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(57) ABSTRACT

Proposed is to provide a size-varying bubble complex and a
method of preparing the same. More specifically, the size-
varying bubble complex and the method of preparing the
same are proposed, wherein the bubble complex is capable
of being repeatedly varied in size by changing phases of
perfluorocarbon by external stimuli, by including a shell that
encapsulates a core made of the perfluorocarbon and pro-
tects the core by expanding and contracting together when
the core expands and contracts.
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ELASTIC BUBBLE COMPLEX AND
METHOD OF PREPARING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a Divisional application, pursu-
ant to the provisions of 35 U.S.C. § 120, of prior U.S. patent
application Ser. No. 16/876,606 titled “SIZE-VARYING
BUBBLE COMPLEX AND METHOD OF PREPARING
THE SAME, filed on May 18, 2020, the entirety of which is
incorporated herein by reference for all purposes.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a size-varying
bubble complex and a method of preparing the same. More
specifically, the present invention relates to a size-varying
bubble complex and a method of preparing the same,
wherein the bubble complex is capable of being repeatedly
varied in size by changing phases of the perfluorocarbon by
external stimuli, by including a shell that encapsulates a core
made of perfluorocarbon and protects the core by expanding
and contracting together when the core expands and con-
tracts.

Description of the Related Art

[0003] Recently, with development of micro-nano-level
preparing technology, micro-manipulation technology
capable of precisely and selectively driving small objects
has been studied. An example of the micro-manipulation
technology may include an oscillating bubble technique that
transports objects around the bubble or manipulates move-
ment thereof by utilizing the characteristics of the periodic
size-variation of microbubbles caused by external stimuli.
One example of a bubble that periodically varies in size to
external stimuli may be an air bubble as described in the
following paper.

[0004] <Related Paper>

[0005] Jian Feng, and Sung Kwon Cho, “Two-dimension-
ally steering microswimmer propelled by oscillating
bubbles”, in International Conference on Micro Electro
Mechanical Systems (MEMS 2014)

[0006] However, in the case of a commonly used air
bubble, there is a problem that a large propulsive force may
not be provided due to a small change rate to external
stimuli. On the other hand, as is for the air bubble, there is
a problem that a perfluorocarbon bubble used in vibrating
bubble technology has a large size-varying characteristic
during phase change but has low persistence and repeatabil-
ity. Accordingly, the perfluorocarbon bubble is used for an
engine inside an actuator in which perfluorocarbon is used as
a consumable or is used only to an extent to play a role as
a trigger for micro-bullets used on a one-off basis.

[0007] The foregoing is intended merely to aid in the
understanding of the background of the present invention,
and is not intended to mean that the present invention falls
within the purview of the related art that is already known
to those skilled in the art.

SUMMARY OF THE INVENTION

[0008] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the related
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art, and an objective of the present invention is to provide a
size-varying bubble complex, which is capable of being
repeatedly varied in size by changing phases of pertluoro-
carbon by external stimuli, by including a shell that encap-
sulates a core made of the perfluorocarbon and protects the
core by expanding and contracting together when the core
expands and contracts.

[0009] In addition, it is an objective of the present inven-
tion to provide the bubble complex having various shapes
and sizes.

[0010] In addition, it is an objective of the present inven-
tion to provide the bubble complex that can position per-
fluorocarbon at the center thereof by including a coating
layer positioned between the core and the shell and made of
alginate.

[0011] In addition, it is an objective of the present inven-
tion to provide a method of preparing the bubble complex
wherein the perfluorocarbon, whose outer surface is encap-
sulated with the elastic material liquid solution, can be
prevented from adhering to a wall surface of a container in
a preparing process, while positioning the perfluorocarbon at
a center of the bubble complex, by applying centrifugal
force to the supporting liquid solution and then curing the
supporting liquid solution, after injecting the perfluorocar-
bon, whose outer surface is encapsulated with the elastic
material liquid solution into the supporting liquid solution
having a density similar to the elastic material liquid solu-
tion but having a high viscosity.

[0012] In addition, it is an objective of the present inven-
tion to provide a method of preparing the bubble complex
wherein, by using corn syrup, a thin-thickness coating layer
can be provided through a reaction that occurred as the
alginate liquid solution is brought into contact with the
calcium chloride solution as the corn syrup gradually dis-
solves.

[0013] Inorder to achieve the above objective, the present
invention is implemented by embodiments having following
configuration.

[0014] According to an embodiment of the present inven-
tion, there may be provided a size-varying bubble complex
according to the present invention, the bubble complex
including: a core made of the perfluorocarbon; and a shell
encapsulating the core and protecting the core by expanding
and contracting together when the core expands and con-
tracts, wherein the bubble complex is capable of being
repeatedly varied in size by changing phases of the perfluo-
rocarbon by external stimuli.

[0015] According to another embodiment of the present
invention, in the bubble complex according to the present
invention, the shell may be made of an elastic material.
[0016] According to still another embodiment of the pres-
ent invention, in the bubble complex according to the
present invention, the shell may be made of PDMS.
[0017] According to still another embodiment of the pres-
ent invention, in the bubble complex according to the
present invention, the bubble complex may change phases of
the perfluorocarbon by heating or by applying ultrasonic
waves or a laser.

[0018] According to still another embodiment of the pres-
ent invention, there may be provided a size-varying bubble
complex according to the present invention, the bubble
complex including: a core made of perfluorocarbon; a coat-
ing layer encapsulating the core and made of alginate; and
a shell encapsulating the coating layer and protecting the
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core by expanding and contracting together when the core
expands and contracts, wherein the bubble complex is
capable of being repeatedly varied in size by changing
phases of the perfluorocarbon by external stimuli.

[0019] According to still another embodiment of the pres-
ent invention, in the bubble complex according to the
present invention, the coating layer may be provided with a
thickness of 0.01 to 0.1 mm and may be broken in a first
expansion process of the core and thus may not affect the
repeated size-variation of the bubble complex.

[0020] According to still another embodiment of the pres-
ent invention, there may be provided a preparing method of
a bubble complex according to the present invention, the
method including: injecting perfluorocarbon into an elastic
material liquid solution; obtaining the perfluorocarbon
whose outer surface is encapsulated with the elastic material
liquid solution by absorbing the perfluorocarbon injected
into the elastic material liquid solution; re-injecting by
injecting the perfluorocarbon whose outer surface is encap-
sulated with the elastic material liquid solution into a
supporting liquid solution; and curing the bubble complex
provided with the core made of the perfluorocarbon and a
shell encapsulating the core and made of an elastic material
by rotating a container containing the supporting liquid
solution to apply centrifugal force to the supporting liquid
solution, and simultaneously naturally curing the supporting
liquid solution.

[0021] According to still another embodiment of the pres-
ent invention, in the method according to the present inven-
tion, the supporting liquid solution may have a density
similar to the elastic material liquid solution but have high
viscosity and may be cured for 20 to 30 hours at a tempera-
ture of 20 to 30° C.

[0022] According to still another embodiment of the pres-
ent invention, in the method according to the present inven-
tion, a PDMS liquid solution may be used as the elastic
material liquid solution, and the supporting liquid solution
may have a density less or greater than the elastic material
liquid solution within a range of 10%, and a viscosity of two
to four times of the elastic material liquid solution

[0023] According to still another embodiment of the pres-
ent invention, there may be provided a preparing method of
a bubble complex according to the present invention, the
method including: a first injection step of injecting perfluo-
rocarbon into an alginate liquid solution; a first obtaining
step of obtaining perfluorocarbon whose outer surface is
encapsulated with the alginate liquid solution by absorbing
perfluorocarbon injected into the alginate liquid solution; a
second injection step of injecting perfluorocarbon whose
outer surface is encapsulated with the alginate liquid solu-
tion into corn syrup; a second obtaining step of obtaining
perfluorocarbon coated in turn with the alginate liquid
solution and corn syrup by absorbing pertluorocarbon
injected into the corn syrup; a coating step of providing a
PFC-coating layer complex, which has the core made of
perfluorocarbon and a coating layer encapsulating the core
and made of alginate, the PFC-coating layer complex pro-
vided through a reaction that occurs as the alginate liquid
solution is brought into contact with the calcium chloride
solution as the corn syrup gradually dissolves by injecting
the perfluorocarbon coated in turn with the alginate liquid
solution and corn syrup into calcium chloride solution to
react to each other; a third obtaining step of obtaining the
PFC-coating layer complex whose outer surface is encap-
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sulated with the elastic material liquid solution by absorbing
the PFC-coating layer complex injected into the elastic
material liquid solution; a fourth injection step of injecting
the PFC-coating layer complex whose outer surface is
encapsulated with the elastic material liquid solution; and a
curing step of providing the bubble complex, provided with
the core made of pertluorocarbon and a coating layer, which
encapsulates the core and is made of the alginate, and a shell
which encapsulates the coating layer and is made of the
elastic material, by rotating a container containing the sup-
porting liquid solution to apply centrifugal force to the
supporting liquid solution and simultaneously naturally cur-
ing the supporting liquid solution.

[0024] According to still another embodiment of the pres-
ent invention, in the method according to the present inven-
tion, the PDMS liquid solution may be used as the elastic
material liquid solution, and epoxy resin may be used as the
supporting liquid solution.

[0025] As described above, the present invention can
obtain the following effects by the present embodiments.
[0026] The present invention has an effect wherein the
bubble complex is capable of being repeatedly varied in size
by changing phases of perfluorocarbon by external stimuli,
by including a shell that encapsulates a core made of the
perfluorocarbon and protects the core by expanding and
contracting together when the core expands and contracts.
[0027] In addition, the present invention has an effect
wherein the bubble complex can be provided having various
shapes and sizes.

[0028] In addition, the present invention has an effect
wherein perfluorocarbon can be positioned at the center by
including a coating layer positioned between the core and
the shell and made of alginate.

[0029] In addition, the present invention has an effect
wherein the perfluorocarbon, whose outer surface is encap-
sulated with the elastic material liquid solution, can be
prevented from adhering to a wall surface of a container in
a preparing process, while positioning perfluorocarbon at a
center of the bubble complex, by applying centrifugal force
to the supporting liquid solution and then curing the sup-
porting liquid solution, after injecting the perfluorocarbon,
whose outer surface is encapsulated with the elastic material
liquid solution into the supporting liquid solution having a
density similar to the elastic material liquid solution but
having a high viscosity.

[0030] In addition, the present invention has an effect
wherein, by using corn syrup, a thin-thickness coating layer
can be provided through a reaction that occurred as the
alginate liquid solution is brought into contact with the
calcium chloride solution as the corn syrup gradually dis-
solves.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0032] The above and other objectives, features, and other
advantages of the present invention will be more clearly
understood from the following detailed description when
taken in conjunction with the accompanying drawings, in
which:
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[0033] FIG. 1 shows reference views illustrating a size-
varying process of a bubble complex according to an
embodiment of the present invention;

[0034] FIG. 2 is a view illustrating digital microscope
images of the bubble complex according to the embodiment
of the present invention; and

[0035] FIGS. 3, 4, and 5 are views illustrating digital
microscope images for confirming the size-variation of the
bubble complex according to the embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] Hereinafter, a size-varying bubble complex and a
method of preparing the same according to the present
invention will be described with reference to the accompa-
nying drawings. Unless otherwise specified, all terms in this
specification are the same as the general meaning of the
terms understood by a person skilled in the art to which the
present invention belongs, and when there is a conflict with
the meaning of a term used in the present specification, the
meaning of the term follows the definition used in the
specification. In addition, detailed descriptions of well-
known functions and configurations that may unnecessarily
obfuscate the subject matter of the present invention are
omitted. Throughout the specification, when a part
“includes” a certain component, it means that the component
does not exclude, but may further include, other components
unless otherwise stated.

[0037] Describing the size-varying bubble complex
according to an embodiment of the present invention with
reference to FIGS. 1 to 5, the bubble complex may include
a core 1 made of perfluorocarbon and a shell 2 encapsulating
the core 1 and protecting the core by expanding and con-
tracting together when the core expands and contracts,
wherein the bubble complex is capable of being repeatedly
varied in size by changing phases of the perfluorocarbon by
external stimuli.

[0038] The core 1 is made of the perfluorocarbon, and the
perfluorocarbon in a liquid or gaseous state may be used.
[0039] The shell 2 encapsulates the core 1 and is config-
ured to protect the core by expanding and contracting
together when the core expands and contracts, and may be
made of an elastic material, and for example, PDMS may be
used. As previously seen, bubbles or liquid droplets of the
perfluorocarbon have a large size-varying characteristic dur-
ing phase change but have a problem of low persistence and
repeatability. On the other hand, the present invention has
made it possible to repeatedly vary the size of the bubble
complex provided with a core made of perfluorocarbon and
a shell on the outside. For example, after providing the
bubble complex provided with a core made of the perfluo-
rocarbon of a liquid phase and a shell made of elastic
material on the outside of the core, as shown in FIG. 1, when
external stimuli capable of vaporizing the perfluorocarbon
(for example, capable of vaporizing the pertfluorocarbon by
heating the complex or applying ultrasonic waves or lasers
to the complex) are applied to the bubble complex, the core
expands, and the shell expands as the core expands, thereby
causing the bubble to expand so that the complex is
increased in size. Subsequently, when the external stimuli
are removed in this state, the perfluorocarbon is liquefied
again, the core shrinks, and the shell shrinks as the core
shrinks so that the bubble complex returns to the original
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size. Further, as the external stimuli are applied and removed
repeatedly, the bubble complex stably repeats a process of
increasing and decreasing in size.

[0040] The bubble complex according to another embodi-
ment of the present invention includes a core (not shown)
made of perfluorocarbon, a coating layer (not shown) encap-
sulating the core and made of alginate, and a shell (not
shown) encapsulating the coating layer and protecting the
core by expanding and contracting together when the core
expands and contracts. The bubble complex according to the
another embodiment of the present invention is the same as
the bubble complex according to the first embodiment,
except that there is the coating layer between the core and
the shell, and thus, only the coating layer, which is a different
part, will be described below.

[0041] The coating layer is positioned between the core
and the shell and is made of alginate. The perfluorocarbon
and an elastic material may cause the core to be skewed
toward the edge of the bubble complex (that is, a shell
having a uniform thickness is not provided on the outside of
the core), due to the density difference thereof. Meanwhile,
when the shell is provided after the coating layer made of
alginate has been provided on the outside of the core, the
core may be positioned at the center of the bubble complex.
However, the coating layer is provided with a thin thickness
(preferably having a thickness of 0.01 to 0.1 mm) so as to be
broken in a first expansion process of the core and thus does
not affect the repeated size-variation of the bubble complex.
[0042] In still another embodiment of the present inven-
tion, a method of preparing the bubble complex includes an
injection step of injecting perfluorocarbon into an elastic
material liquid solution, an obtaining step of obtaining the
perfluorocarbon whose outer surface is encapsulated with
the elastic material liquid solution by absorbing the perfluo-
rocarbon injected into the elastic material liquid solution, a
re-injection step of injecting the perfluorocarbon whose
outer surface is encapsulated with the elastic material liquid
solution into a supporting liquid solution, and a curing step
of providing the bubble complex provided with the core
made of the perfluorocarbon and a shell, which encapsulates
the core and is made of the elastic material, by rotating a
container containing the supporting liquid solution to apply
centrifugal force to the supporting liquid solution and simul-
taneously naturally curing the supporting liquid solution.
[0043] The injection step is the step of injecting the
perfluorocarbon into the elastic material liquid solution,
wherein perfluorocarbon in a state of gas or liquid is injected
into the elastic material liquid solution, whereby the bubbles
or liquid droplets of the perfluorocarbon are allowed to be
positioned in the elastic material liquid solution. Here, a
PDMS liquid solution, for example, may be used as the
elastic material liquid solution.

[0044] The obtaining step is the step of obtaining the
perfluorocarbon whose outer surface is encapsulated with
the elastic material solution by absorbing the perfluorocar-
bon injected into the elastic material liquid solution and
obtains the perfluorocarbon, whose outer surface is encap-
sulated with the elastic material liquid solution, by sucking
the perfluorocarbon injected into the elastic material liquid
solution by using, for example, a micro channel, micro tube,
syringe, and the like.

[0045] The re-injection step is the step of injecting the
perfluorocarbon whose outer surface is encapsulated with
the elastic material liquid solution into the supporting liquid
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solution, wherein the supporting liquid solution has a den-
sity similar to the elastic material liquid solution (the sup-
porting liquid solution may have a density less or greater
than the elastic material liquid solution within a range of
10%) but has high viscosity (the supporting liquid solution
may have a viscosity of two to four times of the elastic
material liquid solution). Here, an epoxy resin, for example,
may be used as the supporting liquid solution.

[0046] The curing step is the step of providing the bubble
complex provided with the core made of perfluorocarbon
and the shell, which encapsulates the core and is made of the
elastic material, by rotating the container containing the
supporting liquid solution to apply centrifugal force to the
supporting liquid solution and simultaneously naturally cur-
ing the supporting liquid solution for 20 to 30 hours (for
example, cured at 20 to 30° C.). At this time, the perfluo-
rocarbon and the elastic material may cause the core to be
skewed toward the edge of the bubble complex (that is, a
shell having a uniform thickness is not provided on the
outside of the core), due to the density difference thereof, but
when the centrifugal force is applied thereto, the core may
be positioned at the center of the bubble complex. However,
when centrifugal force is applied, since the perfluorocarbon
whose outer surface is encapsulated with the elastic material
liquid solution may adhere to a wall surface of the container,
a supporting liquid solution having a density similar to the
elastic material liquid solution but having a high viscosity is
used, whereby perfluorocarbon whose outer surface is
encapsulated with the elastic material liquid solution may be
allowed to remain at the center of the container. In the case
of PDMS, though being heated (no less than 80° C.) for
rapid curing, because a phase change is made in a process of
curing via heating when perfluorocarbon having a low
boiling point is used, the curing occurs at a temperature at
which the phase change of perfluorocarbon does not occur in
the curing process.

[0047] A method of preparing the bubble complex accord-
ing to still another embodiment of the present invention
includes: a first injection step of injecting perfluorocarbon
into an alginate liquid solution; a first obtaining step of
obtaining perfluorocarbon whose outer surface is encapsu-
lated with the alginate liquid solution by absorbing the
perfluorocarbon injected into the alginate liquid solution; a
second injection step of injecting the perfluorocarbon whose
outer surface is encapsulated with the alginate liquid solu-
tion into corn syrup; a second obtaining step of obtaining the
perfluorocarbon coated in turn with the alginate liquid
solution and the corn syrup by absorbing the perfluorocar-
bon injected into the corn syrup; a coating step of providing
a PFC-coating layer complex, which has the core made of
the perfluorocarbon and a coating layer encapsulating the
core and made of alginate, the PFC-coating layer complex
provided through a reaction that occurs as the alginate liquid
solution is brought into contact with a calcium chloride
solution as the corn syrup gradually dissolves by injecting
the perfluorocarbon coated in turn with the alginate liquid
solution and corn syrup into calcium chloride solution to
react to each other; a third injection step of injecting the
PFC-coating layer complex obtained in the coating step into
an elastic material liquid solution; a third obtaining step of
obtaining the PFC-coating layer complex whose outer sur-
face is encapsulated with the elastic material liquid solution
by absorbing the PFC-coating layer complex injected into
the elastic material liquid solution; a fourth injection step of
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injecting the PFC-coating layer complex whose outer sur-
face is encapsulated with the elastic material liquid solution
into a supporting liquid solution; and a curing step of
providing the bubble complex provided with the core made
of the perfluorocarbon, a coating layer, which encapsulates
the core and is made of the alginate, and a shell, which
encapsulates the coating layer and is made of the elastic
material, and the like. The perfluorocarbon and the elastic
material may cause the core to be skewed toward the edge
of the bubble complex due to the density difference thereof.
Meanwhile, when the shell is provided after the coating
layer made of alginate has been provided on the outside of
the core, the core may be positioned at the center of the
bubble complex. It is important that the coating layer is
provided with a thin thickness, so as to be broken in a first
expansion process of the core and thus does not affect the
repeated size-variation of the bubble complex. To this end,
by using the corn syrup, a reaction occurs as the alginate
liquid solution is brought into contact with the calcium
chloride solution as the corn syrup gradually dissolves, so
that the alginate coating layer is provided, thereby allowing
a thin coating layer to be provided.

[0048] The method of preparing the bubble complex
according to still another embodiment of the present inven-
tion includes a mold preparation step of preparing a mold
provided with a groove having a shape corresponding to the
bubble complex, and a curing step of providing the bubble
complex provided with a core made of perfluorocarbon and
a shell, which encapsulates the core and is made of elastic
material, by naturally curing after pouring elastic material
solution into the groove, then injecting the perfluorocarbon
into the solution.

[0049] Hereinafter, the present invention will be described
in more detail through embodiments. However, these are
only for explaining the present invention in more detail, and
the scope of the present invention is not limited thereto.

<Embodiment 1> Preparation of a Bubble Complex

[0050] 1. Liquid droplets, having a diameter of approxi-
mately three mm, of PFC (perfluorohexane (density was
1.68 g/ml) was used) were injected into a PDMS liquid
solution (density was 1.03 g/ml, and viscosity was 3900
cps). Then, provided the liquid droplets of the PFC were
sucked using a syringe and injected into epoxy resin (density
was 1.10 g/ml, and viscosity was 10000 cps) positioned in
the container, the PFC whose outer surface was encapsulated
with the PDMS liquid solution was positioned in the epoxy
resin. Subsequently, by allowing the PDMS to be cured by
rotating and keeping the container at room temperature for
24 hours, the bubble complex (perfluorocarbon complex),
which was provided with a core made of the PFC and a shell
encapsulating the core and made of PDMS, was provided.
[0051] 2. The liquid droplets of PFC (perfluorohexane was
used) were injected into the alginate liquid solution. Then
the liquid droplets of the PFC were sucked using a syringe
and were injected into the corn syrup. Again, the liquid
droplets of the PFC were sucked using a syringe and then
were injected into a calcium chloride solution to react to
each other. At this time, a reaction occurred as the alginate
liquid solution was brought into contact with the calcium
chloride solution as the corn syrup gradually dissolved in the
liquid droplets of the PFC coated in turn with the alginate
liquid solution and the corn syrup. As a result, a PFC-coating
layer complex, which had the core made of perfluorocarbon
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and a coating layer encapsulating the core and made of
alginate, was provided. Subsequently, by applying other
conditions being the same as 1 of embodiment 1, except that
the PFC-coating layer complex was used instead of liquid
droplets of the PFC, the bubble complex (perfluorocarbon
complex) provided with the core made of the perfluorocar-
bon, a coating layer, encapsulating the core and made of the
alginate, and a shell, encapsulating the coating layer and
made of the elastic material, was provided. Here, the alg-
inate liquid solution was provided by mixing two g of
sodium alginate per 100 ml of distilled water, and the
calcium chloride solution was provided by mixing one g of
calcium chloride per 100 ml of distilled water.

[0052] 3. By applying other conditions being the same as
1 of embodiment 1, except that the liquid droplets, having a
diameter of approximately one mm, of PFC (perfluoro-
hexane was used) were used and that a PDMS liquid
solution, which was provided by mixing a base of Sylgard-
186, a base of Sylgard-184, curing agent of Sylgard-186, and
curing agent of Sylgard-184 in a weight ratio of 3:7:0.3:0.7,
was used, the bubble complex (perfluorocarbon complex)
provided with the core made of the PFC and a shell,
encapsulating the core and made of PDMS, was provided.
[0053] 4. A rod-shaped bubble complex (perfluorocarbon
complex) provided with the core made of PFC and a shell,
encapsulating the core and made of PDMS, was provided by
preparing a polycarbonate substrate provided with a groove
having a diameter of 7.5 mm and a height of 5 mm, pouring
the PDMS liquid solution up to 2 mm in the groove to cure,
and then pouring the PDMS liquid solution and liquid
droplets of PFC sequentially to cure. Here, the PDMS liquid
solution was provided by mixing a base of Sylgard-186, a
base of Sylgard-184, and curing agent of Sylgard-184 in a
weight ratio of 3:7:0.4.

[0054] 5. A micro-bullet provided with the bubble com-
plex (perfluorocarbon complex), having a core and a shell
positioned inside an outer wall, was provided, by injecting
the PDMS liquid solution into a mold to cure, then providing
the outer wall of the bullet by a casting method, and then
subsequently pouring the PDMS liquid solution and liquid
droplets of the PFC inside the outer wall to cure. Here, for
the PDMS liquid solution, the PDMS liquid solution used in
4 of embodiment 1 was used.

<Embodiment 2> Confirmation of a Size and
Shape of a Bubble Complex

[0055] 1. Each of the bubble complex prepared in embodi-
ment 1 was measured in a digital microscope and shown in
FIG. 2. FIG. 2(a) is an image of the bubble complex
prepared in 1 of embodiment 1, FIG. 2(4) is an image of the
bubble complex prepared in 2 of embodiment 1, FIG. 2(¢) is
an image of the bubble complex prepared in 3 of embodi-
ment 1, FIG. 2(d) is an image of the bubble complex
prepared in 4 of embodiment 1, and FIG. 2(e) is an image of
the bubble complex prepared in 5 of embodiment 1.

[0056] 2. Looking at FIG. 2, it may be seen that: the
bubble complex prepared in 1 of embodiment 1 is a spherical
shape having a core having a diameter of 3 mm and a shell
having a thickness of 0.3 mm; the bubble complex prepared
in 2 of embodiment 1 is a spherical shape having a core
having a diameter of 2 mm, a coating layer having a
thickness of 0.09 mm, and a shell having a thickness of 0.06
mm; the bubble complex prepared in 3 of embodiment 1 is
a spherical shape having a core having a diameter of 1 mm
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and a shell having a thickness of 0.05 mm; the bubble
complex prepared in 4 of embodiment 1 is a rod shape
having a diameter of 7.5 mm and a height of 5 mm with a
core provided inside the shell; and the micro-bullet prepared
in 5 of embodiment 1 has the rod-shaped bubble complex
having a shell, having a height of 4.5 mm and encapsulating
a core, is positioned inside the outer wall.

<Embodiment 3> Confirmation of Repeated
Size-Variation of a Bubble Complex Against
External Stimuli

[0057] 1. To confirm the repeated size-variation of the
bubble complex against the external stimuli, water of 70° C.,
above a boiling point (59° C.) of PFH, was poured into a
water tank to be full, a glass slide of a glass material having
high thermal conductivity was put on top of the water tank,
and each of the bubble complexes prepared in 1 and 3 of
embodiment 1 was placed on a top surface of the slide glass,
so that heat energy was allowed to be sufficiently transferred
to a core (heating process). When the bubble complex was
sufficiently expanded due to temperature change, a lique-
faction phenomenon of the core and a contraction phenom-
enon of the shell were induced in a manner of subtracting hot
water from the water tank and adding cold water of 20° C.
(cooling process). After repeatedly exchanging the water of
70° C. and the water of 20° C. (that is, repeatedly performing
heating and cooling), the bubble complex was measured
with a digital microscope, whereby iterative size-variation
of the bubble complex was confirmed. FIG. 3 is a view
illustrating digital microscope images, the image before the
heating process in FIG. 3(a) and the image after the heating
process in FIG. 3(b), having measured the bubble complex
prepared in 1 of embodiment 1.

[0058] 2. Experiments were performed by applying other
conditions being the same as 1 of embodiment 3, except that
the bubble complex prepared in 4 of embodiment 1 and the
micro-bullet prepared in 5 of embodiment 1 were put in the
water instead of the top surface of the slide glass. FIG. 4 is
a view illustrating digital microscope images, the image
before the heating process in FIG. 4(a) and the image after
the heating process in FI1G. 4(b) having measured the bubble
complex prepared in 4 of embodiment 1, and FIG. 5 is a
view illustrating digital microscope images, the image
before the heating process in FIG. 5(a), and the image after
the heating process in FIG. 5(b) having measured the
micro-bullet prepared in 5 of embodiment 1.

[0059] 3. Looking at experimental results for the confir-
mation of the repeated size-variation of the bubble complex
against external stimuli, the bubble complex prepared in 1 of
embodiment 1 was not damaged even after heating and
cooling 6 cycles (here, the water of 100° C. was used in 4th
to 6th heating processes), the diameter increased (up to 8%
increase) in the heating process, and the diameter was
restored to a level the same as before performing the
experiment in the cooling process. In the case of the bubble
complex prepared in 3 of embodiment 1, the diameter
increased to 2.72 mm in the heating process, and the
diameter was reduced down to 1.83 mm in the cooling
process, and in the case of the bubble complex prepared in
4 of embodiment 1, no damage occurred until heating and
cooling were performed 12 cycles, so that no PFC leaked,
the length increased (the diameter increased up to 56%, the
length increased up to 66%) in the heating process, and the
diameter and length were restored to the level the same as
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before performing the experiment in the cooling process. In
the case of the micro-bullet prepared in 5 of embodiment 1,
no damage occurred even after heating and cooling 8 cycles,
so that no PFC leaked, the length of the bubble complex
inside the outer wall increased (up to 41% increase) in the
heating process, and the length of the bubble complex inside
the outer wall was restored to the level the same as before
performing the experiment in the cooling process. There-
fore, it may be seen that even when external stimuli are
applied to the bubble complex to cause a phase change of the
core, a shape of the core is maintained by a shell having
elastic force, so that the bubble complex having a repeated
size-varying may be prepared.

[0060] In the above, the applicant has described the exem-
plary embodiments of the present invention, but these
embodiments are only for implementing the technical con-
cept of the present invention and any modification or modi-
fication of the present invention should be interpreted as
belonging to the scope of the present invention as long as the
technical spirit of the present invention is realized.

What is claimed is:
1. A preparing method of a bubble complex, the method
comprising:
a first injection step of injecting perfluorocarbon into an
alginate liquid solution;

a first obtaining step of obtaining perfluorocarbon whose
outer surface is encapsulated with the alginate liquid
solution by absorbing perfluorocarbon injected into the
alginate liquid solution;

a second injection step of injecting perfluorocarbon whose

outer surface is encapsulated with the alginate liquid
solution into corn syrup;
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a second obtaining step of obtaining perfluorocarbon
coated in turn with the alginate liquid solution and corn
syrup by absorbing perfluorocarbon injected into the
corn syrup;

a coating step of providing a PFC-coating layer complex,
which has the core made of perfluorocarbon and a
coating layer encapsulating the core and made of
alginate, the PFC-coating layer complex provided
through a reaction that occurs as the alginate liquid
solution is brought into contact with the calcium chlo-
ride solution as the corn syrup gradually dissolves by
injecting the perfluorocarbon coated in turn with the
alginate liquid solution and corn syrup into calcium
chloride solution to react to each other;

a third obtaining step of obtaining the PFC-coating layer
complex whose outer surface is encapsulated with the
elastic material liquid solution by absorbing the PFC-
coating layer complex injected into the elastic material
liquid solution;

a fourth injection step of injecting the PFC-coating layer
complex whose outer surface is encapsulated with the
elastic material liquid solution; and

a curing step of providing the bubble complex, provided
with the core made of perfluorocarbon and a coating
layer, which encapsulates the core and is made of the
alginate, and a shell

which encapsulates the coating layer and is made of the
elastic material, by rotating a container containing the
supporting liquid solution to apply centrifugal force to
the supporting liquid solution and simultaneously natu-
rally curing the supporting liquid solution.

2. The method of claim 1, wherein the PDMS liquid

solution is used as the elastic material liquid solution, and
epoxy resin is used as the supporting liquid solution.

#* #* #* #* #*
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