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METHOD AND DEVICE FOR
MANUFACTURING NANOFIBER

CROSS REFERENCE RELATED APPLICATION

[0001] This application claims foreign priority of Japanese
Patent Application No. 2010-272074, filed on Dec. 6, 2010
and Korean Patent Application No. 10-2011-0016681, filed
on Feb. 24,2011, which are incorporated by reference in their
entirety into this application

TECHNICAL FIELD

[0002] The present invention relates to an apparatus and a
method for manufacturing nano-fibers. In the present inven-
tion, “nano-fiber” means a fiber which is several nanometers
to thousands of nanometers in average diameter and is made
of'a polymer material. Moreover, a “polymer solution” means
a solution that polymer is dissolved in a solvent.

BACKGROUND ART

[0003] A nano-fiber manufacturing apparatus capable of
collecting a polymer solution overflowed from outlets of a
plurality of upward nozzles and reusing the collected polymer
solutions as raw materials for nano-fibers has been disclosed
(See Japanese Patent Publication No. 4402695). FIG. 6 is a
view for showing a conventional nano-fiber manufacturing
apparatus 900.

[0004] As shown in FIG. 6, the conventional nano-fiber
manufacturing apparatus 900 includes: a nozzle block 910
having a plurality of upward nozzles 912 for upwardly dis-
charging the polymer solution from outlets of the upward
nozzles 912 and a polymer solution supply channel 914 for
supplying the polymer solution to the corresponding plural
upward nozzles 912; a power supply 930 for applying high
voltage between the nozzle block 910 and a collector 920; a
tank 940 for storing the polymer solution which is a raw
material of nano-fiber; a measuring pump 950 for supplying
the polymer solution stored in the tank 940 to the polymer
solution supply channel 914 of the nozzle block 910; and a
collection pump 960 for collecting the polymer solution over-
flowed from the outlets of the plural upward nozzles 912 and
returning to the tank 940.

[0005] Because the conventional nano-fiber manufacturing
apparatus 900 discharges the polymer solution from the out-
lets of the plural upward nozzles 912 and field-emits nano-
fibers, it does not cause the droplet phenomenon of conven-
tional nano-fiber manufacturing apparatuses using downward
nozzles (droplet phenomenon means that a mass of polymer
solution which is not emitted from the downward nozzles is
attached to a long sheet as it is), and can manufacture nano-
fibers of high quality.

[0006] Moreover, because the conventional nano-fiber
manufacturing apparatus 900 field-emits nano-fibers while
overflowing the polymer solution from the outlets of the
plural upward nozzles 912, it can always supply a sufficient
amount of the polymer solution to the upward nozzles and
manufacture nano-fibers of uniform quality.

[0007] Furthermore, because the conventional nano-fiber
manufacturing apparatus 900 collects the polymer solution
overflowed from the outlets of the plural upward nozzles 912
and reuses the overflowed polymer solution as a raw material
of the nano-fibers, the nano-fiber manufacturing apparatus

Oct. 3,2013

900 can reduce costs of materials, and hence, can manufac-
ture nano-fibers at a low price. Additionally, it follows the
resource saving flow.

DISCLOSURE

Technical Problem

[0008] However, in connection with the conventional nano-
fiber manufacturing apparatus, according to study results by
the inventor of the present invention, it was confirmed that it
was actually difficult to mass-produce nano-fibers with uni-
form quality. That is, because the conventional nano-fiber
manufacturing apparatus has the structure to directly return
the collected polymer solution to the tank, composition of the
collected polymer solution is changed from the original poly-
mer solution due to volatilization of the solvent during the
collecting process. As the result, the conventional nano-fiber
manufacturing apparatus cannot uniformly keep the emission
conditions (in this case, the composition of the polymer solu-
tion) for a long time during the field emission process, and it
is difficult to mass-produce nano-fibers with uniform quality.
[0009] Therefore, the present invention has been made in an
effort to solve the above-mentioned problems occurring in the
prior arts, and it is an object of the present invention to provide
an apparatus and a method for manufacturing nano-fibers,
which can mass-produce nano-fibers with uniform quality at
a low manufacturing cost.

Technical Solution

[0010] To achieve the above objects, the present invention
provides a nano-fiber manufacturing apparatus, which
includes: a nozzle block having a plurality of upward nozzles
for upwardly discharging a polymer solution from outlets of
the upward nozzles and a polymer solution supply channel for
supplying the polymer solution to the upward nozzles; a
collector arranged above the nozzle block; and a power sup-
ply for applying high voltage between the upward nozzles and
the collector, and which is capable of field-emitting nano-
fibers by discharging the polymer solution from the outlets of
the plural upward nozzles while overtlowing the polymer
solution from the outlets of the plural upward nozzles, and at
the same time, collecting the polymer solution overflowed
from the outlets of the upward nozzles so as to the collected
polymer solution as a raw material of nano-fibers, the nano-
fiber manufacturing apparatus including: a polymer solution
collecting channel formed in the nozzle block for collecting
the polymer solution overtlowed from the outlets of the
upward nozzles; a raw material tank for storing the polymer
solution which becomes the raw material of the nano-fibers;
regeneration tanks adapted for regenerating the collected
polymer solution and for storing the regenerated polymer
solution; a middle tank for storing the polymer solution sup-
plied from the raw material tank or the regeneration tank; a
first transfer device for transferring the polymer solution from
the polymer solution collecting channel of the nozzle block to
the regeneration tank; a first transfer controller for controlling
a transfer operation of the first transfer device; a second
transfer device for transferring the polymer solution from the
raw material tank and the regeneration tank to the middle
tank; and a second transfer controller for controlling a trans-
fer operation of the second transfer device.

[0011] Moreover, the transfer device includes a pipe for
passing the polymer solution and a pump for transferring the
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polymer solution. Furthermore, the transfer control device
includes a valve for controlling the passage and a passing
amount of the polymer solution and a controller for control-
ling operations of the corresponding valve or the pump.
[0012] It is preferable that the second transfer controlling
device controls that the polymer solution is transferred from
which one of the raw material tank and the regeneration tank
to the middle tank.

[0013] Furthermore, “one of the raw material tank and the
regeneration tank” may be one of the raw material tank and
the regeneration tank and may be all of the raw material tank
and the regeneration tank.

[0014] The nano-fiber manufacturing apparatus includes a
plurality of regeneration tanks. It is preferable that the first
transfer controller controls that the polymer solution is trans-
ferred from which one of the regeneration tanks to the middle
tank, and in the case that the polymer solution is transferred
from the regeneration tank to the middle tank, the second
transfer controller controls that the polymer solution is trans-
ferred from which one of the regeneration tanks to the middle
tank.

[0015] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, the middle tank includes: a par-
tition wall for covering a portion where the polymer solution
is supplied; a bubble removal filter arranged at the bottom of
the partition wall; a first storage part for storing the polymer
solution before bubbles are removed by the bubble removal
filter; and a second storage part for storing the polymer solu-
tion after the bubbles are removed by the bubble removal
filter, and wherein the polymer solution stored in the second
storage part is supplied to the polymer solution supply chan-
nel of the nozzle block.

[0016] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, the middle tank includes a first
sensor for measuring a surface height of the polymer solution
in the second storage part, and the second transfer controller
controls a transfer operation of the second transfer device
according to the surface height measured by the first sensor.

[0017] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, the nozzle block comprises a
second sensor for measuring a surface height of the polymer
solution in the polymer solution collecting channel, and the
first transfer controller controls a transfer operation of the first
transfer device according to the surface height measured by
the second sensor.

[0018] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, the polymer solution collecting
channel includes: a receiving portion for receiving the poly-
mer solution overflowed from the outlets of the upward
nozzles; a cover covering the receiving portion and having a
plurality of nozzle holes respectively communicating with the
upward nozzles; and a plurality of jackets for covering sides
of the upward nozzles protruding from the nozzle holes.

[0019] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, it is preferable that the bottom of
the middle tank is located above the top of the upward
nozzles.

[0020] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, it is preferable that a measuring
pump is arranged between the middle tank and the nozzle
block for supplying the polymer solution stored in the middle
tank to the polymer solution supply channel of the nozzle
block.
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[0021] In the nano-fiber manufacturing apparatus accord-
ing to the present invention, it is preferable that the field
emission device further comprises another transfer device for
transferring a long sheet, and essentially comprises the nozzle
block and the collector in order to laminate nano-fibers on the
surface of the long sheet, and wherein a plurality of the field
emission devices are arranged in series in a transfer direction
of the long sheet.

[0022] In another aspect of the present invention, the
present invention provides a nano-fiber manufacturing
method, which includes the steps of field-emitting nano-fi-
bers by discharging a polymer solution from outlets of plural
upward nozzles while overflowing the polymer solution from
the outlets of the plural upward nozzles, and collecting the
polymer solution overflowed from the outlets of the upward
nozzles so as to reuse the collected polymer solution as the
raw material of nano-fibers, the nano-fiber manufacturing
method including the steps of: collecting the polymer solu-
tion overtlowed from the outlets of the plural upward nozzles
to a regeneration tank; measuring the content of a solvent in
the collected polymer solution; adding the solvent of a nec-
essary amount into the polymer solution on the basis of the
measured result, so that the polymer solution can be reused as
a raw material of nano-fibers.

Advantageous Effects

[0023] The nano-fiber manufacturing apparatus according
to the present invention, like the conventional nano-fiber
manufacturing apparatus, discharges the polymer solution
from the outlets of the plural upward nozzles and field-emits
nano-fibers, and hence, it does not cause the droplet phenom-
enon of the conventional nano-fiber manufacturing appara-
tuses using downward nozzles and can manufacture nano-
fibers of high quality.

[0024] Moreover, the nano-fiber manufacturing apparatus
according to the present invention, like the conventional
nano-fiber manufacturing apparatus, field-emits nano-fibers
while overflowing the polymer solution from the outlets of
the plural upward nozzles, and hence, can always supply a
sufficient amount of the polymer solution to the upward
nozzles and manufacture nano-fibers of uniform quality.

[0025] Furthermore, the nano-fiber manufacturing appara-
tus according to the present invention, like the conventional
nano-fiber manufacturing apparatus, collects the polymer
solution overflowed from the outlets of the plural upward
nozzles and reuses the overflowed polymer solution as a raw
material of the nano-fibers, and hence, it can reduce costs of
materials so as to manufacture nano-fibers at a low price.
Additionally, it follows the resource saving flow.

[0026] Additionally, the nano-fiber manufacturing appara-
tus according to the present invention transfers the collected
polymer solution to the regeneration tank, measures the com-
position of the corresponding polymer solution, and adds
necessary ingredients besides the solution to the polymer
solution according to the measured results, so that the nano-
fiber manufacturing apparatus can regenerate the correspond-
ing polymer solution into a polymer solution which has the
same composition as the original polymer solution or which
is very similar in composition to the original polymer solu-
tion. Therefore, the nano-fiber manufacturing apparatus
according to the present invention can collect and reuse the
overflowed polymer solution as a raw material of nano-fibers,
uniformly keep the emission conditions (in this case, the
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composition of the polymer solution) for a long time during
the field emission process, and mass-produce nano-fibers
with uniform quality.

[0027] As aresult, the nano-fiber manufacturing apparatus
according to the present invention can mass-produce nano-
fibers with uniform quality at a low manufacturing cost.
[0028] The nano-fiber manufacturing apparatus according
to the present invention transfers the polymer solution from
the raw material tank to the middle tank when the regenerated
polymer solution is not stored in the regeneration tank or is
not sufficiently stored in the regeneration tank, and transfers
the polymer solution from the regeneration tank to the middle
tank when the regenerated polymer solution is sufficiently
stored in the regeneration tank, so as to properly control a
supply source of the polymer solution transterred to the
middle tank according to the amount of the polymer solution
stored in the regeneration tank.

[0029] The nano-fiber manufacturing apparatus according
to the present invention can use a plurality of the regeneration
tanks in order (by turns) so as to carry out regeneration of the
collected polymer solution without a stop.

[0030] The nano-fiber manufacturing apparatus according
to the present invention can manufacture nano-fibers of more
uniform quality because the polymer solution from which
bubbles are removed by the bubble removal filter is always
supplied to the upward nozzles.

[0031] The nano-fiber manufacturing apparatus according
to the present invention can always supply the polymer solu-
tion to the upward nozzles at a predetermined pressure in
stability without regard to the amount of the polymer solution
stored in the raw material tank and the regeneration tank.
[0032] The nano-fiber manufacturing apparatus according
to the present invention can effectively transfer the polymer
solution to the regeneration tank because it can transfer the
corresponding polymer solution to the regeneration tank at
the place where the polymer solution is collected in the poly-
mer solution collecting channel to some degree.

[0033] The nano-fiber manufacturing apparatus according
to the present invention can prevent scattering of the over-
flowed polymer solution and effectively collect the corre-
sponding polymer solution by the operation of jackets. More-
over, the nano-fiber manufacturing apparatus can prevent
volatilization of the solvent from the polymer solution by the
operation of a cover.

[0034] The nano-fiber manufacturing apparatus according
to the present invention can stably supply the polymer solu-
tion to the upward nozzles using gravity.

[0035] The nano-fiber manufacturing apparatus according
to the present invention can stably supply the polymer solu-
tion to the upward nozzles at a wanted pressure using the
measuring pump.

[0036] The nano-fiber manufacturing apparatus according
to the present invention can mass-produce nano-fibers with
higher productivity. Furthermore, the nano-fiber manufactur-
ing apparatus can mass-produce products which are formed
by laminating the nano-fibers thick or which are formed by
laminating nano-fibers of various kinds.

[0037] The nano-fiber manufacturing method according to
the present invention, like the nano-fiber manufacturing appa-
ratus, can mass-produce nano-fibers with uniform quality at a
low manufacturing cost.

[0038] Additionally, the nano-fiber manufacturing method
according to the present invention may include the steps of
measuring the content of the solvent and materials (for
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instance, polymer, additives, etc.) in the collected polymer
solution and adding the solvent and the materials (for
instance, polymer, additives, etc.) according to the measured
result.

[0039] The field emission device or the nano-fiber manu-
facturing apparatus according to the present invention can
manufacture nano-fibers which are widely usable for medical
supplies of high-functional and high-sensitive textiles, beauty
care supplies such as health care and skin care products,
industrial materials such as wiping clothes and filters, elec-
tronic and mechanical materials such as separators of second-
ary cells, separators of condensers, carriers of various cata-
lysts, and various sensor materials, medical materials such as
reclaimed medical materials, bio-medical materials, medical
MEMS materials, and bio-sensor materials, and other mate-
rials.

DESCRIPTION OF DRAWINGS

[0040] FIG.1is a front view of a nano-fiber manufacturing
apparatus according to a first preferred embodiment of the
present invention.

[0041] FIG. 2 is a front view of a field emission device
according to the first preferred embodiment of the present
invention.

[0042] FIG. 3isaview showing a nozzle block according to
the first preferred embodiment of the present invention.
[0043] FIG. 4 is a front view of a field emission device
according to a second preferred embodiment of the present
invention.

[0044] FIG. 5 is a front view of a nano-fiber manufacturing
apparatus according to a third preferred embodiment of the
present invention.

[0045] FIG. 6 is a front view of a nano-fiber manufacturing
apparatus according to a prior art.

MODE FOR INVENTION

[0046] Hereinafter, apparatus and method for manufactur-
ing nano-fibers according to the present invention will be
described in more detail based on the embodiments.

Embodiment 1

[0047] FIG.1is a front view of a nano-fiber manufacturing
apparatus according to a first preferred embodiment of the
present invention.

[0048] FIG. 2 is a front view of a field emission device
according to the first preferred embodiment of the present
invention. In FIGS. 1 and 2, a case 100, a nozzle block 110, a
raw material tank 200, a middle tank 230, and regeneration
tanks 270 and 272 are illustrated in a sectional view.

[0049] FIG. 3isaview showing a nozzle block according to
the first preferred embodiment of the present invention,
wherein FIG. 3(a) is a sectional view of the nozzle block, and
FIG. 3(b) is an enlarged view of the A part of FIG. 3(a).
[0050] Thedrawings are mimetic diagrams, and sizes of the
components may be not exactly realistic.

[0051] 1. Structure of the Nano-Fiber Manufacturing
Apparatus 1 According to the First Preferred Embodiment
[0052] As shown in FIG. 1, the nano-fiber manufacturing
apparatus 1 according to the first preferred embodiment
includes: a transfer device 10 for transferring a long sheet (W)
at a predetermined transfer speed; a field emission device for
laminating nano-fibers on the long sheet (W) transferred by
the transfer device 10; a heater 30 for heating the long sheet
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(W) on which the nano-fibers are laminated; a permeability
measuring device 40 for measuring permeability of the long
sheet (W) on which the nano-fibers are laminated by the field
emission device 20; a transfer speed controller 50 (not shown)
for controlling the transfer speed based on the permeability
measured by the permeability measuring device 40; a main
controller 60 (not shown) for controlling the transfer device
10, the field emission device 20, the heater 30, the permeabil -
ity measuring device 40, the transfer speed controller 50, and
a VOC processing device 70, which will be described later;
and the VOC processing device 70 (not shown) for burning
and removing volatile materials generated when the nano-
fibers are laminated on the long sheet (W).

[0053] The nano-fiber manufacturing apparatus 1 accord-
ing to the first preferred embodiment is provided two field
emission devices 20 which are arranged in series in a transfer
direction of the long sheet (W).

[0054] The transfer device 10 includes: an input roller 11
for putting in the long sheet (W); a winding roller 12 for
winding the long sheet (W); and an auxiliary roller 13 located
between the input roller 11 and the winding roller 12. The
input roller 11 and the winding roller 12 are rotatably oper-
ated by a driving motor (not shown).

[0055] The structure of the field emission device 20 will be
described later.
[0056] Theheater 30 isarranged between the field emission

device 20 and the permeability measuring device 40 and heats
the long sheet (W) on which the nano-fibers are laminated.
The heating temperature is varied according to kinds of the
long sheet (W) or the nano-fibers, but for instance, the heater
30 can heat the long sheet (W) at temperature ranging from 50
degrees to 300 degrees.

[0057] As the permeability measuring device 40, one of
general permeability measuring devices may be used.
[0058] Hereinafter, the structure of the field emission
device 20 will be described in detail.

[0059] As shown in FIG. 2, the field emission device 20
includes a case 100, a nozzle block 110, a collector 150, a
power supply 160, an auxiliary belt unit 170, a raw material
tank 200, a second transfer device 210, a second transfer
controller 220, a middle tank 230, a supply device 240, a
supply controller 242, a first transfer device 250, a first trans-
fer controller 260, and regeneration tanks 270 and 272.
[0060] The case 100 is made of a conductive material.
[0061] As shown in FIG. 3(a), the nozzle block 110
includes a plurality of upward nozzles 126, a polymer solu-
tion supply channel 114, a polymer solution collecting chan-
nel 120, and a second sensor 142.

[0062] The nano-fiber manufacturing apparatus according
to the present invention can use nozzle blocks having various
sizes and various shapes, but for instance, the nozzle block
110 has a size and a shape which is seen as a rectangle
(including a square) having one side of 0.5 m to 3 m when it
is viewed from the top.

[0063] As shown in FIG. 3(b), each of the plural upward
nozzles 126 includes a nozzle foundation part 130 which is a
foundation of the upward nozzle 126, a nozzle middle part
128 which is the middle part of the upward nozzle 126, and a
nozzle front end part 132 which is the front end part of the
nozzle 126. The upward nozzle 126 includes a threaded por-
tion (its detailed description will be omitted), which is formed
at the foundation part of the upward nozzle 126 in correspon-
dence to a threaded portion 118 (which will be described
later) of the polymer solution supply channel. The inside of
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the upward nozzle 126 is hollow, and the hollow inside of the
upward nozzle 126 is communicated with a hollow inside of
the polymer solution supply channel 114. The upward nozzle
126 upwardly discharges the polymer solution from an outlet.
The upward nozzles 126 are made of a conductive material,
for instance, copper, stainless steel aluminum, and so on.
[0064] The plural upward nozzles 126 are arranged, for
instance, at a pitch of 1.5 cm to 6.0 cm.

[0065] The number of the plural upward nozzles 126 is, for
instance, 36 (6x6 in the case that they are arranged with the
equal numbers widthwise and lengthwise) to 21904 (148x
148 in the case that they are arranged widthwise and length-
wise).

[0066] The nozzle front end part 132 has a shape cut along
a plane obliquely crossing an axis of a cylinder. An angle
formed between the axis of the cylinder and the plane is 50
degrees.

[0067] The nozzle front end part 132 has an inclined por-
tion 133 formed at the front end side, the front end of the
inclined portion 133 is located above the front end of a jacket
134. Moreover, the foundation end of the inclined portion 133
is located below the jacket 134.

[0068] Thenozzle middle part 130 is formed in an approxi-
mately cylindrical shape.

[0069] The nozzle foundation part 130 is formed in a hex-
agonal cylindrical shape.

[0070] As shown in FIG. 3(a), the polymer solution supply
channel 114 is formed in an approximately rectangular par-
allelepiped, has a hollow inside, and supplies the polymer
solution from the supply device 240 to the plural upward
nozzles 126 through the hollow inside. The polymer solution
supply channel 114 has a connection part 116 which is con-
nected with the supply device, and is connected with the
supply device 240 at the connection part 116. Additionally,
the polymer solution supply channel 114 further includes the
threaded portion 118. In the nano-fiber manufacturing appa-
ratus 1 according to the present invention, the polymer solu-
tion supply channel 114 and the upward nozzles 126 are
joined with each other by screw-coupling between the
threaded portion 118 of the polymer solution supply channel
and the threaded portion of the upward nozzle.

[0071] The polymer solution collecting channel 120
includes a receiving portion 121, a recess portion 124, a cover
123, and a plurality of the jackets 134. The polymer solution
collecting channel 120 collects the polymer solution over-
flowed from the outlets of the plural upward nozzles 126.
[0072] The receiving portion 121 receives the polymer
solution overflowed from the outlets of the plural upward
nozzles 126. The receiving portion 121 is arranged above the
polymer solution supply channel 114. The receiving portion
121 is somewhat inclined toward the recess portion 124 and
serves to guide the received polymer solution toward the
recess portion 124.

[0073] Therecess portion 124 is arranged on the side of the
receiving portion 121. The recess portion 124 has a connec-
tion portion 125 formed at the bottom to be connected with
the first transfer device, and is connected with the first transfer
device 250 at the connection portion 125 of the corresponding
first transfer device.

[0074] The cover 123 covers the receiving portion 121 and
has a plurality of nozzle holes respectively communicating
with the upward nozzles 126. Moreover, the cover 123 has
threaded portions 122 formed around the nozzle holes.
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[0075] The jackets 134 respectively cover the sides of the
upward nozzles 126 protruding from the plural nozzle holes.
Each of the jackets 134 includes a jacket foundation portion
138 and a jacket front end portion 140. In the jacket 134, the
jacket front end portion 140 has a cylindrical shape with a
uniform thickness, and has a shape that the thickness is gradu-
ally reduced from the connection portion 136 formed
between the jacket front end portion 140 and the jacket foun-
dation portion 138 toward the front end of the jacket 134.

[0076] The jacket 134 has the threaded portion formed at
the foundation side of the jacket foundation portion 138 in
correspondence with the threaded portion 122 of the cover,
and its detailed description will be omitted.

[0077] Inthe nano-fiber manufacturing apparatus 1 accord-
ing to the present invention, the cover 123 and the jacket 134
are joined with each other by screw-coupling between the
threaded portion 122 of the cover and the threaded portion of
the jacket.

[0078] The second sensor 142 measures the surface height
of the polymer solution in the polymer solution collecting
channel 120. In detail, the second sensor 142 is arranged on
the wall surface of the recess portion 124 and measures the
surface height of the polymer solution which fills the recess
portion 124.

[0079] The second sensor 124 is, for instance, an optical
fiber sensor.
[0080] Thecollector 150 is arranged above the nozzle block

110. The collector 150 is made of a conductive material, and
as shown in FIG. 2, and is attached to the case 100 through an
insulation member 152.

[0081] The field emission device 20 field-emits nano-fibers
by discharging the polymer solution from the outlets of the
plural upward nozzles 126 while overflowing the polymer
solution from the outlets of the plural upward nozzles 126.

[0082] Thepower supply 160 applies high voltage between
the plural upward nozzles 126 and the collector 150. The
positive pole of the power supply 160 is connected to the
collector 150 and the negative pole of the power supply 160 is
connected to the nozzle block 110 through the case 100.

[0083] The auxiliary beltunit 170 includes an auxiliary belt
172 rotating in synchronization with the transfer speed of the
long sheet (W), and five rollers 174 for the auxiliary belt to
help rotation of the auxiliary belt 172. One or two of the five
rollers 174 are driving rollers and the remaining rollers are
driven rollers. Because the auxiliary belt 172 is arranged
between the collector 150 and the long sheet (W), the long
sheet (W) is transterred smoothly without being pulled to the
collector 150 to which the high voltage of the positive pole is
applied.

[0084] The raw material tank 200 stores the polymer solu-
tion which is a raw material of nano-fibers. The raw material
tank 200 includes a stirrer 201 mounted therein for preventing
separation or coagulation of the polymer solution. A pipe 212
of the second transfer device 210 is connected to the raw
material tank 200.

[0085] The second transfer device 210 transfers the poly-
mer solution from the raw material tank 200 or the regenera-
tion tanks 270 and 272 to the middle tank 230. The second
transfer device 210 includes the pipe 212 for connecting the
raw material tank 200 with the middle tank 230, and a pipe
214 for connecting the regeneration tanks 270 and 272 with
the middle tank 230. Moreover, the front end of the pipe 212
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is connected to a first storage part 236 (which will be
described later) and the rear end of the pipe 214 is connected
to the pipe 212.

[0086] The second transfer controller 220 controls the
transfer operation of the second transfer device 210. The
second transfer controller 220 has valves 222, 224, 226 and
228.

[0087] The valve 222 controls the transfer of the polymer
solution from the raw material tank 200.

[0088] The valve 224 controls an amount of the polymer
solution introduced from the raw material tank 200 and the
regeneration tanks 270 and 272 to the middle tank 230. The
control by the valve 224 is achieved according to the surface
height measured by the first sensor 239, which will be
described later.

[0089] The valve 226 controls the transfer of the polymer
solution from the regeneration tank 270.

[0090] The valve 228 controls the transfer of the polymer
solution from the regeneration tank 272.

[0091] The second transfer controller 220 controls that the
polymer solution is transferred from which one of the raw
material tank 200 and the regeneration tanks 270 and 272 to
the middle tank 230 by the valves 222, 224, 226 and 228.
Furthermore, the second transfer controllers 220 control the
transfer operation of the second transfer device 210 according
to the surface height, which is measured by the first sensor
239, by the valve 224. Additionally, in the case that the poly-
mer solution is transferred from the regeneration tanks 270
and 272 to the middle tank 230 by the valves 226 and 228, the
second transfer controller 220 controls that the polymer solu-
tion is transferred from which one of the regeneration tanks
270 and 272.

[0092] The middle tank 230 stores the polymer solution
supplied from the raw material tank 200 or the regeneration
tanks 270 and 272. The middle tank 230 is arranged in such a
way that the bottom of the middle tank 230 is located above
the top of each upward nozzle 126.

[0093] The middle tank 230 includes a partition wall 232, a
bubble removal filter 234, and the first sensor 239.

[0094] The partition wall 232 covers a portion where the
polymer solution is supplied.

[0095] The bubble removal filter 234 is arranged at the
bottom of the partition wall 232 and removes bubbles from
the polymer solution passing through the filter 234. The
bubble removal filter 234 has a net-shaped structure having
meshes of, for instance, about 0.1 mm.

[0096] The middle tank 230 includes a first storage part 236
for storing the polymer solution before bubbles are removed
by the bubble removal filter 234 and a second storage part 238
for storing the polymer solution after the bubbles are removed
by the bubble removal filter 234.

[0097] The second storage part 238 is connected with the
polymer solution supply channel 114 by the supply device
240, and hence, the polymer solution stored in the second
storage part 238 is supplied to the polymer solution supply
channel 114 of the nozzle block 110.

[0098] The first sensor 239 measures the surface height of
the polymer solution in the second storage part 238. The first
sensor is, for instance, an optical fiber sensor.

[0099] The supply device 240 has one pipe and supplies the
polymer solution stored in the second storage part 238 of the
middle tank 230 to the polymer solution supply channel 114
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of the nozzle block 110. Additionally, it is preferable that at
least one supply device is provided in relation with one nozzle
block.

[0100] The supply controller 242 includes the one pipe
mounted on the supply device 240 and controls the supply
operation of the supply device 240.

[0101] The first transfer device 250 has a pipe 252 and a
pump 254, and transfers the polymer solution from the poly-
mer solution collecting channel 120 ofthe nozzle block 110 to
the regeneration tanks 270 and 272.

[0102] The pump 254 generates a driving power to transfer
the polymer solution to the regeneration tanks 270 and 272
which are located above the nozzle block 110.

[0103] The first transfer controller 260 controls the transfer
operation of the first transfer device 250. The first transfer
controller 260 includes valves 264 and 266, and a controller
(not shown) of the pump 254.

[0104] The valve 264 controls the transfer of the polymer
solution from the polymer solution collecting channel to the
regeneration tank 270.

[0105] The valve 266 controls the transfer of the polymer
solution from the polymer solution collecting channel to the
regeneration tank 272.

[0106] The first transfer controller 260 controls that the
polymer solution is transterred to which one of the regenera-
tion tanks 270 and 272.

[0107] Moreover, the first transfer controller 260 controls
the transfer operation of the first transfer device 250 accord-
ing to the surface height of the polymer solution, which is
measured by the second sensor 142, by the valves 264 and 266
and the controller of the pump 254.

[0108] The plural regeneration tanks 270 and 272 are tanks
for regenerating the collected polymer solution, and store the
regenerated polymer solution. The regeneration tanks 270
and 272 respectively have stirrers 271 and 273 for preventing
separation or coagulation of the polymer solution.

[0109] According to the above structure, the nano-fiber
manufacturing apparatus 1 according to the first preferred
embodiment can collect the polymer solution overflowed
from the outlets of the plural upward nozzles and reuse the
collected polymer solution as a raw material of nano-fibers.

[0110] 2. Nano-Fiber Manufacturing Method Using the
Nano-Fiber Manufacturing Apparatus 1 According to the
First Preferred Embodiment

[0111] The nano-fiber manufacturing method according to
the first preferred embodiment includes the steps of field-
emitting nano-fibers by discharging the polymer solution
from the outlets of the plural upward nozzles 126 while over-
flowing the polymer solution from the outlets of the plural
upward nozzles 126, and collecting the polymer solution
overflowed from the outlets of the upward nozzles 126 so as
to reuse the collected polymer solution as the raw material of
nano-fibers.

[0112] First, the polymer solution is transferred from the
raw material tank 200 to the middle tank 230 by the pipe 212
of'the second transfer device 210. Next, the polymer solution
transferred from the first storage part 232 to the second stor-
age part 234 through the bubble removal filter 234 in the
middle tank 230 is supplied to the polymer solution supply
channel 114 through the supply device 240. The nano-fiber
manufacturing apparatus 1 field-emits nano-fibers by dis-
charging the polymer solution from the outlets of the plural
upward nozzles 126 while overflowing the polymer solution
from the outlets of the plural upward nozzles 126.
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[0113] Moreover, the nano-fiber manufacturing apparatus
1 collects the overflowed polymer solution in the polymer
solution collecting channel 120. At the portion where the
polymer solution is collected in the recess portion 124 to
some degree, the polymer solution is transferred and col-
lected to the regeneration tank 270 using the first transfer
device 250.

[0114] After the polymer solution of a predetermined
amount is collected in the regeneration tank 270, the place to
which the polymer solution is transferred by the first transfer
device 250 is changed to the regeneration tank 272 by the first
transfer controller 260. Therefore, the overflowed polymer
solution is collected to the regeneration tank 272, and hence,
the overflowed polymer solution does not enter the regenera-
tion tank 270 while a post process is carried out in the regen-
eration tank 270.

[0115] Continuously, the content of the solvent and addi-
tives contained in the collected polymer solution is measured.
The measurement may be carried out by extracting some of
the polymer solution from the regeneration tank 270 as a
sample and analyzing the sample. Analysis of the polymer
solution may be carried out by one of the well-known meth-
ods.

[0116] Next, based on the measurement results, necessary
amounts of the solvent and additives are added to the polymer
solution. Accordingly, the collected polymer solution is
regenerated. After that, the polymer solution inside the regen-
eration tank 270 is transferred from the raw material tank 200
to the middle tank 230 using the pipe 212 of the second
transfer device 210. In lieu of or together with the polymer
materials of the raw material tank 200, the polymer solution
inside the regeneration tank 270 is used to do field-emission,
so that the polymer solution inside the regeneration tank 270
can be reused as the raw material of nano-fibers.

[0117] Furthermore, after the polymer solution of the pre-
determined amount is collected in the regeneration tank 272,
in the same way as the steps carried out after the polymer
solution of the predetermined amount is collected in the
regeneration tank 270, the polymer solution inside the regen-
eration tank 272 can be reused as the raw material of nano-
fibers.

[0118] Hereinafter, emission conditions in the nano-fiber
manufacturing method according to the first preferred
embodiment will be described exemplarily.

[0119] The long sheet may be made of one of various mate-
rials, such as non-woven fabrics, textiles, and knitted goods.
The long sheet may be, for instance, 5 um to 500 um in
thickness, and 10 m to 10 km in length.

[0120] Polymer which is the raw material of nano-fibers
may be, for example, polylactic acid (PLA), polypropylene
(PP), polyvinyl acetate (PVAc), polyethylene terephthalate
(PET), polybutylene terephthalate (PBT), Polyethylene
naphthalate (PEN), polyamide (PA), polyurethane (PUR),
polyvinyl alcohol (PVA), polyacrylonitrile (PAN), polyether-
imide (PEI), Polycaprolactone (PCL), polylactic-co-glycolic
acid (PLGA), silk, cellulose, chitosan, and so on.

[0121] The solvent used inthe polymer solution may be, for
example, dichloromethane, dimethyl formamide, dimethyl
sulfoxide, methyl ethyl ketone, chloroform, acetone, water,
formic acid, acetate, cyclohexane, THF, and so on. Alterna-
tively, solvents of various kinds may be mixed. It is possible
to add conductive improvers to the polymer solution.

[0122] Permeability of the manufactured nano-fiber non-
woven fabric may be, for instance, 0.15 cm*/cm?®/5~20015
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cm®/cm?. The transfer speed may be, for instance, 0.2
m/minute to 100 m/minute. Electric voltage applied to the
nozzle block 110 and the collector 150 may be 10kV to 80kV,
and preferably, 50 kV.

[0123] Temperature of the emission zone may be, for
instance, 25, and humidity may be, for instance, 30%.
[0124] 3. Effects of the Nano-Fiber Manufacturing Appa-
ratus 1 and the Nano-Fiber Manufacturing Method According
to the First Preferred Embodiment

[0125] The nano-fiber manufacturing apparatus 1 accord-
ing to the first preferred embodiment, like the conventional
nano-fiber manufacturing apparatus, discharges the polymer
solution from the outlets of the plural upward nozzles and
field-emits nano-fibers, and hence, it does not cause the drop-
let phenomenon of the conventional nano-fiber manufactur-
ing apparatuses using downward nozzles and can manufac-
ture nano-fibers of high quality.

[0126] Moreover, the nano-fiber manufacturing apparatus
1 according to the first preferred embodiment, like the con-
ventional nano-fiber manufacturing apparatus, field-emits
nano-fibers while overflowing the polymer solution from the
outlets of the plural upward nozzles, and hence, can always
supply a sufficient amount of the polymer solution to the
upward nozzles and manufacture nano-fibers of uniform
quality.

[0127] Furthermore, the nano-fiber manufacturing appara-
tus 1 according to the first preferred embodiment, like the
conventional nano-fiber manufacturing apparatus, collects
the polymer solution overtlowed from the outlets of the plural
upward nozzles and reuses the overflowed polymer solution
as a raw material of the nano-fibers, and hence, it can reduce
costs of materials so as to manufacture nano-fibers at a low
price. Additionally, it follows the resource saving flow.
[0128] Additionally, the nano-fiber manufacturing appara-
tus 1 according to the first preferred embodiment transfers the
collected polymer solution to the regeneration tank, measures
the composition of the corresponding polymer solution, and
adds necessary materials besides the solution into the poly-
mer solution according to the measured results, so that the
nano-fiber manufacturing apparatus can regenerate the poly-
mer solution which has the same composition as the original
polymer solution or which is very similar in composition to
the original polymer solution. Therefore, the nano-fiber
manufacturing apparatus 1 according to the first preferred
embodiment can collect and reuse the overflowed polymer
solution as a raw material of nano-fibers, uniformly keep the
emission conditions (in this case, the composition of the
polymer solution) for a long time during the field emission
process, and mass-produce nano-fibers with uniform quality.
[0129] As a result, the nano-fiber manufacturing apparatus
according to the first preferred embodiment can mass-pro-
duce nano-fibers with uniform quality at a low manufacturing
cost.

[0130] In the nano-fiber manufacturing apparatus accord-
ing to the first preferred embodiment, because the second
transfer controller 220 controls that the polymer solution is
transferred from which one of the raw material tank 200 and
the regeneration tanks 270 and 272 to the middle tank 230, the
nano-fiber manufacturing apparatus can properly control a
supply source of the polymer solution transterred to the
middle tank according to the amount of the polymer solution
stored in the regeneration tank.

[0131] Moreover, in the nano-fiber manufacturing appara-
tus according to the first preferred embodiment, because the
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first transtfer controller 260 controls that the polymer solution
is transterred to which one of the plural regeneration tanks
270 and 272 and the second transfer controller 220 controls
that the polymer solution is transferred from which one of
plural regeneration tanks 270 and 272 to the middle tank 230
when the polymer solution is transferred from the regenera-
tion tanks 270 and 272 to the middle tank 230, the nano-fiber
manufacturing apparatus uses a plurality of the regeneration
tanks 270 and 272 in order (by turns) so as to carry out
regeneration of the collected polymer solution without a stop.
[0132] Furthermore, in the nano-fiber manufacturing appa-
ratus according to the first preferred embodiment, the middle
tank 230 includes: the partition wall 232 covering the portion
where the polymer solution is supplied; the bubble removal
filter 234 arranged at the bottom of the partition wall 232; a
first storage part 236 for storing the polymer solution before
bubbles are removed by the bubble removal filter 234; and the
second storage part 238 for storing the polymer solution after
the bubbles are removed by the bubble removal filter 234, and
the polymer solution stored in the second storage part 238 is
supplied to the polymer solution supply channel 114 of the
nozzle block 110. Accordingly, the nano-fiber manufacturing
apparatus can manufacture nano-fibers of more uniform qual-
ity because the polymer solution from which bubbles are
removed by the bubble removal filter is always supplied to the
upward nozzles.

[0133] Additionally, in the nano-fiber manufacturing appa-
ratus according to the first preferred embodiment, the middle
tank 230 includes the first sensor 239 for measuring the sur-
face height of the polymer solution in the second storage part
238, and the second transfer controller 220 controls the trans-
fer operation of the second transfer device 210 according to
the surface height measured by the first sensor 239. There-
fore, the nano-fiber manufacturing apparatus can always sup-
ply the polymer solution to the upward nozzles at a predeter-
mined pressure in stability without regard to the amount of the
polymer solution stored in the raw material tank and the
regeneration tank.

[0134] In addition, in the nano-fiber manufacturing appa-
ratus according to the first preferred embodiment, the nozzle
block 110 includes the second sensor 142 for measuring the
surface height of the polymer solution in the polymer solution
collecting channel 120, and the first transfer controller 260
controls the transfer operation of the first transfer device 250
according to the surface height measured by the second sen-
sor 142. Therefore, the nano-fiber manufacturing apparatus
can effectively transfer the polymer solution to the regenera-
tion tank because it can transfer the corresponding polymer
solution to the regeneration tank at the place where the poly-
mer solution is collected in the polymer solution collecting
channel to some degree.

[0135] Moreover, in the nano-fiber manufacturing appara-
tus according to the first preferred embodiment, the polymer
solution collecting channel 120 includes: the receiving por-
tion 121 for receiving the polymer solution overflowed from
the outlets of the upward nozzles 126; the cover 123 covering
the receiving portion 121 and having a plurality of nozzle
holes respectively communicating with the upward nozzles
126; and a plurality of the jackets 134 for covering sides of the
upward nozzles 126 protruding from the nozzle holes. There-
fore, the nano-fiber manufacturing apparatus can prevent
scattering of the overflowed polymer solution and effectively
collect the corresponding polymer solution by the operation
ofjackets. Moreover, the nano-fiber manufacturing apparatus
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can prevent volatilization of the solvent from the polymer
solution by the operation of a cover.

[0136] Furthermore, the nano-fiber manufacturing appara-
tus according to the first preferred embodiment can stably
supply the polymer solution to the upward nozzles using
gravity, because the bottom of the middle tank 230 is located
above the top of the upward nozzles 126.

[0137] Additionally, the nano-fiber manufacturing appara-
tus according to the first preferred embodiment can mass-
produce nano-fibers with higher productivity, because
another transfer device 10 for transterring the long sheet (W)
is additionally provided and a plurality of the field emission
devices 20 are arranged in series in the transfer direction of
the long sheet (W). Furthermore, the nano-fiber manufactur-
ing apparatus can mass-produce products which are formed
by laminating the nano-fibers thick or which are formed by
laminating nano-fibers of various kinds.

[0138] Moreover, the nano-fiber manufacturing method
according to the first preferred embodiment, like the nano-
fiber manufacturing apparatus according to the first preferred
embodiment, can mass-produce nano-fibers with uniform
quality at a low manufacturing cost.

Experiment Example

[0139] The nano-fiber manufacturing apparatus 1 accord-
ing to the preferred embodiment of the present invention
field-emitted nano-fibers by discharging the polymer solution
from the outlets of the plural upward nozzles 126 while over-
flowing the polymer solution from the outlets of the plural
upward nozzles 126, and at the same time, collected the
polymer solution overflowed from the outlets of the upward
nozzles 126, and reused the collected polymer solution as the
raw material of nano-fibers. In detail, the nano-fiber manu-
facturing apparatus 1 measured the composition of the corre-
sponding polymer solution after transferring the collected
polymer solution to the regeneration tanks 270 and 272, and
at the same time, added solvent and other necessary materials
into the polymer solution according to the measured result so
as to regenerate the polymer solution.

[0140] Table 1 shows composition of the polymer solution
which becomes the raw material. Table 2 shows composition
of'the collected polymer solution. Table 3 shows composition
of regenerated polymer solution. Furthermore, in the Tables 1
to 3, “relative weight” means relative weight of each material
when weight of polyurethane is 100.

TABLE 1
Name of Material Relative Weight
Polyurethane (polymer) 100.0
Dimethylformamide 240.0
Dimethyl ethyl ketone (solvent) 160.0
TABLE 2
Name of Material Relative Weight
Polyurethane (polymer) 100.0
Dimethylformamide 199.2
Dimethyl ethyl ketone (solvent) 85.4
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TABLE 3
Name of Material Relative Weight
Polyurethane (polymer) 100.0
Dimethylformamide 240.0
Dimethy! ethyl ketone (solvent) 160.0

[0141] As shown in Tables 1 to 3, the nano-fiber manufac-
turing apparatus 1 according to the present invention regen-
erated the corresponding polymer solution into a polymer
solution which had the same composition as the original
polymer solution or which was very similar in composition to
the original polymer solution.

[0142] Furthermore, the nano-fiber manufacturing appara-
tus 1 according to the present invention regenerated the poly-
mer solution by adding 40.8 g of dimethylformamide and
74.6 g of methyl ethyl ketone per 100 g of polyurethane into
the collected polymer solution.

Embodiment 2

[0143] FIG. 4 is a front view of a field emission device
according to a second preferred embodiment of the present
invention. Moreover, in FIG. 4, a nozzle block 110, a raw
material tank 200, a middle tank 230, a regeneration tank 270,
and a storage tank 280 are illustrated in a sectional view.

[0144] The nano-fiber manufacturing apparatus 2 accord-
ing to the second preferred embodiment (not designated by a
reference numeral in drawings) is basically identical in struc-
ture with the nano-fiber manufacturing apparatus 1 according
to the first preferred embodiment, but is different in the num-
ber of the regeneration tanks and the structure of the first
transfer device from the nano-fiber manufacturing apparatus
according to the first preferred embodiment. Furthermore, the
nano-fiber manufacturing apparatus 2 according to the sec-
ond preferred embodiment is different in the structures of the
first transfer controller, the second transfer device and the
second transfer controller from the nano-fiber manufacturing
apparatus according to the first preferred embodiment. Here-
inafter, the nano-fiber manufacturing apparatus according to
the second preferred embodiment will be described, but has
the same reference numerals as that of the first preferred
embodiment because it is basically identical in structure with
that of the first preferred embodiment.

[0145] As shown in FIG. 4, the nano-fiber manufacturing
apparatus 2 according to the second preferred embodiment
includes one regeneration tank 270 in relation with one field
emission device 22. Furthermore, a first transfer device 251
has the storage tank 256 arranged between a polymer solution
collecting channel (no reference numeral in the drawing) of
the nozzle block 110 and a pump 252. The storage tank 256
serves to temporarily store the overflowed solution while the
polymer solution is regenerated in the regeneration tank 270.

[0146] A firsttransfer controller 266 includes one valve and
a controller (not shown) of the pump 254, and controls the
transfer operation of a first transfer device 251.

[0147] A second transfer device 211 transfers the polymer
solution from the raw material tank 200 or the regeneration
tank 270 to the middle tank 230. The second transfer device
211 has a pipe 212 for connecting the raw material tank 200
with the middle tank 230 and a pipe 213 for connecting the
regeneration tank 270 with the middle tank 230.
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[0148] The second transfer controller 221 controls the
transfer operation of the second transfer device 211. The
second transfer controller 221 has valves 222, 224 and 226.
[0149] As described above, because the nano-fiber manu-
facturing apparatus according to the second preferred
embodiment is different in the number of the regeneration
tanks and the structure of the first transfer device from the
nano-fiber manufacturing apparatus according to the first pre-
ferred embodiment but has the above-mentioned structure,
like the nano-fiber manufacturing apparatus 1 according to
the first preferred embodiment, the nano-fiber manufacturing
apparatus according to the second preferred embodiment can
regenerate the polymer solution which has the same compo-
sition as the original polymer solution or which is very similar
in composition to the original polymer solution by transfer-
ring the collected polymer solution to the regeneration tank
270, measuring the composition of the corresponding poly-
mer solution, and adding the solvent and other necessary
materials into the polymer solution according to the measured
result. Therefore, the nano-fiber manufacturing apparatus 2
according to the second preferred embodiment can collect
and reuse the overflowed polymer solution as a raw material
of nano-fibers, uniformly keep the emission conditions (in
this case, the composition of the polymer solution) for a long
time during the field emission process, and mass-produce
nano-fibers with uniform quality. As a result, the nano-fiber
manufacturing apparatus 2 according to the second preferred
embodiment can mass-produce nano-fibers with uniform
quality at a low manufacturing cost.

[0150] Moreover, the nano-fiber manufacturing apparatus
2 according to the second preferred embodiment has the same
effects as the nano-fiber manufacturing apparatus 1 according
to the first preferred embodiment because it has the same
structure as the nano-fiber manufacturing apparatus 1 accord-
ing to the first preferred embodiment except the number of the
regeneration tanks and the structure of the first transfer
device.

[0151] FIG.5 is a front view of a nano-fiber manufacturing
apparatus 3 according to a third preferred embodiment of the
present invention. In FIG. 5, a nozzle block 110, a raw mate-
rial tank 200, a middle tank 230 (not designated by areference
numeral in the drawing), a regeneration tank 270, and a stor-
age tank 280 are illustrated in a sectional view.

[0152] The nano-fiber manufacturing apparatus 3 accord-
ing to the third preferred embodiment is basically identical in
structure with the nano-fiber manufacturing apparatus 1
according to the first preferred embodiment, but is different
from the nano-fiber manufacturing apparatus 1 according to
the first preferred embodiment in that the raw material tank
and the regeneration tanks are located out of the field emis-
sion device. That is, as shown in FIG. 5, in the nano-fiber
manufacturing apparatus 3 according to the third preferred
embodiment, the raw material tank 200 and the regeneration
tanks 270 and 272 are located out of the field emission device
24, and two field emission devices 24 share the one raw
material tank 200 and the two regeneration tanks 270 and 272.
[0153] As described above, because the nano-fiber manu-
facturing apparatus 3 according to the third preferred embodi-
ment is different from the nano-fiber manufacturing appara-
tus 1 according to the first preferred embodiment in that the
raw material tank and the regeneration tanks are located out of
the field emission device but has the above-mentioned struc-
ture, like the nano-fiber manufacturing apparatus 1 according
to the first preferred embodiment, the nano-fiber manufactur-
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ing apparatus 3 according to the third preferred embodiment
can regenerate the polymer solution which has the same com-
position as the original polymer solution or which is very
similar in composition to the original polymer solution by
transferring the collected polymer solution to the regenera-
tion tank 270, measuring the composition of the correspond-
ing polymer solution, and adding the solvent and other nec-
essary materials into the polymer solution according to the
measured result. Therefore, the nano-fiber manufacturing
apparatus 3 according to the third preferred embodiment can
collect and reuse the overflowed polymer solution as a raw
material of nano-fibers, uniformly keep the emission condi-
tions (in this case, the composition of the polymer solution)
for a long time during the field emission process, and mass-
produce nano-fibers with uniform quality. As a result, the
nano-fiber manufacturing apparatus 3 according to the third
preferred embodiment can mass-produce nano-fibers with
uniform quality at a low manufacturing cost.

[0154] Moreover, the nano-fiber manufacturing apparatus
3 according to the third preferred embodiment has the same
effects as the nano-fiber manufacturing apparatus 1 according
to the first preferred embodiment because it has the same
structure as the nano-fiber manufacturing apparatus 1 accord-
ing to the first preferred embodiment except that the raw
material tank and the regeneration tanks are located out of the
field emission device.

[0155] While the present invention is described based on
the example embodiments, the present invention is not
restricted to the above-mentioned embodiments. It would be
understood that various changes and modifications in form
may be made therein without departing from the scope of the
present invention. For instance, the following modifications
may be made.

[0156] (1) The number, positions and sizes of the compo-
nents in the preferred embodiments are exemplary, and the
present invention is not restricted to the above.

[0157] (2) In the second preferred embodiment, the nano-
fiber manufacturing apparatus uses the field emission device
22 having the storage tank 256 in the first transfer device 251,
but the present invention is not restricted to the above. For
instance, the present invention may be applied to the nano-
fiber manufacturing apparatus including the field emission
device having the storage tank at another place (for instance,
at the rear end of the regeneration tank). Alternatively, the
present invention may be applied to the nano-fiber manufac-
turing apparatus including the field emission device, which
has the polymer solution collecting means having a capacity
sufficient to store the polymer solution and does not have the
storage tank.

[0158] (3) In the preferred embodiments, the bottom of the
middle tank 230 is arranged above the top of the upward
nozzles 126, but the present invention is not restricted to the
above. For instance, the bottom of the middle tank 230 may be
located below the top of the upward nozzles. In this case, it is
preferable that a measuring pump for supplying the polymer
solution stored in the middle tank to the polymer solution
supply channel of the nozzle block is arranged between the
middle tank and the nozzle block. Through the above struc-
ture, the nano-fiber manufacturing apparatus can always sup-
ply the polymer solution to the nozzles in stability ata wanted
pressure using the measuring pump.

[0159] (4) In the preferred embodiments, the nano-fiber
manufacturing apparatus uses the second transfer device in
which an end of the pipe connected with the regeneration tank
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is connected to the pipe 212, but the present invention is not
restricted to the above. The nano-fiber manufacturing appa-
ratus may use a second transfer device in which an end of the
pipe connected with the regeneration tank is connected to the
first storage part.

[0160] (5) In the preferred embodiments, the nano-fiber
manufacturing method according to the first preferred
embodiment is carried out using the nano-fiber manufactur-
ing apparatus 1 according to the first preferred embodiment,
but the present invention is not restricted to the above. The
nano-fiber manufacturing method may be carried out using
one of nano-fiber manufacturing apparatuses of various kinds
including a plurality of upward nozzles and regeneration
tanks.

[0161] (6) In the preferred embodiments, the nano-fiber
manufacturing method according to the present invention is
described using the nano-fiber manufacturing apparatus
including two field emission devices, but the present inven-
tion is not restricted to the above. For instance, the present
invention may be applied to nano-fiber manufacturing appa-
ratuses including at least one field emission device.

[0162] (7) In the preferred embodiments, the nano-fiber
manufacturing apparatus is described using the field emission
device that the positive pole of the power supply 160 is
connected to the collector 150 and the negative pole of the
power supply 160 is connected to the nozzle block 110, but
the present invention is not restricted to the above. For
instance, the present invention may be applied to a nano-fiber
manufacturing apparatus including field emission devices.
[0163] (8) In the preferred embodiments, the nano-fiber
manufacturing apparatus includes the polymer solution col-
lecting channel 120, which has the nozzle front end part 132
having the shape cut along a plane obliquely crossing an axis
of'the cylinder and a plurality of jackets 134 for covering the
sides of the upward nozzles 126, but the present invention is
not restricted to the above. For instance, the nano-fiber manu-
facturing apparatus may include upward nozzles having
nozzle front end parts with a shape cut along a plane horizon-
tally crossing the axis of the cylinder, or include a polymer
solution collecting channel which does not have the jackets,
or include both of the upward nozzles and the polymer solu-
tion collecting channel.

[0164] (9) Inthe preferred embodiments, the present inven-
tion is described using the nano-fiber manufacturing appara-
tus in which one nozzle block is arranged in one field emis-
sion device, but is not restricted to the above. For instance,
two or more nozzle blocks may be arranged in one field
emission device.

[0165] Inthis case, the nozzles may be arranged at the same
pitch in all nozzle blocks or at different pitches in each nozzle
block. Additionally, the nozzles may be located at the same
height in all nozzle blocks or at different heights in each
nozzle block.

[0166] (10) The nano-fiber manufacturing apparatus
according to the present invention may further include a
device for reciprocating the nozzle block on a predetermined
reciprocating motion cycle in a width direction of the long
sheet. The nano-fiber manufacturing apparatus according to
the present invention can uniformize the laminated amount of
polymer fibers in the width direction of the long sheet by
carrying out field-emission while reciprocating the nozzle
block on the predetermined reciprocating motion cycle using
the above device. In this case, the reciprocating motion cycle
or the reciprocation distance of the nozzle block may be
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independently controlled in each field-emission device or in
each nozzle block. Therefore, all nozzle blocks can be recip-
rocated on the same cycle or reciprocated on different cycles.
Furthermore, the reciprocation distance of all nozzle blocks
may be the same or may be different.

1. A nano-fiber manufacturing apparatus, which includes: a
nozzle block having a plurality of upward nozzles for
upwardly discharging a polymer solution from outlets of the
upward nozzles and a polymer solution supply channel for
supplying the polymer solution to the upward nozzles; a
collector arranged above the nozzle block; and a power sup-
ply for applying high voltage between the upward nozzles and
the collector, and which is capable of field-emitting nano-
fibers by discharging the polymer solution from the outlets of
the plural upward nozzles while overtlowing the polymer
solution from the outlets of the plural upward nozzles, and at
the same time, collecting the polymer solution overflowed
from the outlets of the upward nozzles so as to the collected
polymer solution as a raw material of nano-fibers, the nano-
fiber manufacturing apparatus comprising:

apolymer solution collecting channel formed in the nozzle
block for collecting the polymer solution overflowed
from the outlets of the upward nozzles;

a raw material tank for storing the polymer solution which
becomes the raw material of the nano-fibers;

regeneration tanks adapted for regenerating the collected
polymer solution and for storing the regenerated poly-
mer solution;

a middle tank for storing the polymer solution supplied
from the raw material tank or the regeneration tank;

a first transfer device for transferring the polymer solution
from the polymer solution collecting channel of the
nozzle block to the regeneration tank;

afirst transfer controller for controlling a transfer operation
of the first transfer device;

a second transfer device for transferring the polymer solu-
tion from the raw material tank and the regeneration tank
to the middle tank; and

a second transfer controller for controlling a transfer opera-
tion of the second transfer device.

2. The nano-fiber manufacturing apparatus according to
claim 1, wherein the second transfer controller controls that
the polymer solution is transferred from which one of the raw
material tank and the regeneration tank to the middle tank.

3. The nano-fiber manufacturing apparatus according to
claim 2, wherein a plurality of the regeneration tanks are
provided, and

wherein the first transfer controller controls that the poly-
mer solution is transferred from which one of the regen-
eration tanks to the middle tank, and in the case that the
polymer solution is transferred from the regeneration
tank to the middle tank, the second transfer controller
controls that the polymer solution is transferred from
which one of the regeneration tanks to the middle tank.

4. The nano-fiber manufacturing apparatus according to
claim 1, wherein the middle tank comprises:

a partition wall for covering a portion where the polymer

solution is supplied;

a bubble removal filter arranged at the bottom of the parti-
tion wall;

a first storage part for storing the polymer solution before
bubbles are removed by the bubble removal filter; and

a second storage part for storing the polymer solution after
the bubbles are removed by the bubble removal filter,
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and wherein the polymer solution stored in the second
storage part is supplied to the polymer solution supply
channel of the nozzle block.

5. The nano-fiber manufacturing apparatus according to
claim 4, wherein the middle tank comprises a first sensor for
measuring a surface height of the polymer solution in the
second storage part, and the second transfer controller con-
trols a transfer operation of the second transfer device accord-
ing to the surface height measured by the first sensor.

6. The nano-fiber manufacturing apparatus according to
claim 1, wherein the nozzle block comprises a second sensor
for measuring a surface height of the polymer solution in the
polymer solution collecting channel, and the first transfer
controller controls a transfer operation of the first transfer
device according to the surface height measured by the sec-
ond sensor.

7. The nano-fiber manufacturing apparatus according to
claim 1, wherein the polymer solution collecting channel
comprises:

areceiving portion for receiving the polymer solution over-
flowed from the outlets of the upward nozzles;

a cover covering the receiving portion and having a plural-
ity of nozzle holes respectively communicating with the
upward nozzles; and

a plurality of jackets for covering sides of the upward
nozzles protruding from the nozzle holes.

8. The nano-fiber manufacturing apparatus according to

claim 1, wherein the bottom of the middle tank is located
above the top of the upward nozzles.
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9. The nano-fiber manufacturing apparatus according to
claim 1, wherein a measuring pump is arranged between the
middle tank and the nozzle block for supplying the polymer
solution stored in the middle tank to the polymer solution
supply channel of the nozzle block.

10. The nano-fiber manufacturing apparatus to claim 1,
wherein the field emission device further comprises another
transfer device for transferring a long sheet, and essentially
comprises the nozzle block and the collector in order to lami-
nate nano-fibers on the surface of the long sheet, and wherein
aplurality of the field emission devices are arranged in series
in a transfer direction of the long sheet.

11. A nano-fiber manufacturing method, which includes
the steps of field-emitting nano-fibers by discharging a poly-
mer solution from outlets of plural upward nozzles while
overflowing the polymer solution from the outlets of the
plural upward nozzles, and collecting the polymer solution
overflowed from the outlets of the upward nozzles so as to
reuse the collected polymer solution as the raw material of
nano-fibers, the nano-fiber manufacturing method compris-
ing the steps of:

collecting the polymer solution overflowed from the out-

lets of the plural upward nozzles to a regeneration tank;
measuring the content of a solvent in the collected polymer
solution;

adding the solvent of a necessary amount into the polymer

solution on the basis of the measured result, so that the
polymer solution can be reused as a raw material of
nano-fibers.



