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Description

CENTRIFUGE AND CENTRIFUGING METHOD
Technical Field

[1] The present invention relates to a centrifuge and a centrifuging method, and more
particularly, to a centrifuge and a centrifuging method in which, when centrifuging is
performed by rotation of a rotator, a layer of a material having low fluid resistance and
low specific gravity and a layer having high fluid resistance and high specific gravity
among the layers separated by centrifuging can be classified and collected accurately
and easily by opening an opening portion of a container.

[2] The centrifuge and the centrifuging method according to the present invention can
be applied to all kinds of materials that can move downward along an inclined surface,
that is, both to liquids and solids such as liquid, powder, gel, a mixture of liquid and
solid, colloids, and solids that are nearly spherical.

Background Art

[3] A centrifuge is an apparatus for separating materials using centrifugal force that is
generated when an object is rotated. Centrifuges can be classified according to an
amount of a sample to be centrifuged, the rotation speed, the rotor, etc.

[4] A centrifuge is used in biotechnology to separate cells mixed in a liquid or a
material having greater weight and adhesive force than a liquid. Recently, intensive
research on adult stem cells has been conducted, and a centrifugal method of
separating a small amount of stem cells from a large amount of adult tissues (fat, bone-
marrow, etc.) is currently being researched.

[5] As a centrifuge used in biotechnology is required to separate human body cells
without destroying them, a smaller centrifugal force is used for separating human body
cells than when separating a general material. The centrifugal force required for cen-
trifuging cells is 100 G maximum, usually lower than this. Here, G denotes a grav-
itational constant. Since a centrifugal force acts against in a centrifuge, a centrifugal
force will be represented using the unit 'G'.

[6] When a complex fluid such as blood is centrifuged using a centrifuge in a
biotechnology laboratory, the fluid is divided into several layers according to the
specific gravity of each element of the complex fluid. Here, a complex fluid refers to a
liquid that includes semisolids such as fine solid components or gel and has a broader
range than a polymer; hereinafter, it will be referred to as 'fluid'.

[7] When a cell is separated using a centrifuge, each centrifuged layer of fluid is
stacked in a test tube and can be discriminated visually; however, it is difficult to
separate the layers physically. Layers of a fluid centrifuged by a centrifuge are

generally separated by hand. However, separating layers of a centrifuged fluid is an
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onerous task, and moreover, loss of the centrifuged material may be caused and thus
purity of the separated material cannot be secured.

Without a centrifugal force, the cohesive or adhesive force between cells is not dis-
tinctively different from that of water, and thus over 50 % of pouring out of a liquid
from the tube fails. Even when the pouring is successful, some of the cells in the top
layer may be swept away. If the centrifugal force is increased to adhere the cells to
each other, the cells may be destroyed.

Thus the testers have proposed using a pipette to remove the upper layer. However,
a portion of the liquid to be removed still remains in the test tube and thus at least
seven or eight dilution processes need to be performed.

For example, when stem cells are separated from fat tissues, classifying a minimum
amount of stem cells by solving a large amount of tissues using a solvent such as
collagen and washing the centrifuged material are performed. The separated material is
washed for removing unnecessary medical elements and other elements included in the
material to use the separated material again in the human body. However, washing
requires a lot of time and may destroy the stem cells. In other words, in the washing
process, the centrifuged material is manipulated several times, and thus the time the
stem cells are exposed to the air is prolonged, thereby increasing the risk of con-
tamination of the stem cells.

Disclosure of Invention
Technical Problem

The present invention provides a centrifuge and a centrifugal method in which a
material is separated by a centrifugal force and layers of the separated material are
classified and collected accurately and easily.

The present invention also provides a centrifuge and a centrifugal method in which
stem cells are accurately classified and collected from layers of a material separated by
centrifuge.

Technical Solution

The present invention provides a centrifuge and a centrifugal method in which a
layer of a material having a low specific gravity among the layers of the material is
separated by a centrifugal force, and layers of the separated material are classified and
collected accurately and easily.

The centrifuge and the centrifuging method according to the present invention are
for centrifuging a complex fluid (a liquid that includes semisolids such as fine solid
components or gel and has a broader range than a polymer; hereinafter referred to as
'fluid") such as blood extracted from a human body, fat, and the like. In detail,
according to the present invention, stem cells contained in a small amount in a
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complex fluid such as fat extracted from a human body can be centrifuged, and the
stem cells moved by the operation of centrifugal force are accumulated in a container
that is detachably installed, and thus the stem cells can be accurately and easily collec
ted without any additional separation process or washing process.

The centrifuge and the centrifuging method according to the present invention can
be applied to all kinds of materials that can move downward along an inclined surface,
that is, both to liquids and solids such as liquid, powder, gel, a mixture of liquid and
solid, colloids, and solids that are nearly spherical.

The present invention provides a centrifuge and a centrifuging method in which a
container is inclined at a predetermined angle with respect to a rotation axis of the
centrifuge, and while the centrifuge is rotated, a stopper portion of the container opens
or closes an opening portion of the container. Accordingly, the present invention
provides a centrifuge and a centrifuging method whereby centrifuging can be
performed and segregated layers can be classified accurately and easily and be
collected.

While centrifuging is performed by rotation of the centrifuge, layers formed of
materials having high specific gravity and high fluid resistance are positioned away
from the center of the rotation axis of the centrifuge, and layers formed of materials
having low specific gravity and low fluid resistance are positioned near the center of
the rotation axis of the centrifuge. Here, fluid resistance refers to the complex char-
acteristic of a fluid, whereby the fluid is resistant to flow due to adhesive force,
cohesive force, viscosity, etc.

Thus the present invention provides a centrifuge and a centrifuging method using
the centrifuge that can accurately separate and collect layers of stem cells in the centr
ifuge without any additional separation or washing process based on the characteristic
of stem cells in a complex fluid such as fat tissue extracted from a human body, which
has higher fluid resistance compared to other elements contained in a fluid of fatty
tissue and is affected by a relatively greater centrifugal force at the same rotation speed
than other materials.

While centrifuging is completed in the container, and the centrifuge is continuously
rotated, the stopper portion which has closed the opening portion of the container is
opened and a fluid having a low specific gravity and a low fluid resistance can be
discharged to the outside. The rotation speed of the centrifuge during the opening of
the opening portion is reduced to a speed lower than the rotation speed during cen-
trifuging. This is for separating a fluid to which a high centrifugal force is applied and
another fluid to which a low centrifugal force is applied by adjusting the rotation speed
of the centrifuge based on the characteristic that centrifugal force applied during

rotation varies according to the specific components of the fluid.
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While the rotation is performed at a reduced rotation speed after segregation of
layers is completed, gravity and centrifugal force exerted on each layer vary according
to the fluid dynamic characteristic of each of the segregated layers. Some layers to
which relatively greater gravity than centrifugal force is applied flow down through the
stopper portion and the opening portion of the container, and some layers to which
relatively greater centrifugal force than gravity is applied remain attached to the
container, being attached to the container.

When the centrifuge performs centrifuging according to the present invention, the
centrifuge is rotated at a maximum speed required for centrifuging, that is, at a first
speed for a predetermined period of time to centrifuge a material into segregated
layers.

In order to discharge some layers of the material in the container, the speed of the
centrifuge needs to be slowed down from the first speed to a second speed that is lower
than the first speed and the centrifuge is rotated again for a predetermined period of
time. The container is installed in the centrifuge such that an opening portion of the
container directs downward and is inclined at a predetermined angle. Accordingly,
while the centrifuge is being rotated at the second speed, and the opening portion of the
container is opened, some layers formed of a material having low fluid resistance and
low specific gravity in the container can flow down through the opening portion of the
container.

The second speed is determined by the characteristic of the material to be
centrifuged, and particularly, by the fluid resistance. When the centrifuge is con-
tinuously being rotated at the reduced rotation speed, that is, at the second speed,
layers at the outermost edge such as stem cells among segregated layers formed in the
container are maintained inside the container by being affected by a centrifugal force
that is greater than gravity; however, the other segregated layers may flow down by
being affected by a centrifugal force that is less than gravity. In this manner, a critical
point at which some of the segregated layers are discharged outside of the container
can be determined by adjusting the second speed according to the segregated layers to
be centrifuged.

As described above, by reducing the rotation speed of the centrifuge, some of the
layers of the centrifuged material in the container can flow down to the outside of the
container by gravitational force; however, some layers can also be discharged to the
outside of the container without reducing the rotation speed of the centrifuge. That is,
when pressure is produced by a pump in a discharge pipe that is connected to the
container through the stopper portion coupled to the opening portion of the container,
some layers in the container can be discharged to the outside of the container due to the

pressure produced in the discharge pipe.
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According to an aspect of the present invention, there is provided a centrifuge
comprising: a rotator rotating around a rotation axis; a container into which a material
is delivered and comprising an opening portion, inclined at a predetermined angle with
respect to a rotation axis of the rotator such that the opening portion is directed
downward, and coupled to the rotator; and a stopper portion that is coupled to the
opening portion and closes the opening portion, and when the speed of the rotator
reaches a predetermined speed and thus the material is centrifuged, opens the opening
portion such that the material in the container flows outward.

The stopper portion may comprise a valve which is operated according to an
external signal and thus opens or closes the opening portion.

A receiving unit which receives a material when the stopper portion is opened may
be formed in the rotator.

A connecting portion connecting the container to the outside may be connected to
the stopper portion.

The connecting portion may comprise at least one discharge pipe discharging the
material of the container.

The connecting portion may further comprise an inflow pipe delivering a fluid into
the container from the outside.

According to another aspect of the present invention, there is provided a method of
centrifuging comprising: (a) delivering a material into a container; (b) detachably
coupling the container to a rotator at a predetermined angle with respect to a rotation
axis of the rotator such that an opening portion of the container is directed downward;
(c) centrifuging the material in the container by rotating the rotator; (d) opening the
stopper portion coupled to the opening portion while continuously rotating the rotator
to discharge some layers of the centrifuged material to the outside of the container; (e)
closing the stopper portion; (f) stopping the rotator; and (g) separating the container
from the rotator to collect the centrifuged material.

In (d), a discharge pipe connected to the container via the stopper portion may be
opened to discharge some layers of the centrifuged material.

The discharge pipe may be connected to a pump, and some layers of the
centrifuged material may be discharged to the outside of the container by pressure
produced by the pump.

In (d), an inflow pipe connected to the container via the stopper portion may be
opened to deliver an external fluid into the container to maintain the pressure of the
container regular.

The rotator may be rotated at a speed reduced compared to the speed in (c), and the
stopper portion may be opened to discharge some layers of the centrifuged material.

Advantageous Effects
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As described above, in the centrifuge and the centrifuging method according to the
present invention, centrifuging is performed with a container being maintained at a
predetermined angle with respect to the rotation axis of the centrifuge, and an opening
portion of the container coupled to a rotator and directing downward. In addition,
while the centrifuge is being rotated, a stopper portion coupled to the container opens
or closes the opening portion of the container. Thus layers of centrifuged material can
be easily classified and collected without additional separation or washing process.

Description of Drawings

FIG. 1 is a perspective view illustrating a centrifuge according to an embodiment
of the present invention;

FIG. 2 is a side cross-sectional view illustrating the centrifuge of FIG. 1, according
to an embodiment of the present invention;

FIG. 3 is a schematic view illustrating forces applied to a material when a
centrifugal force is not present in a centrifuge according to an embodiment of the
present invention;

FIG. 4A schematically illustrates forces of FIG. 3 changed to a state where a high
centrifugal force is applied,;

FIG. 4B schematically illustrates forces of FIG. 3 changed to a state where a low
centrifugal force is applied,;

FIG. 5 is a side view of a portion of a centrifuge, illustrating a container before
centrifuging starts according to an embodiment of the present invention;

FIG. 6 is a side view of a portion of a centrifuge, illustrating the container of FIG. 5
in which a portion of separated material is collected; and

FIG. 7 is a flowchart illustrating a centrifuging method according to an
embodiment of the present invention.

Best Mode

The present invention will now be described more fully with reference to the ac-
companying drawings, in which exemplary embodiments of the invention are shown.

FIG. 1 is a perspective view illustrating a centrifuge according to an embodiment
of the present invention. FIG. 2 is a side cross-sectional view illustrating the centrifuge
of FIG. 1.

The centrifuge illustrated in FIGS. 1 and 2 is an apparatus that separates a material
by being rotated around a rotation axis O. The centrifuge according to the current
embodiment of the present invention includes a rotator 10, a container 20 coupled to
the rotator 10 at a predetermined angle 0, and a stopper portion 30 opening or closing
an opening portion 21 of the container 20.

The rotator 10 rotates around the rotation axis O and supports the container 20. The
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rotator 10 is disposed inside a casing 11 and is coupled to a driving motor 12 to rotate
in the casing 11 for centrifuging. A cover 13 covering the rotator 11 and the container
20 is coupled to the casing 11.

A receiving unit 15 is formed in the rotator 10. The receiving unit 15 receives the
material flowing down from the container 20.

A plurality of containers 20 may be coupled to the rotator 10. The container 20 is
coupled to the rotator 10 such that the opening portion 21 of the container 20 is
directed downward. Accordingly, the container 20 is inclined at a predetermined angle
with respect to the rotation axis O. An angle 0 between an axis P in a length direction
of the container 20 and the rotation axis O can be determined in consideration of
gravity, centrifugal force, and a force by fluid resistance applied to the material so that
the material can flow down when a layer of the material separated by the centrifuging
is discharged outside the container 20.

The container 20 may be an ordinary test tube into which a material to be
centrifuged is received. The opening portion 21 is formed in the container 20, and an
end portion of the opening portion 21 away from the rotator 10 has a horizontal cross-
section becoming reduced downwardly.

A stopper portion 30 is coupled to the container 20. The stopper portion 30 is
coupled to the opening portion 21 of the container 20 and opens or closes the opening
portion 21. One side of the stopper portion 30 is coupled to the opening portion 21 of
the container 20, and another side of the stopper portion 30 is opened toward the
receiving unit 15 of the rotator 10. When the stopper portion 30 is opened, the opening
portion 21 of the container 20 is opened toward the receiving unit 15 of the rotator 10.

The stopper portion 30 may include a valve 31 that is operated according to
external signals. The valve 31 is connected to a controller 33 via a signal line 32
installed in the rotator 10 and is operated by a driving signal supplied by the controller
33. Accordingly, when the opening portion 21 is opened by the valve 31, the material
in the container 20 can flow downward, and when the opening portion 21 is closed, the
material stays inside the container 20. The valve 31 may also be operated by external
signals wirelessly instead of by being connected to the outside via the signal line 32.

The centrifuge according to the current embodiment of the present invention is
operated as follows.

A sample to be centrifuged is filled into the container 20, and the container 20 is
coupled to the rotator 10. As the container 20 is coupled to the rotator 10 via the
stopper portion 30, the axis P in a length direction of the container 20 is maintained at
a predetermined angle 6 with respect to the rotation axis O. Here, the stopper portion
30 closes the opening portion 21 of the container 20 such that the material inside the

container 20 does not flow outside.



WO 2008/002004 PCT/KR2007/000980

[56]

[57]

[58]

[59]

[60]

[61]

When the driving motor 12 connected to the rotator 10 is driven, the rotator 10
rotates around the rotation axis O. The container 20 is coupled to the rotator 10 and
thus the container 20 is rotated together with the rotator 10. As a centrifugal force is
applied to the material in the container 20, the material is centrifuged in the container
20 according to specific gravity. Hereinafter, the rotation speed of the rotator 10 for
performing centrifuging is referred to as a first speed.

When the material is separated into a plurality of layers according to the specific
gravity by centrifuging, a layer formed of a material having high specific gravity and
high fluid resistance is formed relatively far away from the center of the rotation axis
O and a layer formed of a material having low specific gravity and low fluid resistance
such as free oil, fat, and water is formed relatively near the rotation axis O. The layer
relatively far away from the center of the rotation axis O is a material having high
specific gravity such as stem cells. The stem cells are pressurized and adhered to a wall
surface of an end of the container 20 due to the adhesive force of the stem cells
themselves and the centrifugal force.

After centrifuging is performed, some of the layers of the separated material are
discharged outside to be collected. This process is performed by opening the opening
portion 21 of the container 20 by the operation of the stopper portion 30. When a
control signal from the controller 33 is input via the signal line 32 to the valve 31 of
the stopper portion 30, the valve 31 of the stopper portion 30 is operated such that the
opening portion 21 of the container 20 is opened toward the receiving unit 15 of the
rotator 10.

At the same time, the rotator 10 rotates at a second speed that is lower than the first
speed. That is, the rotation speed of the rotator 10 is reduced to a second speed which
is a critical speed that is predetermined so that some of the centrifuged layers can flow
downward due to gravity and so that at the same time the stem cells are maintained
inside the container 20.

When the rotation speed of the rotator 10 is reduced, the centrifugal force is
reduced, and the fluid in the container 20 may flow downward by gravity. Centrifugal
force and gravity are exerted in opposite directions to each other to the fluid inside the
container 20, and thus when the centrifugal force is reduced, layers of a fluid having a
low fluid resistance and a specific gravity start to flow toward the center of the rotation
axis O. A material having low specific gravity and low fluid resistance such as water,
free oil, fat, etc. which flows into the receiving unit 15 of the rotator 10 is affected by
gravity and centrifugal force to flow downward of the rotator 10 along inner walls of
the receiving unit 15.

For example, when stem cells are separated from fat tissue, and the angle at which

the center axis of the container is inclined with respect to the rotation axis of the rotator
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is 40 degrees, centrifugal force of 23G (RCF) is sufficient to retain just the stem cells
in the container and make the other fluid flow. Accordingly, here, the second speed can
be set as 400 rpm.

The centrifuge according to the current embodiment of the present invention can be
applied to all kinds of materials that can move downward along an inclined surface,
that is, both to liquids and solids such as liquid, powder, gel, a mixture of liquid and
solid, colloids, and solids that are nearly spherical.

Even when the amount of the above material is small, the material is affected by
friction because the material flows downward along a surface of the inner wall of the
container 20. While the rotator 10 is rotated, a centrifugal force is applied to the
material in the container 20, and since the inner wall surface of the container 20 are
inclined, the material inside the container 20 is subject to both gravity and centrifugal
force. As the speed of the rotator 10 is reduced and thus the centrifugal force becomes
less than the gravitational force, the material can flow downward due to gravity. Since
resistance to the downward flow of the material exists, the point of time at which the
material starts flowing downward depends on the characteristic of the material and thus
may vary.

Assuming an ideal state in which no friction is applied, when gravity and
centrifugal force applied to the material are the same, an equilibrium state results, in
which the material does not flow and the immobility state is maintained. However, in
reality, friction, that is, resistance to the fluid exists, and thus should be taken into
account.

FIG. 3 is a schematic view illustrating forces applied to a material provided that a
centrifugal force is not generated in a centrifuge according to an embodiment of the
present invention.

In FIG. 3, the container is fixed to form an angle a with respect to a horizontal
surface, thereby having an inclined surface As with respect to gravity. Here, it is
assumed that the centrifuge does not rotate and thus no centrifugal force is applied.
Only gravity G is applied to the material, and a component Gs of the gravity G in the
direction of the inclined surface As makes the material flow downward along the
inclined surface As of the container. A frictional force Fs due to a fluid resistance
between the material and the inclined surface As of the container is applied in an
opposite direction to the flow of the material, thereby resisting the downward flow of
the material.

FIG. 4A schematically illustrates forces of FIG. 3 changed to a state where a high
centrifugal force is applied.

When the rotator is rotated, a centrifugal force C is exerted on the material. The

centrifugal force C is applied horizontally, and thus a force Cs of the centrifugal force
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on the inclined surface As of the container makes the material flow upward. The
material is pressurized toward the inclined surface As of the container due to a total
force T of the centrifugal force C and gravity G. The centrifugal force C is applied to
be greater than the gravity G, and thus a force Ts of the total force T applied to the
material on the inclined surface As of the container is directed upward, and as the force
Ts on the inclined surface As of the container is greater than the frictional force Fs, the
material is moved upward along the inclined surface As of the container.

For the material to flow downward, the speed of the rotator needs to be reduced so
that the centrifugal force C may be decreased, or the inclined surface As needs to be
more inclined so that the component Gs of the gravity G in the direction of the inclined
surface As of the container may increase. In the centrifuge according to the current
embodiment of the present invention, the angle of the container is fixed with respect to
the rotator, and thus the inclined surface cannot be further inclined. Accordingly, the
rotation speed needs to be changed.

FIG. 4B schematically illustrates forces of FIG. 3 changed to a state where a low
centrifugal force is applied,;

In FIG. 4B, the speed of the rotator is reduced and thus the centrifugal force C is
reduced, and a force Cs of the centrifugal force on the inclined surface As of the
container is decreased. Accordingly, the force Ts of the total force T of gravity G and
centrifugal force C on the inclined surface As of the container makes the material flow
downward. When the speed of the rotator is reduced and the centrifugal force C
becomes less than gravity G, the material can flow downward along the inclined
surface As of the container; however, friction force Fs which is a fluid resistance
between the material and the inner wall surface of the container resists the flow of the
material. That is, the total force of the force of the centrifugal force C on the inclined
surface As of the container and the friction force Fs is applied opposite to the
component Gs of the gravity G in the direction of the inclined surface As. Accordingly,
when the force Ts on the inclined surface As of the container is greater than the
frictional force Fs operating as a resistance, the material can move downward.

The flow of the material downward is affected by two parameters.

First, gravity and centrifugal force are parameters concerning specific gravity.
Provided that the rotator is rotated at the same RPM, that is, at the same rotation speed,
the greater the rotation radius, the greater the centrifugal force. Accordingly, when the
rotation speed of the rotator is reduced, the layer nearest to the rotation axis starts to
flow down first. The greater the specific gravity of a layer is, the greater the rotation
radius of the layer is. Thus, while the speed of the rotator is reduced, a material
positioned at a relatively large rotation radius flows later than a material positioned at a

relatively smaller rotation radius. Accordingly, it is easier to obtain a material having a
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greater specific gravity. Also, a force that is created to move the material upward by
gravity and centrifugal force is called an elevating force, and the material moves
upward or downward along the inclined surface of the container depending on the size
of the elevating force.

Second, frictional force is a parameter concerning fluid resistance. Forces
disturbing the complex flow of a fluid are determined by various parameters. Examples
of the parameters are viscosity and cohesive force (surface tension) in the case of
liquids, and mobility, friction in the case of solids, and adhesiveness of semisolids (gel)
or mixed material. Such forces are types of frictional force. The total of all of such
forces can be expressed as anti- flow force or anti-falling force.

In the centrifuge according to an embodiment of the present invention, a material
having a large in specific gravity and high flow resistance can be easily separated from
a material having a low specific gravity and low flow resistance. In particular, when a
cell is separated, since a cell, which is an object material to be obtained, satisfies both
characteristics such as a large specific gravity and high flow resistance, and thus the
cell can be easily separated.

After all of lower fluids mostly formed of water components are discharged, the
valve 31 of the stopper portion 30 is operated to close the opening portion 21 of the
container 20. Then the rotation speed of the rotator 10 is reduced to stop the centrifuge.
During centrifuging, the fluid of the lowest layer in the container 20 is discharged
outside to the receiving unit 15 of the rotator 10, and thus only a material having a high
specific gravity, such as stem cells, remains in the container 20. Accordingly, there is
no need to segregate the layers that are centrifuged according to specific gravity after
the centrifuging, and thus a desired material can be easily obtained.

FIG. 5 is a side view illustrating a supporting structure of a container 20 according
to another embodiment of the present invention. FIG. 6 is a side view of a portion of a
centrifuge, illustrating the container of FIG. 5 in which a portion of separated material
is collected.

The centrifuge illustrated in FIG. 5 includes: a rotator 60 rotating around the
rotation axis; a container 20 that is coupled to the rotator 60 at a predetermined angle
0; and a stopper portion 70 opening or closing an opening portion 21 of the container
20.

In FIGS. 1 and 2, a receiving unit is formed in the rotator 10 to collect a
centrifuged material. However, in FIG. 5, instead of a receiving unit, a connecting
portion 80 is connected to the stopper portion 70 to discharge the centrifuged material
outside and collect the centrifuged material. The connecting portion 80 connects the
container 20 to the outside.

The connecting portion 80 may include at least one discharge pipe 81 discharging
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the material in the container 20 to the outside and at least one inflow pipe 82 injecting
a fluid into the container 20 from the outside. One discharge pipe 81 may be installed
for separating only a lower fluid of the container 20, or a plurality of discharge pipes
81 may be installed to distinguish each layer to discharge the layers.

The connecting portion 80 is connected to the container 20 via the stopper portion
70. The stopper portion 70 may include a valve 71 having a function of opening or
closing the connecting portion 80. The valve 71 can open or close the connecting
portion 80 by being controlled by a controller (not shown). The valve 71 may be
connected to the controller (not shown) via a signal line 72 or wirelessly.

The discharge pipe 81 is connected to a collection tank (not shown) that is installed
in the centrifuge and may help the material flowing down by gravity to be collected to
the collection tank. However, in order to further facilitate the collecting of the
centrifuged material, a pump (not shown) may also be used. That is, a pump may be
connected to the discharge pipe 81 and a negative pressure (less than atmospheric
pressure) produced by the pump is used to discharge the material in the container 20
through the discharge pipe 81 to the collection tank.

The inflow pipe 82 injects a fluid into the container 20. When the material in the
container 20 is discharged through the discharge pipe 81, a negative pressure is formed
inside the container 20. When a negative pressure is formed inside the container 20, a
phenomenon such as reflux may occur. Such phenomenon can be prevented by
injecting a fluid such as a dilution solution.

The connecting portion 80 can be connected to the outside of the container 20
through a rotation coupling (not shown). The rotation coupling (not shown) connects
the connecting portion 80 to the outside of the container 20 and at the same time is
rotated by twisting elasticity of the connecting portion 80, thus preventing the
connecting portion 80 from being twisted according to rotation of the rotator 60.

The centrifuge described above is operated as follows.

A material (sample) to be centrifuged is delivered into the container 20 and the
container 20 is coupled to the rotator 60. The container 20 is coupled to the rotator 60
by the stopper portion 70 and thus an axis P in a length direction of the container 20 is
maintained at a predetermined angle 0 with respect to a rotation axis O of the rotator
60. Here, the stopper portion 70 should close the opening portion 21 of the container
20 so that the material in the container 20 may not flow out to the outside.

When a driving motor (not shown) connected to the rotator 60 is driven, the rotator
60 rotates around the rotation axis O. Since the container 20 is coupled to the rotator
60, the container 20 is rotated together with the rotator 60. As a centrifugal force is
exerted on the material injected into the container 20, the material in the container 20 is

centrifuged according to specific gravity. While the rotator 60 is rotated around the
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rotation axis O, the axis P in a length direction of the container 20 is maintained at a
predetermined angle 0 with respect to the rotation axis O.

When the material is segregated into a plurality of layers according to specific
gravity by centrifuging, an outermost fluid layer 91 formed of a material having a high
specific gravity and high fluid resistance such as stem cells is formed relatively far
away from the rotation axis O. Inner fluid layers 92 formed of a material having a low
specific gravity and low fluid resistance are formed relatively near the rotation axis O.
The outermost fluid layer 91 including the stem cells is pressurized and adhered to a
wall surface of an end of the container 20 due to the adhesive force of the stem cells
themselves and the centrifugal force.

After centrifuging is completed, some of the layers of the separated material are
discharged to the outside to be collected. This process is performed by opening the
connecting portion 80 by the operation of the stopper portion 70. When a control signal
is input to the valve 71 of the stopper portion 70, the valve 71 of the stopper portion 70
is operated to open the connecting portion 80 connected to the container 20.

With the connecting portion 80 opened, when a pump (not shown) connected to the
discharge pipe 81 is operated, pressure is formed in the discharge pipe 81. The inner
fluid layers 92 in the container 20 are discharged to a collection tank (not shown) via
the discharge pipe 81 due to the pressure formed in the discharge pipe 81. Here, an
external fluid such as a dilution solution is injected into the container 20 via the inflow
pipe 82 to maintain a predetermined pressure inside the container 20 so as to prevent
formation of a negative pressure that is lower than atmospheric pressure.

After all of the inner fluid layers 92 mostly formed of water components are
discharged, the valve 71 of the stopper portion 70 is operated to close the connecting
portion 80 of the container 20. Then the rotation speed of the rotator 60 is reduced to
stop the centrifuge. During centrifuging, the inner fluid layers 92 in the container 20
are discharged outside, and thus only a material having a high specific gravity, such as
stem cells, remains in the container 20. Accordingly, there is no need to segregate the
layers that are centrifuged according to specific gravity after the centrifuging, and thus
a desired material can be easily obtained.

FIG. 7 is a flowchart illustrating a centrifugal method according to an embodiment
of the present invention.

Referring to FIG. 7, the centrifuging method according to the current embodiment
of the present invention includes: delivering a material into the container (S100);
detachably coupling the container to the rotator such that an opening portion of the
container is maintained at a predetermined angle with respect to a rotation axis of the
rotator (S110); centrifuging the material in the container by rotating the rotator (S120);

discharging some of the layers of the centrifuged material to the outside of the
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container by opening the stopper portion coupled to the opening portion while the
rotator (S130) is rotating; closing the stopper portion (S140); stopping the rotation of
the rotator (S150); and collecting the centrifuged material by separating the container
from the rotator (S160).

According to an current embodiment of the present invention, in operation S130 in
the centrifuging method where some of the layers of the centrifuged material are
discharged outside, the stopper portion is opened while the rotator is continuously
being rotated to discharge some of the layers of the material, and the rotation speed of
the rotator can be reduced to a second speed that is lower than a first speed in operation
S120. The second speed may be set such that some layers that are positioned on the
outer edge of the container are remained in the container and the rest of the layers can
be discharged through the opening portion of the container by gravity.

According to another embodiment of the present invention, in operation S130, a
discharge pipe connected to the container may be opened to discharge some layers to
the outside. Then a pump may be connected to the discharge pipe, and the material can
be discharged to the outside by pressure produced by the pump. Also, in operation
S130, an inflow pipe connected to the container may be opened by the stopper portion
to inject an external fluid such as a dilution solution into the container to keep the
pressure of the container constant.

The rotation speed of the rotator can be reduced to a second speed in operation
S130 in the current embodiment. However, since the material can be discharged
outside of the container via the discharge pipe by forming pressure in the discharge
pipe, reduction of the rotation speed of the rotator is not necessarily required.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made therein
without departing from the spirit and scope of the present invention as defined by the
following claims.

Industrial Applicability

The present invention relates to a centrifuge and a centrifuging method, and more
particularly, to a centrifuge and a centrifuging method in which, when centrifuging is
performed by rotation of a rotator, a layer of a material having low fluid resistance and
low specific gravity and a layer having high fluid resistance and high specific gravity
among the layers separated by centrifuging can be classified and collected accurately
and easily by opening an opening portion of a container.

The centrifuge and the centrifuging method according to the present invention can
be applied to all kinds of materials that can move downward along an inclined surface,

that is, both to liquids and solids such as liquid, powder, gel, a mixture of liquid and
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solid, colloids, and solids that are nearly spherical.
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Claims
A centrifuge comprising:
a rotator rotating around a rotation axis;
a container into which a material is received and comprising an opening portion,
inclined at a predetermined angle with respect to the rotation axis such that the
opening portion is directed downward, and detachably coupled to the rotator; and
a stopper portion that is coupled to the opening portion and closes the opening
portion, and when the speed of the rotator reaches a predetermined speed thereby
centrifuging the material, opens the opening portion such that the material in the
container flows outward.
The centrifuge of claim 1, wherein the stopper portion comprises a valve which
is operated according to an external signal and thus opens or closes the opening
portion.
The centrifuge of claim 2, wherein a receiving unit which receives a material
when the stopper portion is opened, is formed in the rotator.
The centrifuge of claim 2, wherein a connecting portion connecting the container
to the outside is connected to the stopper portion.
The centrifuge of claim 4, wherein the connecting portion comprises at least one
discharge pipe discharging the material of the container.
The centrifuge of claim 5, wherein the connecting portion further comprises an
inflow pipe delivering a fluid into the container from the outside.
A method of centrifuging comprising:
(a) delivering a material into a container;
(b) detachably coupling the container to a rotator at a predetermined angle with
respect to a rotation axis of the rotator such that an opening portion of the
container is directed downward;
(c) centrifuging the material in the container by rotating the rotator;
(d) opening the stopper portion coupled to the opening portion while con-
tinuously rotating the rotator to discharge some layers of the centrifuged material
to the outside of the container;
(e) closing the stopper portion;
(f) stopping the rotator; and
(g) separating the container from the rotator to collect the centrifuged material.
The method of claim 7, wherein, in (d), a discharge pipe connected to the
container via the stopper portion is opened to discharge some layers of the
centrifuged material.

The method of claim 8, wherein the discharge pipe is connected to a pump, and



17

WO 2008/002004 PCT/KR2007/000980

[10]

[11]

some layers of the centrifuged material are discharged to the outside of the
container by pressure produced by the pump.

The method of claim 9, wherein, in (d), an inflow pipe connected to the container
via the stopper portion is opened to deliver an external fluid into the container to
maintain the pressure of the container regular.

The method of claim 7, wherein, in (d), the rotator is rotated at a reduced speed
compared to the speed in (c), and the stopper portion is opened to discharge some

layers of the centrifuged material.
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