 1, as impurities such as fine dust pass through the composite porous member
and are dissolved in water, the amount of impurities accumulated in the pores of the
composite porous member is significantly reduced. As a result, even though fine dust
was filtered for a long period of time, the increase in pressure drop was significantly
small. However, in the dry air filters of Comparative Examples 4 and 5, the fine dust
that passed through the filter accumulates in the pores, and therefore, when the fine
dust filtration is repeated, the pores of the filter are clogged by the fine dust and the
increase in pressure drop significantly increases.

Therefore, the wet air filter of the present disclosure not only removes the fine
dust with high efficiency even after repeating the fine dust filtration, but also has
a significantly small increase in pressure drop, improving lifespan and providing

excellent long-term stability.

(Experimental Example 2) Evaluation of Volatile Organic Compound Removal
Efficiency

As illustrated in FIG. 7(a), the wet air filter was installed, the air containing
formaldehyde of a concentration of 5 ppm is injected into the wet air filter, and
then the formaldehyde concentration of the air discharged through the wet air
filter was measured, thereby evaluating the removal efficiency of the volatile
organic compounds. The concentration of the formaldehyde was measured using a
formaldehyde and volatile organic compound meter (BQ16, Trotec GmbH & Co. KG,
Germany), and the removal efficiency of the formaldehyde was calculated in the same
manner as Expression 2 described above.

FIG. 7(b) is a graph measuring the change in formaldehyde concentration according
to the operating time of the air filter manufactured by the methods in Example 1
(WAF-WW) and Comparative Example 4 (WAF-WOW). In the case of the dry air
filter of Comparative Example 4 that did not include the liquid layer, the formaldehyde
was not completely removed even after 90 minutes. On the other hand, the wet air
filter of Example 1 showed excellent formaldehyde removal performance, with the
formaldehyde concentration reaching O ppm within 17 minutes. Referring to the
graph in FIG. 7(c), which illustrates spectrum analyzed with an ultraviolet-visible
spectrophotometer (Agilent, Cary 8454) by removing formaldehyde contained in the
air using the wet air filter of Example 1 and then collecting the water in the liquid
layer, a new peak was detected at 267 nm to confirm that the formaldehyde that had
passed through the composite porous member of the wet air filter was dissolved in

water.
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FIGS. 7(d) to 7(f) are graphs measuring the long-term formaldehyde removal
efficiency of the wet and dry air filters manufactured by the methods in Example 1 and
Comparative Example 4. Specifically, FIGS. 7(d) and 7(e) measure the formaldehyde
removal efficiency when using the wet air filter manufactured by the method in
Example 1, and FIG. 7(f) is a graph measuring the formaldehyde removal efficiency
when using the dry air filter of Comparative Example 4. Referring to FIG. 7(d) to 7(f),
it was confirmed that, when using the wet air filter of Example 1, the concentration
of formaldehyde in the air reaches O ppm within 8 minutes, and even after 50 cycles,
the formaldehyde is completely removed within 13 minutes. On the other hand,
when the dry air filter of Comparative Example 4 was used, it was measured that
the formaldehyde is not completely removed even after 15 minutes elapses, and the
formaldehyde removal performance was significantly lower than that of Example 1.

(Experimental Example 3) Evaluation of Safety of Wet Air Filter

The wet air filter manufactured in Example 1 filtered the formaldehyde contained
in the air for 50 cycles by the method in Experimental Example 2, collected the water
in the liquid layer, coated it evenly on an agar medium (Luria-Bertani (LB) liquid
medium, 25 g/L), and then cultured bacteria at 37°C for 16 hours. The experimental
results are illustrated in FIGS. 8(a) and (b).

In the case of FIG. 8(a) where the distilled water was applied to the agar medium and
the bacteria were cultured, bacterial colonies were formed, but in the case of FIG. 8(b)
where the bacteria were cultured by applying the water in the liquid layer of Example
1 to the agar medium, bacterial colonies were not formed. Therefore, even though
the wet air filter of the present disclosure contains the liquid layer and creates the
environment in which bacteria grow, it can be seen that bacteria do not grow for 50
cycles and thus it is very safe for bacteria growth.

FIG. 8(c) is a graph measuring the concentration of the volatile organic compounds
contained in the air discharged when only the air was injected into the wet air filter
for 10 minutes after injecting air containing 6.44 ppm of volatile organic compounds
(TVOC 6.44 ppm), air containing 1.02 ppm of volatile organic compounds (TVOC
1.02 ppm), and air containing 0.08 ppm of formaldehyde (HCHO 0.08 ppm) into
the wet air filters manufactured by the method in Example 1, respectively, and then
filtering the volatile organic compounds contained in the air for 50 cycles. The
filtration of the volatile organic compounds was performed in the same manner as
Experiment 2 above.

By filtering formaldehyde contained in the air for 50 cycles, the discharged air does
not contain the volatile organic compounds even if the volatile organic compounds are
dissolved in the liquid layer of the wet air filter, and the formaldehyde was measured

at a very low level, close to the concentration of formaldehyde and volatile organic
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compounds contained in laboratory air. Therefore, the volatile organic compounds
dissolved in the liquid layer are not discharged outside the wet air filter, showing that
the wet air filter of the present disclosure is safe.

FIGS. 8 (d) and 8(e) measure the formaldehyde removal efficiency of the wet
air filter of Example 1 and the dry air filter of Comparative Example 4 under the
low-concentrations formaldehyde. Specifically, FIG. 8(d) is a graph measuring the
concentration of formaldehyde contained in the air discharged after passing through
the wet air filter of Example 1 with respect to the formaldehyde concentration (C,

) contained in the air before being injected into the wet air filter, and FIG. 8(e) is a
graph measuring the concentration of formaldehyde contained in the air discharged
after passing through the dry air filter of Comparative Example 4 with respect to the
formaldehyde concentration (Cy) contained in the air before being injected into the
air filter. Since the formaldehyde gas is easily dissolved in water, unlike the dry air
filter of Comparative Example 4, it could be seen that the wet air filter of Example

1 removed formaldehyde more quickly and permanently, and removed the low-
concentration formaldehyde quickly, and is also useful in everyday life.

Therefore, the liquid layer located on the outer peripheral surface of the composite
porous member of the core-shell structure of the present disclosure may increase the
removal efficiency of fine dust and volatile organic chemicals, prevent overloading
within the filter, and also extend the lifespan of the filter, thereby improving the overall
performance of the wet air filter.

Hereinabove, although the present disclosure has been described by specific matters,
exemplary embodiments, and drawings, they have been provided only for assisting in
the entire understanding of the present disclosure. Therefore, the present disclosure is
not limited to the exemplary embodiments. Various modifications and changes may
be made by those skilled in the art to which the present disclosure pertains from this
description.

Accordingly, the spirit of the present disclosure should not be limited to these
embodiments, and the claims and all of modifications equal or equivalent to the claims

are intended to fall within the scope and spirit of the present disclosure.
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Claims

[Claim 1] A wet air filter, comprising:

a core-shell composite porous member that includes a hydrophilic
porous member and a hydrophobic porous member formed on an outer
peripheral surface of the hydrophilic porous member;

a housing that accommodates the composite porous member; and

a liquid layer that is filled between the composite porous member and
the housing.

[Claim 2] The wet air filter of claim 1, wherein at one end of the wet air filter,
only an area of the hydrophilic porous member is open, and at the other
end, the entire area is open.

[Claim 3] The wet air filter of claim 1, wherein the hydrophobic porous member
is manufactured by performing carbon particle reinforcing treatment
on a porous foam and then performing hydrophobic treatment on the
carbon particle reinforced porous foam.

[Claim 4] The wet air filter of claim 1, wherein the hydrophobic porous member
is manufactured by performing hydrophobic treatment on a surface of
the porous foam and a surface of a foam cell.

[Claim 5] The wet air filter of claim 3 or 4, wherein the hydrophobic treatment
includes impregnating the carbon particle reinforced porous foam into a
siloxane-based polymer solution.

[Claim 6] The wet air filter of claim 3, wherein the carbon particle reinforcement
is treated with carbon particles containing any one or two or more
selected from charcoal, carbon nanotube, graphite, fullerene, and
amorphous carbon.

[Claim 7] The wet air filter of claim 1, wherein the hydrophilic porous member is
manufactured by:

(a) impregnating a porous foam into a polymerization solution
containing dopamine and polymerizing the porous foam to coat a
surface with a dopamine-based polymer; and

(b) impregnating the porous foam coated with the dopamine-based
polymer into a solution containing an amine group-containing
compound to prepare the hydrophilic porous member.

[Claim 8] The wet air filter of claim 1, wherein a density (d,) of the hydrophilic
porous member and a density (d,) of the hydrophobic porous member
satisfy Expression 1 below.

[Expression 1]
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[Claim 9] The wet air filter of claim 1, further comprising:

a perforated guard located between the outer peripheral surface of the
composite porous member and the housing.

[Claim 10] The wet air filter of claim 1, wherein a water contact angle of a surface
of the hydrophilic porous member is 50° or less, and
a water contact angle of a surface of the hydrophobic porous member is
100° or more.

[Claim 11] A filtration method using a wet air filter, comprising:
injecting gas or aerosol containing impurities into one side of the
hydrophilic porous member of the wet air filter of any one of claims 1
to 10;
removing the impurities by sequentially diffusing the gas or aerosol
from the hydrophilic porous member to the liquid layer through the
hydrophobic porous member; and
discharging the gas or aerosol from which the impurities are removed to
an outside of the wet air filter.

[Claim 12] The filtration method of claim 11, wherein the impurities include fine
dust, volatile organic compounds (VOC), or combinations thereof.

[Claim 13] A dust collection device comprising the wet air filter of any one of
claims 1 to 10.

[Claim 14] The dust collection device of claim 13, wherein the dust collection
device operates spontaneously without any external energy.

[Claim 15] A core-shell composite porous member, comprising:

a hydrophilic porous member; and
a hydrophobic porous member that is formed on an outer peripheral
surface of the hydrophilic porous member.

[Claim 16] The core-shell composite porous member of claim 15, wherein the
hydrophobic porous member is manufactured by performing carbon
particle reinforcing treatment on a porous foam and then performing
hydrophobic treatment on the carbon particle reinforced porous foam.

[Claim 17] The core-shell composite porous member of claim 15, wherein
the hydrophobic porous member is manufactured by performing
hydrophobic treatment on a surface of the porous foam and a surface of
a foam cell.

[Claim 18] The core-shell composite porous member of claim 16 or 17, wherein
the hydrophobic treatment includes impregnating the carbon particle

reinforced porous foam into a siloxane-based polymer solution.
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[Claim 19] The core-shell composite porous member of claim 16, wherein the
carbon particle reinforced porous foam reinforces the surface of the
porous foam by being treated with any one or two or more carbon
particles selected from charcoal, carbon nanotube, graphite, fullerene,
and amorphous carbon.

[Claim 20] The core-shell composite porous member of claim 15, wherein
the hydrophilic treatment includes:

(a) impregnating a porous foam into a polymerization solution
containing dopamine and polymerizing the porous foam to coat a
surface with a dopamine-based polymer; and

(b) impregnating the porous foam coated with the dopamine-based
polymer into a solution containing an amine group-containing
compound to prepare the hydrophilic porous member.

[Claim 21] The core-shell composite porous member of claim 15, wherein a
density (d;) of the hydrophilic porous member and a density (d,) of the
hydrophobic porous member satisfy Expression 1 below.

[Expression 1]
di>d,
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[ Fig. 4]
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[ Fig. 5]
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