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(57) ABSTRACT

A surface coating layer, in contact with a surface of a base
material of a heat exchanger, comprises a plurality of com-
posite layers comprising a first layer contacting a surface of
the base material, the first layer comprising a first matrix and
afirstnanobody, and a second layer contacting a surface of the
first layer and having an interface with the air, where the first
layer and the second layer each include a different amount by
volume of the first nanobody and the second nanobody,
respectively.

30




Patent Application Publication Jul. 19,2012 Sheet 1 of 7 US 2012/0181004 A1

FIG. 1
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FIG. 2
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FIG. 3
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FIG. 6A
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FIG. 6B
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SURFACE COATING LAYER AND HEAT
EXCHANGER INCLUDING THE SURFACE
COATING LAYER

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2011-0003676, filed Jan. 13, 2011, and
all the benefits accruing therefrom under 35 U.S.C. 119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] A surface coating layer and a heat exchanger includ-
ing the surface coating layer are provided.

[0004] (b) Description of the Related Art

[0005] A cooling device such as a refrigerator or a freezer
lowers the temperature by repetition of the cooling cycle of
compression-condensation-expansion-evaporation of a cool-
ant, such as a fluid refrigerant which may be a liquid, gas, or
a combination of these in equilibrium. The cooling device
operates by increasing the temperature and pressure of the
coolant from a low temperature and low pressure to a high
temperature and high pressure, condensing the coolant under
high temperature and high pressure by air cooling, reducing
the pressure of the condensed coolant, and evaporating the
coolant at reduced pressure and low pressure to absorb heat.
[0006] The cooling device includes a heat exchanger. Since
the surface temperature of the heat exchanger drops below the
freezing point of water during operation, frost may form on
the surface of the heat exchanger especially where hot moist
air passes through the heat exchanger. The formation of frost
onthe heat exchanger may disturb air flow and heat transfer of
the air in a cooling tube, thus decreasing heat exchange effi-
ciency.

SUMMARY OF THE INVENTION

[0007] In an exemplary embodiment, a surface coating
layer is provided that may reduce the formation rate of frost,
or that may rapidly remove formed frost to improve heat
exchange efficiency.

[0008] In another exemplary embodiment,
exchanger includes the surface coating layer.
[0009] In an exemplary embodiment, a surface coating
layer for a heat exchanger formed from a base material is
provided, the surface coating layer comprising a plurality of
composite layers comprising a first layer contacting a surface
of'the base material, the first layer comprising a first compos-
ite of a first matrix and a first nanobody; and a second layer
contacting a surface of the first layer and having an air inter-
face, the second layer comprising a second composite of a
second matrix and a second nanobody and, wherein the first
layer and the second layer each comprise a different amount
by volume of the first nanobody and the second nanobody,
respectively.

[0010] Thefirstlayer may comprise the first nanobody in an
amount of about 30 to about 45 volume % based on the total
volume of the first composite, and the second layer may
comprise the second nanobody in an amount of about 12 to
about 25 volume % based on the total volume of the second
composite.

a heat
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[0011] Thefirstlayer may comprise the first nanobody in an
amount of about 40 volume % based on the total volume of the
first composite, and the second layer may comprise the sec-
ond nanobody in an amount of about 20 volume % based on
the total volume of the second composite.

[0012] The composite layer may further comprise a third
layer positioned between surfaces of the first layer and the
second layer, the third layer comprising a third composite
comprising a third matrix and a third nanobody, the third layer
having a third nanobody content by volume which gradually
decreases from an interface with the first layer to an interface
with the second layer along a thickness dimension of the third
layer.

[0013] The first layer may be a heat transfer layer for heat
exchange from the base material to the air interface of the
second layer, and the second layer may be a water-repellent
layer for suppressing adherence of moisture comprised in the
air.

[0014] Thefirstlayer may have higher thermal conductivity
than the second layer.

[0015] The first layer may have thermal conductivity of
about 1 W/m'K or more.

[0016] The second layer may have a contact angle of about
145° or more and a sliding angle of about 8° or less.

[0017] The second layer may have a thickness of about 100
nm to about 1 um.

[0018] The first, second, and third nanobodies may each
comprise nanotubes, nanofibers, nanowire, nanoparticles,
nanospheres, or a combination comprising at least one of the
foregoing.

[0019] The first, second, and third matrices may each com-
prise a silicon-based polymer, a fluorine-based polymer, a
fluorine-substituted silicon polymer, or a combination com-
prising at least one of the foregoing.

[0020] The first layer and the second layer may each have a
plurality of pores.

[0021] The surface of the second layer at the air interface
may have a protrusion structure formed by the second nano-
body.

[0022] In another exemplary embodiment, a heat
exchanger comprises a base material, and a surface coating
layer comprising a plurality of composite layers formed on a
surface of the base material, the plurality of composite layers
comprising a first layer contacting a surface of the base mate-
rial, the first layer comprising a first composite comprising a
first matrix and a first nanobody, and a second layer contact-
ing a surface of the first layer and having an air interface, the
second layer comprising a second composite comprising a
second matrix and a second nanobody, wherein the first layer
and the second layer each comprise a different amount by
volume of the first nanobody and the second nanobody,
respectively.

[0023] Thefirstlayer may comprise the first nanobody in an
amount of about 30 to about 45 volume % based on the total
volume of the first composite, and the second layer may
comprise the second nanobody in an amount of about 12 to
about 25 volume % based on the total volume of the second
composite.

[0024] The composite layer may further comprise a third
layer positioned between surfaces of the first layer and the
second layer, the third layer comprising a third composite
comprising a third matrix and a third nanobody, the third layer
having a third nanobody content by volume which gradually
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decreases from an interface with the first layer to an interface
with the second layer along a thickness dimension of the third
layer.

[0025] The first layer may have thermal conductivity of
about 1 W/m'K or more, and the second layer may have a
contact angle of about 145° or more and a sliding angle of
about 8° or less.

[0026] The surface coating layer may have a thickness of
about 0.5 pm to about 100 pum, and the second layer has a
thickness of about 100 nm to about 1 pm.

[0027] The nanobody may comprise nanotubes, nanofi-
bers, nanowires, nanoparticles, nanospheres, or a combina-
tion comprising at least one of the foregoing, and the matrix
may comprise a silicon-based polymer, a fluorine-based poly-
mer, a fluorine-substituted silicon polymer, or a combination
comprising at least one of the foregoing.

[0028] In another exemplary embodiment, a heat
exchanger is provided which comprises a base material and a
surface coating layer comprising a plurality of composite
layers formed on a surface of the base material, the plurality
of composite layers comprising a first layer contacting the
surface of the base material and having thermal conductivity
of about 1 W/m-K or more, the first layer comprising a first
composite comprising a first matrix and a first nanobody, and
a second layer contacting a surface of the first layer and
having an air interface, a contact angle of about 145° or more,
and a sliding angle of about 8° or less, the second layer
comprising a second composite comprising a second matrix
and a second nanobody.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic diagram showing a heat
exchanger according to an exemplary embodiment.

[0030] FIG. 2 is a cross-sectional view showing the stack-
ing structure of the heat exchanger of FIG. 1.

[0031] FIG. 3 is a schematic diagram showing the surface
coating layer according to an exemplary embodiment.
[0032] FIG. 4 is a cross-sectional view showing one
example of the stacking structure of the surface coating layer
of FIG. 3.

[0033] FIG. 5 is a cross-sectional view showing another
example of the stacking structure of the surface coating layer
of FIG. 3.

[0034] FIG. 6A is a graph showing the contact angle
according to the amount by volume of nanobody.

[0035] FIG. 6B is agraph showing the sliding angle accord-
ing to the amount by volume of nanobody.

[0036] FIG. 7 is a graph showing thermal conductivity
according to the amount by volume of nanobody.

DETAILED DESCRIPTION

[0037] This disclosure will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments are shown. This disclosure may,
however, be embodied in many different forms and should not
be construed as limited to the exemplary embodiments set
forth herein.

[0038] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises” and/or “comprising,”
when used in this specification, specify the presence of stated
features, regions, integers, steps, operations, elements, and/or
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components, but do not preclude the presence or addition of
one or more other features, regions, integers, steps, opera-
tions, elements, components, and/or groups thereof. All
ranges and endpoints reciting the same feature are indepen-
dently combinable.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0040] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0041] As used herein, “alkyl” refers to a straight or
branched chain saturated aliphatic hydrocarbon having the
specified number of carbon atoms. “Alkenyl” is a straight or
branched chain hydrocarbon that comprises at least one car-
bon-carbon double bond. Similarly, “cycloalkyl” and
“cycloalkenyl” refers to groups including a monovalent
cyclic alkyl and monovalent cyclic alkenyl moiety, respec-
tively. “Alkoxy” refers to an alkyl moiety that is linked via an
oxygen (i.e.,—O-alkyl). Non-limiting examples of C1 to C30
alkoxy groups include methoxy groups, ethoxy groups, pro-
Poxy groups, isobutyloxy groups, sec-butyloxy groups, pen-
tyloxy groups, iso-amyloxy groups, hexyloxy groups, octy-
loxy groups, and the like. The term “alkylene” refers to a
straight, branched or cyclic divalent aliphatic hydrocarbon
group. The term “alkenylene” refers to a straight, branched or
cyclic divalent aliphatic hydrocarbon group containing a
double bond. Similarly, “cycloalkylene” and “cycloalk-
enylene” refers to groups including a divalent cyclic alkyl and
divalent cyclic alkenyl moiety, respectively.

[0042] As used herein “aryl,” means a cyclic moiety in
which all ring members are carbon and at least one ring is
aromatic. More than one ring may be present, and any addi-
tional rings may be independently aromatic, saturated or par-
tially unsaturated, and may be fused, pendant, spirocyclic or
a combination thereof. As used herein, the term “arylene”
refers to a divalent radical formed by the removal of two
hydrogen atoms from one or more rings of an aromatic hydro-
carbon, wherein the hydrogen atoms may be removed from
the same or different rings (preferably different rings), each of
which rings may be aromatic or nonaromatic. As used herein,
“aralkyl” refers to an alkylene group in which one of the
hydrogen atoms of the alkyl is replaced by an aryl group.
Representative aralkyl groups include, for example, a benzyl
group, a phenylethyl group, a diphenylenemethylene group, a
dimethylenephenylene group, and the like. An “aralkylene”
group is an aryl or arylene group linked via an alkyl or
alkylene moiety. The specified number of carbon atoms (e.g.,
C7 to C30) refers to the total number of carbon atoms present
in both the aryl and the alkylene moieties. “Aryloxy” refers to
an aryl moiety that is linked via an oxygen (i.e., —O-aryl).
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[0043] A “heteroalkyl” group is an alkyl group that com-
prises at least one heteroatom covalently bonded to one or
more carbon atoms of the alkyl group. A “heterocycloalkyl”
group is a cycloalkyl group that comprises at least one het-
eroatom covalently bonded to one or more carbon atoms in
the cycloalkyl group. A “heteroaryl” group is a monovalent
carbocyclic ring system that includes one or more aromatic
rings, in which at least one ring member (e.g., one, two or
three ring members) is a heteroatom. For example, in a C3 to
C30 heteroaryl, the total number of ring carbon atoms ranges
from 3 to 30, with remaining ring atoms being heteroatoms.
Multiple rings, if present, may be pendant, spiro or fused.
“Heteroarylene” refers to a divalent radical formed by the
removal of two hydrogen atoms from one or more rings of a
heteroaryl moiety, wherein the hydrogen atoms may be
removed from the same or different rings (preferably the
same ring), each of which rings may be aromatic or nonaro-
matic. A “heteroaralkyl” group is a heteroaryl group linked
via an alkylene moiety; likewise, a “heteroaralkylene” group
is a heteroarylene group linked via an alkylene moiety. The
specified number of carbon atoms (e.g., C3 to C30) refers to
the total number of carbon atoms present in both the aryl and
the alkylene moieties, with remaining ring atoms being het-
eroatoms as discussed above. As used herein, “combination”
is inclusive of blends, mixtures, alloys, reaction products, and
the like.

[0044] As used herein, when a definition is not otherwise
provided, the term “substituted” refers to one substituted with
a substituent selected from a C1 to C30 alkyl group, a C2 to
C30 alkynyl group, a C6 to C30 aryl group, a C7 to C30
alkylaryl group, a C1 to C4 oxyalkyl group, a C1 to C30
heteroalkyl group, a C3 to C30 heteroalkylaryl group, a C3 to
C30 alicyclic group, a C3 to C15 cycloalkenyl group, a C6 to
C30 cycloalkynyl group, a C2 to C30 heterocycloalkyl group,
a halogen (F, Cl, Br, or I), a hydroxyl group, a C1 to C30
alkoxy group, a nitro group, a cyano group, an amino group,
an azido group, an amidino group, a hydrazino group, a
hydrazono group, a carbonyl group, a carbamyl group, a thiol
group, an ester group, a carboxyl group or a salt thereof, a
sulfonic acid or a salt thereof, phosphoric acid or a salt
thereof, or a combination comprising at least one of the fore-
going. Where “fluoro” is used to describe a group such as in
“fluoroalkyl”, “fluoroaryl”, etc. it will be understood that the
group contains at least one fluorine group, or may be com-
pletely fluorinated (i.e., perfluorinated). Also as used herein,
where a substituent such as fluorine is disclosed or implied for
a group, such as “fluoroalkyl”, and “substituted” is also indi-
cated for the group, the group contains both the disclose or
implied substituent and an additional substituent not identical
to the specified substituent.

[0045] Hereinafter, a heat exchanger according to one
exemplary embodiment will be described with reference to
FIG. 1 and FIG. 2.

[0046] FIG. 1 is a schematic diagram showing the heat
exchanger according to one exemplary embodiment, and
FIG. 2 is a cross-sectional view showing the stacking struc-
ture of the heat exchanger of FIG. 1.

[0047] Referring to FIG. 1, the heat exchanger according to
one exemplary embodiment includes a cooling tube 20 and a
plurality of cooling fins 30, wherein a coolant passes through
the cooling tube 20, and hot air, and in particular hot moist air,
passes between the cooling fins 30 so that heat exchange may
occur.
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[0048] Referring to FIG. 2, the stacking structure of the
heat exchanger including the cooling tube 20 and the cooling
fins 30 includes a base material 100 and a surface coating
layer 120 formed on the surface of the base material 100.
[0049] The base material 100 may be formed of a metal
having high thermal conductivity. High thermal conductivity
of a metal, as used herein, means having a thermal conduc-
tivity of about 100 Watts per meter per Kelvin (W/m-K) or
more. Materials having high thermal conductivities include
aluminum (Al), copper (Cu), alloys thereof, and the like, or a
combination comprising at least one of the foregoing, where
combinations may include structural combinations such as
plated structures, laminated structures, assemblies of compo-
nents made from two or more different thermally conductive
materials such as where a tube of one material has a vane
assembly made of a different material attached thereto, or the
like, or a combination comprising these structures.

[0050] The surface coating layer 120 is coated on the sur-
face of the base material 100. The surface coating layer 120
may prevent formation of frost on the surface of the base
material 100, particularly when hot moist air passes through
the heat exchanger. The surface coating layer 120, in addition
to preventing the accumulation of frost, allows for frost which
may accumulate to be readily removed. Removal of any frost
which does accumulate may be accomplished by any known
method, such as sublimation, or by mechanical removal of the
frost.

[0051] The surface coating layer 120 is described referring
to FIG. 3 and FIG. 4.

[0052] FIG. 3 is a schematic diagram showing the surface
coating layer 120 of one exemplary embodiment, and FIG. 4
is a cross-sectional view showing one example of the stacking
structure of the surface coating layer 120 of FIG. 3.

[0053] Stacking structure, as used herein, may be an
ordered structure such as successive layers of the coated
nanobody, an array of substructures such as regularly and
irregularly shaped spheres, cylinders, plates, rods, cones,
tubes, polyhedra including trigonal and tetragonal pyramids,
cubes, bipyramidal structures, dodecahedrons, eicosahe-
drons, or the like, or any combination of these structures,
arranged in a regular pattern in both the plane of the surface
and perpendicular to the surface of the nanobody 505, or may
be irregularly stacked in partially random (as where the sub-
structures are regularly arrayed in an X-y, X-z, or y-z plane but
irregularly stacked in the remaining dimension, or fully ran-
dom agglomeration of any of the above substructures. Inter-
stitial spaces (i.e., pores) may be present in the layer. Com-
binations comprising at least one of the above substructures
may be used.

[0054] The surface coating layer 120 is formed of a com-
posite 50 including a matrix 50a and a nanobody 505.
[0055] The matrix 50a may be formed of, for example, a
silicon-based polymer, a fluorine-based polymer, a fluorine-
substituted silicon polymer, or a combination comprising at
least one of the foregoing polymers.

[0056] The matrix 50a may be formed of a silicon-based
polymer. Useful silicon-based polymers include polyorga-
nosiloxanes including a siloxane repeating unit represented
by the following Chemical Formula 1.

—SIR'R?0—
[0057] InChemical Formula 1,R" and R are eachindepen-

dently a substituted or unsubstituted C1 to C10 alkyl group, a
substituted or unsubstituted C1 to C10 heteroalkyl group, a

Chemical Formula 1
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substituted or unsubstituted C3 to C10 cycloalkyl group, a
substituted or unsubstituted C2 to C10 heterocycloalkyl
group, a substituted or unsubstituted C1 to C10 alkoxy group,
a substituted or unsubstituted C1 to C10 heteroalkoxy group,
a substituted or unsubstituted C3 to C10 cycloalkoxy group, a
substituted or unsubstituted C2 to C10 heterocycloalkoxy
group, a substituted or unsubstituted C2 to C10 alkenyl group,
a substituted or unsubstituted C2 to C10 heteroalkenyl group,
a substituted or unsubstituted C3 to C10 cycloalkenyl group,
a substituted or unsubstituted C2 to C10 heterocycloalkenyl
group, a substituted or unsubstituted C6 to C20 aryl group, a
substituted or unsubstituted C3 to C10 heteroaryl group, a
substituted or unsubstituted C6 to C20 aryloxy group, a sub-
stituted or unsubstituted C3 to C10 heteroaryloxy group, a
substituted or unsubstituted C7 to C20 aralkyl group, a sub-
stituted or unsubstituted C4 to C10 heteroaralkyl group, or a
combination comprising at least one of the foregoing groups.
[0058] The fluorine-substituted silicon polymer may
include siloxane units of Chemical Formula 1 in whichR" and
R? are each independently fluorine, a substituted or unsubsti-
tuted C1 to C10 fluoroalkyl group, a substituted or unsubsti-
tuted C1 to C10 heterofluoroalkyl group, a substituted or
unsubstituted C3 to C10 fluorocycloalkyl group, a substituted
or unsubstituted C2 to C10 heterofluorocycloalkyl group, a
substituted or unsubstituted C1 to C10 fluoroalkoxy group, a
substituted or unsubstituted C1 to C10 heterofluoroalkoxy
group, a substituted or unsubstituted C3 to C10 fluorocy-
cloalkoxy group, a substituted or unsubstituted C2 to C10
heteroftuorocycloalkoxy group, a substituted or unsubsti-
tuted C2 to C10 fluoroalkenyl group, a substituted or unsub-
stituted C2 to C10 heterofluoroalkenyl group, a substituted or
unsubstituted C3 to C10 fluorocycloalkenyl group, a substi-
tuted or unsubstituted C2 to C10 heterofluorocycloalkenyl
group, a substituted or unsubstituted C6 to C20 fluoroaryl
group, a substituted or unsubstituted C3 to C10 heterofluo-
roaryl group, a substituted or unsubstituted C6 to C20 fluo-
roaryloxy group, a substituted or unsubstituted C3 to C10
heterofluoroaryloxy group, a substituted or unsubstituted C7
to C20 fluoroaralkyl group, a substituted or unsubstituted C4
to C10 heterofluoroaralkyl group, or a combination compris-
ing at least one of the foregoing groups.

[0059] The siloxane repeating unit may be combined in
various ways to form a cyclic, linear, or side chain structure,
and the polyorganosiloxane may be a homopolymer, a
copolymer, or a mixture thereof. Combinations of fluorinated
and non-fluorinated siloxane repeating units may be used.
[0060] The polyorganosiloxane may include two or more
kinds of siloxane repeating units, wherein the substituent
bonded to the silicon in the repeating unit represented by the
above Chemical Formula 1 the same or different. The silox-
ane repeating unit may be additionally combined with mono,
di, tri, tetra, penta-, hexa-, etc., alkoxy- or chlorosiloxane
precursors to siloxane units to further increase the branching
of'the polyorganosiloxanes. Monomers such as, for example,
tetraethylorthosilane, tetramethylorthosilane, trimethoxym-
ethyl silane, triethoxysilane, 1.2-bis(trimethoxysilyl)ethane,
and the like, or combinations thereof, may be integrated into
the polysiloxane chain to form a crosslinked structure and
thereby increase the mechanical stability of the polyorganosi-
loxanes.

[0061] The polyorganosiloxane may include, for example,
polydimethyl siloxane, polymethylphenyl siloxane, poly-
diphenyl siloxane, polyfluorosiloxane, polyvinylsiloxane,
polyperfluorophenyl siloxane, or a combination thereof.
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[0062] The fluorine-based polymer may be any polymer
having a fluorine substituent on the polymer backbone, as a
substituent or pendant group, or a combination of these. Fluo-
rine-based polymers may thus have repeating units of substi-
tuted or unsubstituted C2 to C30 fluoroalkylene groups, sub-
stituted or unsubstituted C3 to C30 fluorocycloalkylene
groups, substituted or unsubstituted C6 to C30 fluoroarylene
groups, substituted or unsubstituted C7 to C30 fluoroaralky-
lene groups, or a combination comprising at least one of the
foregoing fluorinated units. The repeating units may be
directly connected to one another by carbon-carbon bonds,
carbonyl groups, or may be connected through heteroatoms
such as oxygen, nitrogen, or sulfur, or combinations compris-
ing at least one of the foregoing. Repeating units may, in some
instances, be connected by functional groups such as ester
linkages, sulfone linkages, ether linkages, sulfide linkages
(thioethers), amine linkages, amide linkages, imide linkages,
or the like, or combinations comprising at least one of the
foregoing. The fluorine-based polymers may include, for
example, poly(tetrafiuoroethylene), poly(vinylidene fluo-
ride), perfluoroalkoxy polymers, (perfluorodiphenyl ethers),
copolymers thereof, or the like, or combinations comprising
at least one of the foregoing polymers. The above polyorga-
nosiloxanes and the aforementioned fluorine-based polymers
may also be used to form fluorinated silicon-based polymers
comprising blocks of silicon-based polymer and fluorine
based polymer.

[0063] The nanobody 505 may include, for example, nano-
tubes, nanofibers, nanowires, nanoparticles, nanospheres, or
a combination comprising at least one of the foregoing nano-
bodies. More specifically, carbon nanotubes, carbon nanofi-
bers, Sinanowire, ZnO nanowire, Cu nanowire, GaN nanow-
ire, or a combination comprising at least one of the foregoing,
may be used.

[0064] The nanobody 505 may have at least one dimension
in the nano-scale range, i.e., about 1 to less than about 1,000
nm. The nanobody 505 may have a diameter of, for example,
about 1 nm to about 1,000 nm, and where the nanobody 505
is asymmetrical a second (length) dimension of about 0.01
um to about 1,000 um. When the nanobody 505 has a diam-
eter and a length within the above ranges, dispersibility of the
nanobody 505 within the matrix may be improved and a
protrusion structure, i.e., a structure having protrusions from
the coated surface, may be readily formed when forming the
surface coating layer.

[0065] The composite 50 may include the nanobody 505
dispersed in the matrix 50a, and it may be formed by, for
example, spray coating, dip coating, or the like, such that the
matrix 50q is coated on the surface of the nanobody 505 as
shown in FIG. 3, when coating on a surface of the base
material 100.

[0066] Where the nanobody 506 is included in a predeter-
mined amount or more, the surface coating layer 120 may
further have a mesh structure having a plurality of pores 60.
By forming such a mesh structure, stress in the structure may
be reduced and durability may be increased. The pores may
have an average largest cross-sectional dimension (i.e., diam-
eter) of about 1 nm to about 10 um, where the pores are
smaller than the thickness of the surface coating layer 120 or
that of any sublayer.

[0067] Referring to FIG. 4, the surface coating layer 120
includes a lower composite layer 120a contacting a surface of
the base material (not shown), and an upper composite layer
1204 on, and in some exemplary embodiments, directly on
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and contacting, a surface of the lower composite layer 120a.
The lower composite layer 120a and the upper composite
layer 12056 each has a different content by volume of the
nanobody 505. The nanobody 505 may be the same or differ-
ent in each composite layer 120a and 1204.

[0068] Inthe surface coating layer 120, thermal conductiv-
ity and water repellency of the composite 50 may be varied
according to the amount of the nanobody 504. To reduce the
formation rate of frost on the surface of the heat exchanger or
to rapidly remove formed frost, thermal conductivity of the
surface coating layer 120 should be high (e.g., about 1 W/m-K
or more). Simultaneously, water repellency, as shown by
water contact angle, where high water contact angles for the
surface coating layer of about 145 degrees or more, more
specifically about 150 degrees or more, and still more spe-
cifically about 152 degrees or more, indicate very low wetta-
bility. Similarly, alow sliding angle of about 8 degrees or less,
specifically about 6 degrees or less, and still more specifically
about 5 degrees or less, also indicate low wettability, and
hence, excellent water repellency.

[0069] The thermal conductivity and water repellency of
the surface coating layer 120 may be varied by adjusting the
amount by volume of the nanobody 504 included in the com-
posite 50.

[0070] Inan exemplary embodiment, thermal conductivity
and water repellency may be simultaneously improved by
forming the surface coating layer 120 with a plurality of
composite layers, each having a different amount of the nano-
body 5064.

[0071] Specifically, the lower composite layer 1204 is a
part contacting the base material 100 and includes the nano-
body 506 in a first amount so as to improve thermal conduc-
tivity of the surface coating layer 120. The lower composite
layer 120a may have higher thermal conductivity than the
upper composite layer 1205. Lower composite layer 120a
may have thermal conductivity of about 1 W/m-K or more,
specifically about 10 W/m-K or more, and more specifically
about 25 W/m'K or more.

[0072] The upper composite layer 1205 is a part contacting
the lower composite layer 120a with the opposite surface
exposed to the air, and it may include the nanobody 505 in a
second amount so as to increase water repellency at the air-
lower composite layer 1205 interface.

[0073] This is explained referring to FIG. 6A to FIG. 7.
[0074] FIG. 6A is a graph showing contact angle according
to nanobody content by volume, FIG. 6B is a graph showing
sliding angle according to nanobody content by volume, and
FIG. 7 is a graph showing thermal conductivities according to
nanobody content by volume.

[0075] Referring to FIG. 6A and FIG. 6B, it may be seen
that contact angles and sliding angles may be varied accord-
ing to nanobody content, based on volume of the composite.
The contact angle and the sliding angle are indicative of
wettability at the solid surface, wherein a higher contact angle
indicates lower wettability, and hence high hydrophobicity
and water repellency, and a lower sliding angle indicates
lower wettability, and hence high hydrophobicity and water
repellency.

[0076] Referring to FIG. 6A and FIG. 6B, the upper com-
posite layer 1205 may include the nanobody 505 in an amount
of about 12 to about 25 volume %, specifically about 15 to
about 25 volume %, and more specifically about 17 to about
22 volume %, based on the total volume of the composite 50.
The contact angle is preferably about 150° or more and the
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sliding angle is about 5° or less. Within the above range, the
upper composite layer 1205 may include the nanobody 505 in
an amount of about 20 volume % based on the total volume of
the composite 50.

[0077] Referring to FIG. 7, it may be seen that as the nano-
body content increases, thermal conductivity increases. The
lower composite layer 120a may thus include the nanobody
5056 in an amount of about 30 to about 45 volume %, and
specifically about 35 to about 45 volume %, based on the total
volume of the composite 50 so as to have higher thermal
conductivity than the upper composite layer 1205. Within the
above range, the lower composite layer 120a may include the
nanobody 505 in an amount of about 40 volume % based on
the total volume of the composite 50.

[0078] As described, the lower composite layer 120a of the
surface coating layer 120, which contacts the base material
100, may therefore include about 30 to 45 volume % of the
nanobody 505 so as to improve thermal conductivity, and the
upper composite layer 1205 that contacts the air may there-
fore include about 15 to 25 volume % of the nanobody 505 so
as to increase water repellency.

[0079] Inthis way, formation of frost on the surface (i.e., on
the surface coating layer) may be reduced or prevented, or any
formed frost may be removed, by simultaneously increasing
thermal conductivity and water repellency of the heat
exchanger.

[0080] Hereinafter, the stacking structure of the surface
coating layer 120 according to another exemplary embodi-
ment will be explained referring to FIG. 5 together with FIG.
2 and FIG. 3.

[0081] FIG. 5 is a cross-sectional view showing another
example of the stacking structure of the surface coating layer
120 of FIG. 3.

[0082] Referring to FIG. 5, the surface coating layer 120
includes a lower composite layer 120a and an upper compos-
ite layer 1205 each having different contents by volume ofthe
nanobody 505, and a middle composite layer 120ab that is
positioned between surfaces of the lower composite layer
120a and the upper composite layer 1205 and includes the
nanobody 505 with a gradually changing content, which
decreases from an interface with the lower composite layer
120a to an interface with the upper composite layer 1206
along a thickness dimension of the middle composite layer
120ab. As used herein, “gradually changing content” means a
concentration gradient of the nanobody based on the volume
of the composite for the middle composite layer 120ab from
the interface with the lower composite layer 120a to the
interface with the upper composite layer 1206, decreasing
along the dimension of layer thickness from the lower com-
posite layer 120a, to the upper composite layer 1204.

[0083] The lower composite layer 120a and the upper com-
posite layer 1205 are as explained above.

[0084] The middle composite layer 120ab may include the
nanobody 505 with a gradually changing content by volume
between the amount by volume of the nanobody 505 included
in the lower composite layer 120a and the amount by volume
of the nanobody 505 included in the upper composite layer
12054. In the drawing, for better comprehension and ease of
description, the lower composite layer 1204, the middle com-
posite layer 120ab, and the upper composite layer 1205 are
separately explained, but the amount by volume of the nano-
body 505 may be continuously changed without a boundary
where the amount by volume of nanobody 504 changes
sharply with no apparent gradient at the interface between the
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lower composite layer 120a and the middle composite layer
120ab, and between the middle composite layer 120ab and
the upper composite layer 1204.

[0085] The composite 50 may further include an additive
such as a cross-linking agent, a catalyst, and the like, in
addition to the matrix 50a and the nanobody 504.

[0086] The cross-linking agent may cure the surface coat-
ing layer through a cross-linking reaction with the polymer
forming the matrix 50a. The cross-linking agent may include,
for example, a silane-based compound, a SiH bond-contain-
ing organohydrosiloxane-based compound, and the like, or a
combination comprising at least one of the foregoing.
[0087] The silane-based compound may include an alkox-
ysilane, an aminosilane, a vinylsilane, an epoxysilane, a
(meth)acrylsilane, an alkylsilane, a phenylsilane, a chlorosi-
lane, and the like. It will be understood that, as used herein,
“(meth)acryl” includes both methacryl and acryl and may
represent either of these.

[0088] Examples ofthe SiH bond-containing organohydro-
gensiloxane-based compound may include pentamethyltri-
hydrogencyclotetrasiloxane, 1,1,3,3-tetramethyldisiloxane,
1,3,5,7-tetramethylcyclotetrasiloxane, tris(thydrogendimeth-
ylsiloxy)methylsilane, tris(hydrogendimethylsiloxy)phenyl-
silane, methylhydrogencyclopolysiloxane, a methylhydro-
gensiloxane.dimethylsiloxane  cyclic  copolymer, a
methylhydrogenpolysiloxane including end-capping trim-
ethylsiloxy groups at both terminal ends, a dimethylsiloxane.
methylhydrogensiloxane copolymer including end-capping
trimethylsiloxy groups at both terminal ends, dimethylpol-
ysiloxane including end-capping dimethylhydrogensiloxy
groups at both terminal ends, a dimethylsiloxane.methylhy-
drogensiloxane copolymer including end-capping dimethyl-
hydrogensiloxy groups at both terminal ends, a methylhydro-
gensiloxane.diphenylsiloxane copolymer including end-
capping trimethylsiloxy groups at both terminal ends, a
methylhydrogensiloxane.diphenylsiloxane.dimethylsilox-
ane copolymer including end-capping trimethylsiloxy groups
at both terminal ends, a methylhydrogensiloxane.methylphe-
nylsiloxane.dimethylsiloxane copolymer including end-cap-
ping trimethylsiloxy groups at both terminal ends, a methyl-
hydrogensiloxane.dimethylsiloxane.diphenylsiloxane
copolymer including end-capping dimethylhydrogensiloxy
groups at both terminal ends, a methylhydrogensiloxane.dim-
ethylsiloxane.methylphenylsiloxane copolymer including
end-capping dimethylhydrogensiloxy groups at both termi-
nal ends, a copolymer including a (CH,),HSiO,,, unit, a
(CH;)5S10, , unit, and a SiO,, unit, a copolymer including a
(CH;),HSi0, ,, unit and a SiO,,, unit, and a copolymer
including a (CH;),HSiO, , unit, a Si0,/, unit, and a (C;Hs)
3510, ,, unit. Combinations comprising at least one of the
foregoing units may be included.

[0089] The cross-linking agent may be included in an
amount of about 1 to 200 parts by weight, specifically 10 to
100 parts by weight, based on 100 parts by weight of the
matrix.

[0090] The catalyst when included promotes a cross-link-
ing reaction of the polymer forming the matrix 50a. Various
metal and non-metal catalysts may be used therefor.

[0091] As the catalyst, for example, tin, titanium, zirco-
nium, lead, iron, cobalt, antimony, manganese, bismuth, zinc,
alloys thereof, compounds thereof, or combinations compris-
ing at least one of the foregoing may be used in the case that
the cross-linking reaction of the polymer is a condensation
type reaction. Similarly for example platinum, palladium,
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rhodium, alloys thereof, compounds thereof, or a combina-
tion comprising at least one of the foregoing may be used in
the case that the cross-linking reaction of the polymer is an
addition type reaction.

[0092] The composite may be coated on the surface of the
base material 100 and cured to form the surface coating layer
120.

[0093] Thecoating may be performed, for example, by spin
coating, spray coating, laminating, dip coating, flow coating,
roll coating, screen printing, and the like. Since the surface
coating layer 120 includes a plurality of composite layers,
each having different contents by volume of the nanobody
504 as explained above, a composite layer including a first
content of the nanobody 505 may be coated to a predeter-
mined thickness, and then a composite layer including a
second content of the nanobody 506 may be coated thereon to
a predetermined thickness.

[0094] The curing may be performed by thermal curing at a
temperature below a deformation temperature of the base
material 100, photo curing, or a combination thereof.

[0095] The thickness of the surface coating layer 120 may
be varied according to the shape and dimensions of the base
material 100. The surface coating layer may have a thickness
of'about 0.5 um to 100 um. Among them, the upper composite
layer 1205 may have a thickness of about 100 nm to 1 pm,
with the balance of the thickness of the surface coating layer
met by the lower composite layer, or lower and middle com-
posite layer combined.

[0096] The surface coating layer 120 may have a protrusion
structure wherein one end of the randomly arranged nano-
body 505 protrudes outside (i.e., toward the air interface) and
the shape of the surface is irregular. Such a protrusion struc-
ture may further decrease contact area of the surface coating
layer 120 to water, in concert with the low slide angle and high
contact angle, to further improve water repellency.

[0097] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A surface coating layer for a heat exchanger formed of a
base material, the surface coating layer comprising:

a plurality of composite layers comprising;

a first layer contacting a surface of'the base material, the
first layer comprising:
a first composite, comprising:
a first matrix, and
a first nanobody; and
a second layer contacting a surface of the first layer and
having an air interface, the second layer comprising:
a second composite, comprising:
a second matrix, and
a second nanobody;
wherein the first layer and the second layer each comprise
a different amount by volume of the first nanobody and
the second nanobody, respectively.

2. The surface coating layer of claim 1, wherein the first
layer comprises the first nanobody in an amount of about 30
to about 45 volume %, based on the total volume of the first
composite, and
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the second layer comprises the second nanobody in an

amount of about 12 to about 25 volume %, based on the

total volume of the second composite.

3. The surface coating layer of claim 2, wherein the first
layer comprises the first nanobody in an amount of about 40
volume %, based on the total volume of the first composite,
and

the second layer comprises the second nanobody in an

amount of about 20 volume %, based on the total volume

of the second composite.

4. The surface coating layer of claim 1, wherein the com-
posite layer further comprises:

a third layer positioned between surfaces of the first layer

and the second layer, the third layer comprising;

a third composite, comprising

a third matrix, and

a third nanobody,

the third layer having a third nanobody content by volume

which gradually decreases from an interface with the

first layer to an interface with the second layer along a

thickness dimension of the third layer.

5. The surface coating layer of claim 1, wherein the first
layer is a heat transfer layer for heat exchange from the base
material to the air interface of the second layer, and

the second layer is a water-repellent layer for suppressing

adherence of moisture included in the air.

6. The surface coating layer of claim 1, wherein the first
layer has higher thermal conductivity than the second layer.

7. The surface coating layer of claim 1, wherein the first
layer has a thermal conductivity of about 1 W/m-K or more.

8. The surface coating layer of claim 1, wherein the second
layer has a contact angle of about 145° or more and a sliding
angle of about 8° or less.

9. The surface coating layer of claim 1, wherein the second
layer has a thickness of about 100 nm to about 1 pm.

10. The surface coating layer of claim 1, wherein the first
nanobody and second nanobody each comprise nanotubes,
nanofibers, nanowire, nanoparticles, nanospheres, or a com-
bination comprising at least one of the foregoing.

11. The surface coating layer of claim 1, wherein the first
matrix and second matrix each comprise a silicon-based poly-
mer, a fluorine-based polymer, a fluorine-substituted silicon
polymer, or a combination comprising at least one of the
foregoing.

12. The surface coating layer of claim 1, wherein the first
layer and the second layer each have a plurality of pores.

13. The surface coating layer of claim 1, wherein a surface
of'the second layer at the air interface has a protrusion struc-
ture formed by the second nanobody.

14. A heat exchanger, comprising:

a base material; and

a surface coating layer, comprising:

a plurality of composite layers, formed on a surface of
the base material, the plurality of composite layers
comprising:
afirst layer contacting the surface of the base material,

the first layer comprising:
a first composite, comprising:
a first matrix, and
a first nanobody; and
a second layer contacting a surface of the first layer
and having an air interface, the second layer com-
prising:
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a second composite, comprising:
a second matrix, and
a second nanobody;
wherein the first layer and the second layer each comprise
a different amount by volume of the first nanobody and
the second nanobody, respectively.

15. The heat exchanger of claim 14, wherein the first layer
comprises the first nanobody in an amount of about 30 to
about 45 volume % based on the total volume of the first
composite, and

the second layer comprises the second nanobody in an

amount of about 12 to about 25 volume % based on the
total volume of the second composite.

16. The heat exchanger of claim 15, wherein the composite
layer further comprises:

a third layer positioned between surfaces of the first layer

and the second layer, the third layer comprising:
a third composite, comprising:

a third matrix, and

a third nanobody,

the third layer having a third nanobody content by volume

which gradually decreases from an interface with the
first layer to an interface with the second layer along a
thickness dimension of the third layer.

17. The heat exchanger of claim 15, wherein the first layer
has thermal conductivity of about 1 W/m-K or more, and

the second layer has a contact angle of about 145° or more

and a sliding angle of about 8° or less.

18. The heat exchanger of claim 15, wherein the surface
coating layer has a thickness of about 0.5 pm to about 100 pm,
and the second layer has a thickness of about 100 nm to about
1 pm.

19. The heat exchanger of claim 14, wherein the first nano-
body and the second nanobody each comprise a nanotube,
nanofiber, nanowire, nanoparticle, nanosphere, or a combi-
nation comprising at least one of the foregoing, and

the first matrix and the second matrix each comprise a

silicon-based polymer, a fluorine-based polymer, a fluo-
rine-substituted silicon polymer, or a combination com-
prising at least one of the foregoing.

20. A heat exchanger, comprising:

a base material, and

a surface coating layer, comprising:

aplurality of composite layers formed on a surface of the
base material, the plurality of composite layers com-
prising:
afirst layer contacting the surface of the base material,
and having thermal conductivity of about 1 W/m-K
or more, the first layer comprising:
a first composite, comprising:
a first matrix, and
a first nanobody; and
a second layer contacting a surface of the first layer
and having an air interface, a contact angle of about
145° or more, and a sliding angle of about 8° or less,
the second layer comprising:
a second composite, comprising:
a second matrix, and
a second nanobody.
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