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Description
BACKGROUND OF THE INVENTION

1. Field of the invention

. [0001] The presentinvention relates to a method of and apparatus for bmducing fibrous aggregate.

2. Description of the Related Art

- [0002] When fibers constituting a fibrous aggregate have small diameters, the fibrous aggregate exhibits various

excellent properties, such as filtration properties, liquid retention properties, wiping-off properties, shielding properties,
insulating properties, or pliability. Therefore, it is preferabie to reduce the diameter of the fibers constituting the fibrous
aggregate. Production of the fibrous aggregate composed of fibers having small diameters is carried out by exists a
process comprising discharging fiberizable liquid from nozzles, and at the same time, applying an electrical field to the
discharged fiberizable liquid to draw the fiberizable liquid, producing fibers having a small diameter, and then directly
coliecting the fibers to prepare the fibrous aggregate; that is an electrostatic spinning process.

[0003] When the fibrous aggregate is produced by a single nozzle in the electrostatic spinning process, the ﬁbenzable
liquid is discharged in a small amount, and as a result, productivity is lowered. Thus, methods wherein two or more
nozzles are employed to enhance the productivity are proposed. For example, an apparatus for producing a polymeric
web, comprising a fiber-forming part for injecting the fiberizable liquid through multi-nozzles composed of plural needles
to a collector was proposed (Patent Reference No. 1). A rotating disk device for discharging from two or more discharging
holes was also proposed (Patent Reference No. 2). Further, a discharging device which can move across a collector
(such as a tube), and a collector which can counter-rotate were disclosed (Patent Reference No. 3).

Patent Reference No. 1: U.S. Patent No. 6,616,435

Patent Reference No. 2: U.S. Patent No. 4,650,506

Patent Reference No. 3: U.S. Patent No. 4,842,505

SUMMARY OF THE INVENTION

[0004] However, when the apparatus for producing a polymeric web, comprising the fiber-forming part having the
multi-nozzles composed of plural needles (Patent Reference No. 1) was used, only a polymeric web, i.e., a fibrous
aggregate, wherein the center of the aggregate contains a large quantity of fibers but both edges of the aggregate contain
a small quantity of fibers in the direction of the width of the aggregate, i.e., in the direction perpendicular to the moving
direction of the collector, was produced. It appeared that a fiber formed when discharged from a nozzie was influenced
by an electrical field generated by an electrical charge of other fibers formed when discharged from other nozzles, and
thus, an uneven dispersion of the amounts of the fibers was caused in the width direction of the fibrous aggregate. For
example, in the apparatus disclosed in the Patent Reference No. 1, nozzles are placed in a zigzag manner and thus the
spaces therebetween are relatively wide, as shown in Fig. 4C. Therefore, it was expected that the influence by the
electric field generated by the electric charges of the fibers formed when discharged from other nozzles would be reduced,
and afibrous aggregate having lesser dispersion unevenness in the fiber amount in the width direction could be produced.
However, a variation of nozzle diameters caused an unevenness of the discharging amount, and thus the amount of the
fibers became uneven. Further, the states of the collector were different between the cases when the collector received
the fibers discharged from nozzles in the first line, those in the second line, and those in the n-th fine. The collector was
not able to collect the fibers in an identical condition from the nozzles in each line. As a result, the uneven dispersion of
the fiber amount in the width direction of the fibrous aggregate was not able to be reduced.

[0005] Under the circumstances, the present inventors made attempts to reduce the uneven dispersion of the fiber
amount in the width direction of the fibrous aggregate by reciprocating, in a direction of the width of the collector, two
kinds of nozzle groups; i.e., (1) a nozzle group having two or more nozzles linearly arranged in a direction perpendicular
to a conveying direction of the collector, and (2) a nozzle group having two or more nozzles linearly arranged in a direction
paraliel to the conveying direction of the collecior. However, in the case of the above nozzle group (1) wherein the
nozzles were linearly arranged in the perpendicular direction, the nozzle group had to stop once for the reciprocating
movement, and the fiber amount at and near fo the positions where the nozzle group stopped was increased. There
were two stopping positions for each nozzle. Therefore, the uneven dispersion of the fiber amount in the width direction
of the fibrous aggregate was generated continuously in a longitudinal direction of the fibrous aggregate. Further, because
the variation of the nozzle diameters directly caused the uneven dispersion of the fiber amount, the unevenness of a
unit weight per unit area was increased. _

[0006] On the other hand, in the case of the above nozzle group (2) wherein the nozzles were linearly arranged in the
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parallel direction, each nozzle reciprocated from one edge to the other edge of the collector, and thus, it was not observed
that the uneven dispersion of the fiber amount in the width direction of the fibrous aggregate was generated continuously
in the longitudinal direction. thereof as above. However, the nozzle group also had to stop once for the reciprocating
movement, as above. Only one nozzle was provided in the width direction of the collector, and thus, an extreme accel-
eration and slowdown were required. This had the result that portions including a large quantity of fibers were generated
in both edges of the fibrous aggregate. When the productivity was enhanced by increasing the width of the collector, a
velocity of the nozzle group had to be increased, because a slow velocity of the nozzle group caused the generation of
a portion containing a large quantity of fibers and a portion containing a small quantity of fibers in a longitudinal direction
of the fibrous aggregate. However, a higher velocity of the nozzle group required a wider portion necessary for the
acceleration and slowdown, in proportion with the increase of the velocity. This had the result that the uneven dispersion
of the fiber amount in the width direction of the fibrous aggregate was promoted.

[0007] The rotating disk device for discharging (Patent Reference No. 2) can produce only a fibrous aggregate con-
taining a central portion with a small quantity of fibers and both edges with a large quantity of fibers.

[0008] In the apparatus having the collector capable of counter-rotating (Patent Reference No. 3), there |neV|tany
existed a time zone of a high rotating velocity and a time zone of a low rotating velocity, so as to counter-rotate the™
collector. This resulted in a fibrous aggregate with unevenness in the fibers-orientation,-and thus, mechanical strength.
The Patent Reference No. 3 also discloses that guard plates are positioned at the boundary portions between adjacent:
collectors, so as to continuously form fibers. However, the fibers deposited on the guard plates with a fiber-forming
procedure gave the plates an insulating property. Thus, an amount of the fibers discharged was decreased when the
discharging portion reached the guard plates, and in turn, an amount of the fibers was liable to be increased when.the
discharging portion reached the collectors adjacent to the guard plates, because the decreased amount was also dis-
charged thereat. Therefore, a fibrous aggregate with an uneven dispersion of the fiber amount was liable to be produced.

 [0009] The present invention was completed in order to remedy the disadvantages of the above-mentioned prior art.

The object of the present invention is to provide a method and an apparatus which can produce a fibrous aggregate
wherein an amount of fibers is uniformly even in a width direction thereof. More particularly, the object of the present
invention is to provide a method and an apparatus which can produce a fibrous agg regate wherein an amount of fibers
is uniformly even in a width direction thereof, with a high productivity.

[0010] Accordingly, the present invention relates to a method of producing fibrous aggregate, comprising:

a supplying and discharging step in which a fiberizabie liquid is supplied from a means for storing a fiberizable liquid
to a means for discharging a fiberizable liquid via a supplying pipe, and the fiberizable liquid is discharged from the
discharging means; and

. afibers-collecting step in which fibers drawn and fiberized by applying an electrical field to the discharged fiberizable
liquid are accumulated directly on a collecting surface of a collector while the collecting surface is unidirectionally
conveyed to form the fibrous aggregate; wherein the discharging means is carried on a support capable of moving
along an endless track capable of rotationally travelling between a pair of rotating shafts, and the fiberizable liquid
‘is discharged from the discharging means while the support is revolved at a constant velocity under the condition

that a moving direction of a linear motion area in the endless track conforms to a width direction of the collecting
surface.

[0011] According to a preferable embodiment of the present method the support carries thereon two or more means
for discharging a fiberizable liquid.

[0012] According to ancther preferable embodiment of the present method, the supplying and discharging step and
the fibers-collecting step are carried out under the condition that an electrically conductive material is positioned in a
part of or throughout the supplying pipe. ’

[0013] According to a still another preferable embodiment of the present method, the supplying and discharging step
and the fibers-coliecting step are carried out under the condition that a gas having a desired relative humidity is supplied
around the means for discharging a fiberizable liquid.

[0014] According to a still another preferable embodiment of the present method, the supplying and discharging step
and the fibers-collecting step are carried out while an electrical field is applied from an outside of the endless track of
the support.

[0015] The present invention also relates to an apparatus of producing fibrous aggregate oompnsmg

a means capable of storing a fiberizable liquid;

a means capable of discharging a fiberizable liquid;

a supplying pipe connecting the storing means and the discharging means;

a supplying and discharging means capable of supplying a fiberizable liquid from the storing means to the discharging
means, and discharging the fiberizable liquid from the discharging means;

a voltage applying means capable of applying an electrical field to a fiberizable liquid discharged by an action of the
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supplying and discharging means to conduct drawing and fiberization; .
a collector having a collecting surface on which fiberized fibers are directly accumulated, and capable of forming a fibrous
aggregate while the coliecting surface is unidirectionally conveyed;

a support capable of moving along an endless track capable of rotationally travelling between a pair of rotating shafts,
and carrying thereon the discharging means so that the discharging means is abie to be conveyed along the endless
track, whereina movmg direction of a linear motion area in the endless track conforms to a width direction of the collecting
surface; and

a means capable of rotationally conveying the support along the endless track at a constant velocny

[6016] According to a preferable embodiment of the present apparatus, the support carries thereon two or more means
capable of discharging a fiberizable liquid.

[0017] According to another preferable embodiment of the present apparatus, an electrically conductive material is
positioned in a part of or throughout the supplying pipe.

[0018] According to a still another preferable embodiment, the present apparatus further comprises a means capable
of supplying a gas having a desired relative humidity around the means for discharging a fiberizable liquid.

[0019] According to a still another preferable embodiment, the present apparatus further compnses ameans capable
of applying an electrical field from an outside of the endless track of the support.

[0020] According to the present method, the means for dlscharglng a fiberizable liquid, i.e., the discharging means,
is carried on the support and rotationally travels along the endless track at a constant velocity while discharging a
fiberizable liquid, and thus, a fibrous aggregate having an even dispersion of the fiber amountin a width direction thereof
can be produced. Further, the fibers constituting the fibrous aggregate are intersected with each other and thus a
resulting fibrous aggregate has an even mechanical strength in various directions thereof.

[0021] When the support has thereon two or more means for discharging a fiberizable liquid along the endiess track
in the present method, an amount of the fiberizable liquid discharged can be increased, and so the fibrous aggregate
can be manufactured with a good productivity. Further, even if the pore diameters of the discharging means are not
uniform in size, the fibrous aggregate having an even dispersion of the fiber amount in a width direction thereof can be
produced, because the discharging means is conveyed at a constant velocity in the width direction of the collecting
surface, and thus the fibers dlscharged from each discharging means and fiberized are dispersed all over the fibrous
aggregate.

[0022] When the supplying and discharging step and the fibers-coliecting step are carried out under the condition that
an electrically conductive material is positioned in a part of or throughout the supplying pipe in the present method, an
electrical field can be stably applied to the discharged fiberizable liquid, and thus, the fibrous aggregate havmg an even
dispersion of the fiber amount in a width direction thereof can be reliably produced.

[0023] When the supplying and discharging step and the fibers-collecting step are carried out under the condition that
a gas having a desired relative humidity is supplied around the discharging means, a relative humidity around the
discharging means can be maintained at a desired level and an influence of an atmospheric humidity can be avoided,
and so the fibrous aggregate containing the fibers having a uniform fiber diameter can be produced. Further, a solvent
vaporized from the fiberizable liquid can be rapidly removed and an atmosphere around the discharging means does
not reach a saturated vapor pressure, and so the fibrous aggregate can be continuously produced.

[0024] When the supplying and discharging step and the fibers-collecting step are carried out while an electrical field
is applied from an outside of the endless track of the support in the present method, positions where the fibers discharged
from the discharging means are accumulated on the collector can be controlled by applying the electrical field, and so
the fibrous aggregate having an even dispersion of the fiber amount in a width direction thereof can be reliably produced.
[0025] According to the present apparatus, a fiberizable liquid can be discharged while rotationally conveying the
means capable of discharging a fiberizable liquid, i.e., the discharging means, carried on the support along the endless
track at a constant velocity, and thus, a fibrous aggregate having an even dispersion of the fiber amount in a width
direction thereof can be produced. Further, the fibers constituting the fibrous aggregate are intersected with each other,
and thus a resulting fibrous aggregate has an even mechanical strength in various directions thereof.

[0026] When the support has thereon two or more means capable of discharging a fiberizable liquid along the endiess
track in the present apparatus, an amount of the fiberizable liquid discharged can be increased, and so the fibrous
aggregate can be manufactured with a good productivity. Further, even if the pore diameters of the discharging means
are not uniform in size, the fibrous aggregate having an even dispersion of the fiber amount in a width direction thereof
can be produced, because the discharging means is conveyed at a constant velocity in the width direction of the collecting
surface, and thus the fibers discharged from each discharging means and fiberized can be dispersed all over the fibrous
aggregate.

[0027] When an electrically conductive material is positioned in a part of or throughout the supplying pipe in the present
apparatus, an electrical field can be stably applied to the discharged fiberizable liquid, and thus, the fibrous aggregate
having an even dispersion of the fiber amount in a width direction thereof can be reliably produced.

[0028] When the present apparatus further comprises a means capable of supplying a gas having a desired relative
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humidity around the means for discharging a fiberizable liquid, an influence of an atmospheric humidity can be avoided,

and so the fibrous aggregate containing the fibers having a uniform fiber diameter can be produced. Further, a solvent
vaporized from the fiberizable liquid can be rapidly removed and an atmosphere around the discharging means does
not reach a saturated vapor pressure, and so the fibrous aggregate can be continuously produced.

[0029] When the present apparatus further comprises a means capable of applying an electrical field from an outside
of the endless track of the support, positions where the fibers discharged from the discharging means are accumulated
on the collector can be controlled by applying the electrical field, and so the fibrous aggregate having an even dispersion
of the fiber amount in a width direction thereof can be reliably produced.

BRIEF DESCRIPTION OF DRAWINGS
[0030]

Figure 1 is a plan view schematically illustrating the apparatus for producing the fibrous aggregate according to the
present invention.

_Figure 2 is a sectional view schematlcally ilustrating the apparatus of Fig. 1, observed from a direction of the arrow A.
Figure 3 is a sectional view schematically illustrating.another embodiment of the apparatus for.producing the fibrous
aggregate according to the present invention.

EXPLANATION OF NUMERICAL REFERENCES
[0031]

1: fiberizable liquid reservoir
1a: supplying pipe

23-2,,: group of nozzles

3: supplying-discharging means
4: voltage applying means

5: collector

6: conveying means

Ba: first. sprocket

6b: second sprocket -
6c: support

7: electrical field generating device
8: winding-up device

9: fiberizing room

10: gas supplying device

10a: porous material

11: gas exhausting device

11a: porous material

12: partition plate

DESCRIPTION OF THE PREFERRED ENBODIMENTS

[0032] The method and apparatus of producing fibrous aggregate according to the present invention will be described
hereinafter, referring to Figs. 1 and 2. Figure 1 is a plan view schematically illustrating the producing apparatus, observed
from above, and Figure 2 is a sectional view schematlcally ilustrating the apparatus of Fig. 1, observed from a direction
of the arrow A.

[0033] The apparatus of producing the fibrous aggregate according to the present invention as shown in Fig. 1 com-
prises: i

a means capable of storing a fiberizable liquid, i.e., a fiberizable liquid reservoir 1;

agroup of nozzles 2, o 2,, as a group of means capable of discharging a fiberizable ||qU|d i.e., agroup of dlscharglng
means;

a supplying pipe 1a connecting the fiberizable liquid reservoir 1 and the group of the discharging means (the group
of the nozzles 24 to 2,)) and capable of supplying the fiberizable liquid to the group of the discharging means;

a supplying and discharging means 3 capable of supplying a fiberizabie liquid from the fiberizable liquid reservoir
1 to the group of the discharging means, and discharging the fiberizable liquid from the group of the discharging
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means; a voltage applying means 4 capable of applying a voltage to the fiberizable liquid;

a coliector 5 having a collecting surface 5a on which fiberized fibers are directly accumulated, capable of forming
- a fibrous aggregate 5b while the collecting surface 5ais unidirectionally conveyed in the direction D, and preferably

being grounded;

a support 6¢ carrying thereon the group of the dlschargmg means (the group of the nozzles 2, to 2,)) along the

endless track capable of rotationally travelling between a pair of rotating shafts (between a first sprocket 6a and a

second sprocket 6b), wherein moving directions m1, m2 of a linear motion area 6x in the endiess track conforms to

a width direction of the collecting surface 5a, i.e., a direction perpendicular to a moving direction D of the collecting

surface 5a;

a conveying means 6 capable of conveying the group of the discharging means (the group of the nozzles 2,102,)

in a width direction of the collecting surface 5a by conveying the support 6c in a width direction of the collecting

surface 5a at a constant velocity;

an electrical field generating means 7 which is positioned outside the endless track (a circulating motion track) of

the group of the nozzles 24 to 2, and able to apply an electrical field;

a winding-up device 8 capable of winding the fibrous aggregate formed on the collecting surface 5a into a roll at the

end of the collector 5; )

a fiberizing room 9 accommodating the group of the.nozzles 2,-to 2,,, the collector 5, and so on;

a gas supplying device 10 capable of supplying a desired gas into the fiberizing room 9; and

a gas exhausting device 11 capable of evacuating a gas in the fiberizing room 9.

[0034] When the fibrous aggregate is manufactured by the producing apparatus as above, the fiberizabie liquid first
must be prepared. The fiberizable liquid is, for example, a solution containing in a solvent a dissolved resin which may
be electrostatically spun. The resin is not limited so long as it can be electrostatically spun, but forexample, polyethylene
glycol, partially saponified polyviny! aicohol, completely saponified polyvinyl alcohol, polyvinyl pyrrolidone, polylactic
acid, polyglycolic acid, polyacrylonitirile, polymethacrylic acid, polymethyl methacrylate, polycarbonate, polystyrene,
polyamide, polyimide, polyethyiene, polypropylene, or the like. A resin other than the resins as exemplified above can
be used. A fiberizable liquid prepared by dissolving two or more resins including the resins other than the exemplified
resins in solvent can be used. '

[0035] The solvent may be selected in accordance with the resin to be used, and thus is not limited. There may be
mentioned as the solvent, for example, water, acetone, methanol, ethanol, propano!, isopropanol, tetrahydrofuran, dime-
thy! sulfoxide, 1,4-dioxane, pyridine, N,N-dimethylformamide, N,N-dimethylacetoamide, N-methyl-2-pyrrolidone, ace-
tonitrile, formic acid, foluene, benzene, cyclohexane, cyclohexanone, carbon tetrachloride, methyiene chloride, chloro-
form, trichloroethane, ethylene carbonate, diethyl carbonate, propylene carbonate or the like. The solvent may be used
alone, or a mixture of two or more solvents may be used.

'[0036] The fiberizable liquid used in the present invention is prepared by dissolving at least one of the resins as above

in at least one of the solvents. The concentration of the resin or resins may vary with a composition of the resins used,
a molecular weight of the resin or resins, and/or the solvent or solvents, and thus is not limited. However, in view of the
applicability to electrostatic spinning, the concentration corresponds to a viscosity of preferably 10 to 8000 mPa-s, more
preferably 20 to 5000 mPa-s. If the viscosity is less than 10 mPa-s, the viscosity is too low to exhibit a sufficient spinability,
and thus it is difficult to obtain fibers. If the viscosity is more than 6000 mPa-s, the fiberizable liquid becomes difficult to
be drawn, and it is difficult to obtain fibers. The term "viscosity" as used herein means a value measured at 25°C by an

_apparatus for measuring viscosity at a shear rate of 100 s-*.

[0037] The fiberizable liquid as above is stored in the fiberizable liquid reservoir 1, and supplied via the supplying pipe
1a to the first nozzle 2, by the supplying-discharging means 3 equipped to connect the fiberizable liquid reservoir 1.
From the first nozzle 24, the fiberizable liquid is supplied in tum to the nozzles 2, to 2, and then, the fiberizable liquid
is discharged from the group of all the nozzles 2, to 2,,, this is, the supplying and discharging step. In the apparatus as
shown in Fig. 1, the supplying pipe 1a is connected to an electric source (the applying means 4) so that a voltage can
be applied to the fiberizable liquid in the supplying pipe 1a. The first nozzie 2, moves while carried on the support 6c,
and so the supplying pipe 1a and the nozzle 2, are connected by, for example, a rotary joint. There may be an embodiment
different from that as shown in Fig. 1, wherein the supplying pathway from the supplying pipe 1a may be diverged into
two directions, one to the nozzle 2, and the other to the nozzie 2,

[0038] Further, there may be still another embodiment different from that as shown in Fig. 1, wherein the group of all
the nozzles 2, to 2, may be divided into two supply pathways, and two kinds of fiberizable liquids are supplied to both
supply pathways, respectively. More particularly, for example, a first fiberizable liquid is supplied to the first nozzle 2,,
and then, to the third nozzle 2; via the first nozzle 2, while circumventing the adjacent second nozzle 2,, and further,
to the fifth nozzle 25 while circumventing the adjacent fourth nozzle 2, in the similar manner, that is, the first fiberizable
liquid is supplied to the first pathway composed of the group of the nozzles 24 to 2,, 4, successively. On the other hand,
a second fiberizable liquid is supplied to the second nozzle 2,, and then, to the fourth nozzle 2, via the second nozzle
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2, while circumventing the adjacent third nozzle 25, and further, to the sixth nozzle 2 while circumventing the adjacent
fifth nozzle 2, in the similar manner, that is, the second fiberizable liquid is supplied to the second pathway composed
of the group of the nozzles 2,-2,, successively. Consequently, a fibrous aggregate wherein two kinds of fibers are
uniformly dispersed can be produced. Similarly, a fibrous aggregate wherein three or more kinds of fibers are uniformly
dispersed can be produced by supplying three or more kinds of fiberizable liquids to each supply pathway.

[0039] As the fiberizable liquid reservoir 1, there may be mentioned, for example, a syringe, a tank of stainless stee|,
a plastic tank, or a bag of a resin, such as vinyl chioride or polyethylene. As the supplying-discharging means 3, for
example, a syringe pump, a tube pump, a magnet type micro-gear pump, a micropump or a dispenser may be used. .
The supplying pipe 1a is preferably made of, for example, a pliable plastic tube, because it can be adjusted to the
circulating revolutionary movement of the nozzle 24, particularly, a fluoroplastic, or polyolefin resin such as polypropylene
or polyethylene, each having a chemical resistance. v

[0040] |n the producing apparatus according to the present invention, as shown in Fig. 1, the group of the discharging
means, i.e., the group of the nozzles 2, to 2, can move linearly over the collecting surface 5a of the collector 5 in a
width direction thereof, and the moving velocity of the group of the nozzles 2, to 2, can be maintained at a constant.
Therefore, the apparatus makes it possible to obtain the fibrous aggregate having an even dispersion of the fiber amount
in a width direction thereof. Further, even if the pore diameter of each nozzle is not uniform in size, the fibrous aggregate
having an even dispersion of the fiber amount in a width directionthereof-can be-preduced; -because-each-nozzle is
conveyed linearly at a constant velocity over the collecting surface 5a of the collector 5 in the width direction thereof,
and thus the fibers discharged from each nozzle and fiberized are dispersed all over the fibrous aggregate. Furthermore,
as shown in Fig. 1, the support 6¢ has the endless track capable of rotationally travelling between the rotating shafts,
i.e., the first sprocket 6a and the second sprocket 6b, and thus includes two linear motion areas 6x which have moving
directions m1 and m2 opposite to each other. When the group of the nozzles 2 to 2,, carried on the support 6¢ is moving
in the direction m1, the fibers discharged from the nozzles accumulate on the collecting surface 5a in a unidirectional
and uniform orientation, that is, diagonally beneath a right direction on the coliecting surface 5a shown in Fig. 1. On the
other hand, when the group of the nozzles 2, to 2,, carried on the support 6¢ is moving in the direction m2, the fibers

_ discharged fromthe nozzles accumulate on the collecting surface 5a in a differently unidirectional and uniform orientation,

that is, diagonally beneath a left direction on the collecting surface 5a shown in-Fig. 1. Therefore, the fibers are intersected
with each other on the collecting surface 5a, and thus a resulting fibrous aggregate has an even mechanical strength
in various directions thereof.

[0041] Specifically, each nozzle is fixed on the chain support 6¢ respectively, and the support 6¢ bridges between the
first sprocket 6a and the second spracket 6b. A driving motor is positioned as the conveying means 6 at the first sprocket
84, the first sprocket 6a can be rotated thereby. Thus, the support 6c can move between the first sprocket 6a and the
second sprocket 6b, and consequently, the group of the nozzles 2, to 2, can move along the endless track in a circulating
revolutionary manner. Alternatively, each nozzle may be fixed on a belt support respectively, and the support may bridge
between the first pulley and the second puliey. A conveying means such as a driving motor may be positioned at the
first or second pulley. In this case, the first and second pulleys can be rotated by the action of the driving motor, the
support can move between the first and second pulleys, and conseguently, the group of the nozzles can elliptically move
in-a circulating revolutionary manner.’

[0042] Inthe producing apparatus as shown in Fig. 1, the group of two or more nozzles 24 to 2,, is used as the dispersing
means, and so the amount of the fiberizable liquid discharged can be increased to manufacture the fibrous aggregate
with a good productivity. A nozzle pitch in the group of the nozzles 2, to 2,, is preferably identical to each other, because
the influence of an electric field from adjacent nozzies can be thus equalized. The nozzle pitch may vary with the resins
and solvents contained in the fiberizable liquid, but can be determined by repeating appropriate experiments to uniformly
discharge the fiberizable liquid in a large total amount.

[0043] Contrary to the embodiment as shown in Fig. 1, a single nozzle may be used to manufacture the fibrous
aggregate. The moving velocity of the group of the nozzles 2, to 2, is not limited so long as it is constant, and the moving
direction of the collecting surface of the collector is not limited so long as it is unidirectional. Further, the moving velocity
of the collecting surface of the collector is not limited, but is preferably constant.

[0044] The direction of discharging the fiberizable liquid from the group of the nozzles 24 to 2, is not limited, but
preferably the gravitationa! direction as shown in Fig. 2. In this case, the collecting surface of the collector is placed in
such a position that the fibers gravitationally discharged can be received thereon.

[0045] The diameter of the nozzle in the group of the nozzies 2, to 2, may vary with the diameter of the desired fiber,
and thus is not limited. For example, when the fiber diameter is 0.7 uwm or less, the diameter (intemal diameter) of each
of the nozzles 2, to 2,, is preferably 0.1 to 2.0 mm. All of the nozzles 2, to 2, may have a same diameter, each of the
nozzles 2, to 2,, may have different diameters, respectively, or a part of the nozzles 2, to 2,, may have a same diameter.
Each of the nozzles 2, to 2, may be made of metal or a non-metal. All of the nozzles 2, to 2, may be made of the same
material, each of the nozzles 2, to 2, may be made of different materials, respectively, or a part of the nozzles 2, to 2,
may be made of the same material. It is preferable that all of the nozzles 2 to 2, are made of a same material, because
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a same electrical field thus can be easily applied to the fiberizable liquid.

[0046] Instead of the nozzle used as the discharging means in the producing apparatus as shown in Fig. 1, a means
other than the nozzle for discharging the fiberizable liquid may be used so long as it can discharge the fiberizable liquid
while moving at a constant velocity in a width direction of the collecting surface of the collector.

[0047] In Figs. 1 and 2, an embodiment of the producing apparatus wherein a single group of the nozzles 2, to 2,, is
placed on an elliptical endless track is shown. However, embodiments containing two or more groups of the dlscharglng
means are preferable, as the productivity of the fibrous aggregate is thereby enhanced. When two or more groups of
the discharging means are arranged, the group of the discharging means as used in the producing apparatus shown in
Figs. 1 and 2 may be used. It is preferable to convey the groups at the same constant velocity or different constant
velacities in a direction perpendicular to the moving direction of the callector. When plural groups of the discharging
means are arranged, plural groups having nozzle diameters different from each group and/or plural groups to which the
fiberizable liquid having a concentration different from each group is supplied may be used to manufacture a fibrous
aggregate containing plural layers of the fibers with different fiber diameters. Further, plural groups towhich the fiberizable
liquid different from each group with respect to the kind of the resin or resins is supplied may be used to manufacture a
fibrous aggregate containing plural layers of different compositions. Furthermore, when plural groups of the discharging
means are arranged, adjaoent groups may move in the same direction or opposite direction over the collectlng surface
of the collector.

[0048] Although not shown in the pnoducmg apparatus of Fig. 1 the supplylng and discharging step and the fibers-
collecting step as mentioned below are preferably carried out under the condition that an electrically conductive material
is positioned in a part of or throughout the supplying pipe 1a. This ensures that an electrical field can be stably applied
to the discharged fiberizable liquid, and thus, the fibrous aggregate having an even dispersion of the fiber amount in a
width direction thereof can be reliably produced. More: particularly, when air is incorporated into the supplying pipe 1a,
application of an electrical field becomes unstable, and thus, the fiberization becomes unreliable. However, such problems
may be solved by the existence of the electrically conductive material in the supplying pipe 1a. The term "electrically
conductive material" as used herein means a material having a-volume resistivity of 10° Q-m or less. The electrically
conductive material used must exhibit a chemical resistance against the fiberizable liquid, becauseitis positioned therein.
Forthis purpose, stainless steel wire may be preferably used as an electrically conductive material. Further, the electrically
conductive material is preferably covered with a material, such as a polyethylene or fluorocarbon-based resin, having
a chemical resistance against the fiberizable liquid, so that the fiberizable liquid does not adhere to the electrically
conductive material. In this case, a part of the electrically conductive material must be exposed, to enable a voltage to
be applied.

[0049] The fiberizable liquid discharged from the group of the nozzles 2, to 2,, is drawn and fiberized by the action of
the electric field generated by the grounded collector 5 and the voltage applied from the electric source (the applying
means 4), and darts toward the collecting surface 5a of the collector 5. The fibers are accumulated directly on the
collecting surface 5a of the coliector 5 to form the fibrous aggregate (the fibers-collecting step).

[0050] In the embodiment as shown in Figs. 1 and 2, a voltage is applied to the fiberizable liquid in the supplying pipe
1a by the applying means 4 and at the same time the collector 5 is grounded to form the electric field. On the contrary,
an electric field may be formed by grounding the fiberizable liquid and applying a voltage to the collector 5, or alternatively
by applying voltages to both of the fiberizable liquid and the coliector 5, to generate a potential difference therebetween.
The electric field may vary with the fiber diameter, a distance between the group of the nozzles 2, to 2, and the collecting
surface 5a of the collector 5, the solvent of the fiberizable liquid, the viscosity of the fiberizable liquid, or the like, and is
not limited, but is preferably 0.2 to 5 kV/cm. If the electric field is more than 5 kV/cm, a dielectric breakdown of air is
liable to occur. ifthe electnc field is less than 0.2 kV/em, the fiberizable fiquid is liable to be insufficiently drawn for forming
a fiber shape.

[0051] An electric source as the voltage applying means 4 is not limited. For example, a DC high-voltage generator
or Van De Graff electrostatic generator may be used. A voltage applied is not limited, so long as it may generate the
electric field as above, but is preferably 5 to 50 kV.

[0052] A polarity of the voltage applied may be plus or minus. The polarity should preferably be confirmed, so that the
spreading of the fibers is controlled and the fibrous aggregate composed of evenly dispersed fibers can be easily
manufactured.

[0053] In the embodiment as shown in Figs. 1 and 2, the voltage is applied to the fiberizable fiquid in the supplying
pipe 1a by the voltage applying means 4. On the contrary, the voltage may be applied to the group of the nozzles 2, to
2,.. In this case, two or more applying means may be used. For example, the applying means may be used in a number
corresponding to numbers of nozzles used. i
[0054] The collector 5is notlimited so long as it can accumulate directly on the collecting surface 5a the fibers (generally
continuous fibers) discharged from the group of the nozzles as the group of means for discharging fiberizable liquid and
then fiberized to form the fibrous aggregate. For example, a non-woven fabric, woven fabric, knitted fabric, net, drum,
or belt made of an electrically conductive material such as metal or carbon, or an electrically non-conductive material
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such as an organic polymeric material may be used as the collector 5.

[0055] When the collector 5 is used as an electrode, it is preferably made of an electrically conductive material such
as ametal having a specific resistance of 10% Q-cm or less. Further, when an electrically conductive material is positioned
as a counterelectrode behind the collector 5 (when ebserved in a direction from the-group of the nozzles 2, to 2, to the
collector 5), the collector S is not necessarily made of an electrically conductive material. When such a counterelectrode
is placed behind the collector 5 as above, the collector 5 may be brought into contact with the counterelectrode, or may
be separated from the counterelectrode.

[0056] in the producing apparatus as shown in Figs. 1 and 2, a rectangular wire (see Fig. 1) may be posmoned as the
electrical field generating means 7 in such a manner that it surrounds the endless track (circulating motion track) of the
group of the nozzles 24 to 2,, from the outside thereof, and is connected to the electric source as the voltage applying
means 4. Therefore, the electric field can be applied by the wire to the fibers discharged from the group of the nozzles
2, to 2, and then fiberized to control the positions where the fibers discharged from the group of the nozzles 2 to 2,
are accumuiated on the collector. Thus, the fibrous aggregate having an even dispersion of the fiber amount in a width
direction thereof can be reliably produced. In the embodiment as shown in Fig. 1, the wire is connected to the electric
source also applying the voltage to the fiberizable liquid. On the contrary, the wire may be connected to another electric
source. When the producing apparatus of the present invention is observed fromabove as in Fig. 1, the wire is so placed
that it surrounds the periphery of the group of the nozzles 2, to 2. When the producing apparatus of the present invention
is observed from the side thereof as in Fig. 2, the wire is so placed that it can generate the electric field at the area
immediately below the discharging portions of the group of the nozzies 2, to 2,,. With respect to the wire and the group
of the nozzles 24 to 2, in the producing apparatus as shown in Figs. 1 and 2, the positional relationship thereof in the
horizontal direction and a distance therebetween in the vertical direction may vary with an electric field strength between
the group of the nozzles 2, to 2, and the collector 5, a shape of the wire, fiberizing conditions such as the kind and the
discharged amount of the fiberizable liquid, the applied voltage, or the like. Thus, they can be appropriately determined
by pilot tests.

" [0057] In the producing apparatus of the present invention as shown in Fig. 1, the winding-up device 8 is positioned

atthe end of the collector 5. Thus, the fibrous aggregate can be wound up, and the fibrous aggregate can be continuously
manufactured.

[0058] In the producing apparatus of the present invention as shown in Figs. 1 and 2, the group of the nozzles 2, to
2,,, the collector 5, the electrical field generating means 7, and the winding-up device 8 as above are accommodated in
the fiberizing room 9 which is equipped with the gas supplying device 10 and the gas exhausting device 11. Therefore,
an atmosphere in the fiberizing room may be given a desirable fiberization atmosphere and the desirable fiberization
atmosphere can be easily maintained. For example, a gas having a predetermined relative humidity can be supplied
from the gas supplying device 10 to alter the fiberization atmosphere in the fiberizing room 9 to a predetermined relative
humidity, and to maintain the predetermined relative humidity. Thus, an influence of the relative humidity to the fiberizable
liquid can be controlled constantly by altering and maintaining the predetermined relative humidity, and the fibrous
aggregate containing the fibers having uniform fiber diameters can be produced. The gas supplying device 10 may be,
for example, a propelier fan, a sirocco fan, an air compressor, an air blower, or the like. The gas inlet from the gas
supplying device 10 may be positioned on the side wali of the fiberizing room 9 as in the embodiment shown in Figs. 1
and 2, or on the ceiling plane thereof. Further, as shown in Fig. 2, it is preferable to install the porous material 10a, such
as a metal or resin punching plate, or a woven or non-woven fabric, downstream of the gas inlet 10A and control an
amount of the gas supplied from the gas supplying device 10 into the fiberizing space at a constant level.

[0059] In the producing apparatus as shown in Fig. 2, the gas exhausting device 11 can be used to remove the gas
from the fiberizing room 9. During the electrostatic spinning, a vapor concentration of the solvent is gradually.elevated
in the fiberizing room 9, and thus the-vaporization of the solvent is inhibited. Then, the fiber diameter is liable to be thinner
and non-uniform. In the worst case, the vapor concentration of the solvent becomes saturated, and the electrostatic
spinning becomes difficult to carry out. The gas can be exhausted to control the vapor concentration of the solvent at a
constant level in the fiberizing room 9, and thus manufacture the fibrous aggregate containing the fibers having a uniform
fiber diameter. The gas exhausting device 11 is not limited, but is, for example, a fan positioned at the gas outlet 11A.
When a gas is supplied to the fiberizing room 9 by the gas supplying device 10 as shown in Fig. 2, a gas having a volume
the same as that of the supplied gas can be evacuated merely by the equipment of the gas outlet 11A, and thus, the
gas exhausting device 11 is not always necessary. When the gas is evacuated by the gas exhausting device 11 as 4
shown in Fig. 2, the amount of gas evacuated is preferably the same as that of the supplied gas. This is because that,
if the amount of the evacuated gas is different from that of the supplied gas, a pressure in the fiberizing room 9 varies,
a rate of the vaporization of the solvent varies, and the fiber diameters become non-uniform. The gas outiet 11A to the
gas exhausting device 11 may be positioned on the side wall of the fiberizing room 9 as in the embodiment shown in
Fig. 2, or on the bottom wall thereof. Further, it is preferable to install the porous material 11a, such as a metal or resin
punching plate, or a woven or non-woven fabric, upstream of the gas outlet 11A, and thereby form a uniform gas stream
from above to the bottom in the fiberizing room 9, and thus constantly control the atmosphere and a gas amount.
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[0060] When the supplying and discharging step and the fibers-collecting step are carried out, while supplying a gas
having a desired relative humidity around the discharging means of the fiberizable liquid from a gas-supplying means
provided to the apparatus and capable of supplying the gas having a desired relative humidity around the discharging
means, the fibrous aggregate containing the fibers having a uniform fiber diameter can be manufactured without the
influence of humidity. Further, the solvent vaporized from the fiberizable liquid can be rapidly removed, and the vapor
pressure around the discharging means can be prevented from becoming saturated. Thus, the fibrous aggregate can
be continuously manufactured. An apparatus containing the gas-supplying means capable of supplying a gas having a
desired relative humidity around the discharging means of the fiberizable liquidis illustrated in Fig. 3. Fig. 3 is a schematic
sectional view observed from a direction perpendicular to the conveying direction of the collector. In the producing
apparatus of the present invention as shown in Fig. 3, the partition plate 12 is placed outside the endiess track of the
group of the nozzles 2; to 2,,, so that it surrounds the group of the nozzles 2, to 2, and a gas having a desired relative
humidity can be supplied around the nozzles. A distance between the partition plate 12 and the group of the nozzles 2,
to 2, in the horizontal direction and a positional relationship thereof in the vertical direction may vary with an electric
field strength between the group of the nozzles 24 to 2, and the collector 5, fiberizing conditions such as the kind and
the discharged amount of the fiberizable liquid, the applied voitage, orthe like. Thus, they can be appropriately determined
by repeated experiment. The producing apparatus shown in Fig. 3 has the same construction as that of the producmg
apparatus shown in Figs. 1 and 2, except that the former has the partition plate 12.

[0061] In the producing apparatus shown in Fig. 3, the porous material 10a is equipped with the partition plate 12.
Alternatively, a non-porous material may be installed instead of the porous material 10a, and equipped with the partition
plate 12 so that it surrounds the group of the nozzles 24 to 2,,. In this case, only the area of the partition plate 12 is porous
or opens. Alternatively, the porous material 10a, the non-porous material, or the ceiling plane of the fiberizing room 9
may be equipped with a partition plate 12 so that it surrounds the group of the nozzles 2 to 2,,, and at the same time,
a gas-supplying means may be installed so that it is connected directly with the partition plate, whereby a gas having a
desired relative humidity can be supplied around the nozzies. In this case, a gas-supplying means capable of supplying
a gas having a desired relative humidity throughout the fiberizing room 9 can also be instalied.

[0062] The expression "around the discharging means of the fiberizable liquid" as used herein means a hypothetical
space surrounded by (1) a circular top wall having a diameter of 50 mm and a circular center at the center of the
discharging means of the fiberizable liquid (i.e., a tip of the individual nozzle in Fig. 3) and (2) a cylindrical column having
a height of 50 mm and elongating from the circular top wall to a direction parallel to the discharging direction of the
fiberizable liquid. The relative humldlty may vary with a desired diameter of the fiber, and be appropriately determined
by repeated tests.

[0063] According to the producing method and apparatus of the present invention, the fibrous aggregate having an
even dispersion of the fiber amount all round and having a coefficient of variation of 3% or less can be easily produced.
A method for measuring the coefficient of variation will be described in the Examples as below.

[0064] When an insulating plate, such as a polyvinyl chloride or acrylic resin plate, is positioned at both sides of the
collector or as the partition plate, the insulating plate is electrically charged with a same polarity to that of the fiberizable
liquid, by the electrical field generated by the electrical charges of the fiberizable liquid discharged from the discharging
means, whereby an electrically repulsive force on the surface of the insulating plate can prevent the fiberizable liquid,
and accordingly, the fibers, from spreading, and thus, the positions where the fibers are accumulated can be controlled.
Therefore, the fibrous aggregate having even dispersion of the fiber amount can be easily manufactured.

[0065] Before winding up, the fibrous aggregate is preferably dried. The drying can prevent the wound up fibrous
aggregates from adhering to each other. This is because when the solvent constituting the fiberizable liquid remains,
the fibrous aggregates may be adhered to each other thereby.

[0066] It is preferable that, .in the fibrous aggregate formed on the collecting surface 5a of the collector 5 according to
the present producing apparatus shown in Figs. 1 and 2, an area (the area 6z in Fig. 1) outside from the center of the

first sprocket 6a and an area (the area 6y in Fig. 1) outside from the center of the second sprocket 8b are removed as

a selvage, and a remaining area (the area 6x in Fig. 1) between the center of the first sprocket 6a and the center of the
second sprocket 6b is used as the fibrous aggregate.

[0067] In the present invention, a ratio of the major axis (longitudinal diameter) and the minor axis (lateral diameter)
of the endless track is not limited. However, the ratio (L/S) of the major axis (L) to the minor axis (S) is preferably more
than 2, more preferably 3 or more. If the ratio (L/S) is 2 or less, the ratio of the linear motion area of the means capable
of discharging the fiberizble liquid (nozzles) becomes relatively lower, and thus, it is not preferable with respect toa
productivity.

EXAMPLES

[0068] The present invention will now be further illustrated by, but is by no means limited to, the following Examples.
Examples 1 and 2
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(1) Preparation of fiberizable liquid

Afiberizable liquid (viscosity: 1200mP-s) was prepared by dissolving polyacrylonitrile of a weight average molecular
weight of 400 thousands in N,N-dimethylformamide to a concentration of 12 mass%.

(2) Assembly of the apparatus of production

A producing apparatus as shown in Figs. 1 and 2 was assembled. More particularly, a group of fourteen (14) nozzles
2, to 2,, (a needie-like stainless steel nozzle having an internal diameter of 0.4mm, respectively) was fixed on a
chain support 6c at a respective pitch of 80 mm. A bridge of the support 6c was formed between a first sprocket 6a
and a second sprocket 6b, whereby the group of the nozzles 24 to 244 was arrangedin aformof an ellipse (longitudinal
diameter = 480mm; lateral diameter = 140mm). Further, a driving motor (the oonveylng means 6) was positioned
on the first sprocket 6a.

Then, a polyethylene flexible bag (fiberizable liquid reservoir 1) was connected to a micropump (manufactured by
Micropump; Micropump FC-513 Pumphead: 188 1 rpm = 0.017mL type: Controller manufactured by Chuorika Co.,
Ltd.) (the supplying-discharging means 3) and a perfluoroalkoxy resin tube (the supplying pipe 1a) which in tum
was connected to the nozzie 2, via a rotary joint. The nozzle 24 was connected to the adjacent nozzle 2, via a tube
(the supplying pipe 1a) similar to the above tube, thereby allowing the fiberizable liquid to be supplied via the nozzle
2, to the nozzle 2,. In the same manner, the nozzle 2, and the nozzle 23, the nozzle 2; and the nozzle 2,4, and up

to the nozzle 2,, were connected via a similar tube (the supplying pipe 1a) one after another, to-thereby alicw the ™

fiberizable liquid to be supplied up to the nozzle 2,,. A stainless steel wire (the electncally conductive material)
having a diameter of 0.1 mm was inserted in the supplying pipe 1a.

Thereafter, the belt collector 5 (width = 500 mm) made of a steel belt coated with an electrically conductlve silicone
rubber was grounded and positioned below the group of the nozzles 2, to 244. The fiberizable liquid reservoir was
connected to a high-voltage electric source 4, and the group of the nozzles 2, to 244 was positioned so that the tips
of the group of the nozzles 2, to 244 downwardly faced the belt collector 5 from above, and the direction of the
longitudinal diameter of the endless track of the group of the nozzles 2 to 2,4 conformed to the width direction (a
direction perpendicular to the conveying direction) of the belt collector 5. The distance between the tips of the group
of the nozzles 24 to 2,4, and the collecting surface 5a of the belt collector 5 was 100 mm.

Subsequently, the group of the nozzles 2, to 2,4 and the belt collector 5 were placed at the center of a flbenzmg
cuboid room 9 (width = 800 mm; height = 1300 mm; depth = 1800 mm) of polyvinyl chloride. A polyvinyl chloride
punching plate (the porous material 10a) was placed parallel to the ceiling plane at a position of 500 mm below from
the ceiling plane, and a polyvinyl chloride punching plate (the porous material 11a) was placed parallel to the bottom
plane at a position of 100 mm above from the bottom plane. A paper tube was positioned as the winding-up device
8 at the end of conveying direction of the belt collector 5. The paper tube was able to rotate in accordance with the
conveying movement of the belt collector 5, and wind up the fibrous aggregate.

Then, a temperature-humidity controliing air blower (PAU-1400HDR, Apiste Corp.; the gas supplying device 10)
was connected to the ceiling plane of the fiberizing cuboid room 9, and an exhaust fan(the gas exhausting device
11) was connected to the bottom plane of the fiberizing cuboid room 9.

(3) Production of fibrous aggregate

[0069] The fiberizable liquid was introduced into the fiberizable liquid reservoir 1, and supplied to the group of the
nozzles 24 to 244 via the nozzle 2, by the micropump. The fiberizable liquid was discharged from each nozzle in an
amount of 2 g/hour per one nozzle, while the group of the nozzles 2, fo 2,4, was conveyed at a constant velocity of 125
mm/sec in such a manner that the moving directions m1, m2 of the linear motion area 6x of the endless track conformed
to the width direction of the collecting surface 5a, i.e., a direction perpendicular to the moving direction D of the collecting
surface 5a. While the belt collector 5 was conveyed at a constant surface velocity of 2.4 cm/minute in Example 1 and
0.9 cnvminute in Example 2, a voltage of +15 kV was applied to the fiberizable liquid by the high-voltage electric source
4 to apply an electrical field to the discharged fiberizable liquid and fiberize the fiberizable liquid. The fibers were accu-
mulated on the belt collector 5 to produce the fibrous aggregate composed of continuous fibers having an average fiber
diameter of 0.42 wm. During the production procedures of the fibrous aggregate, a humidified air having a temperature
of 25°C and a relative humidity of 25% was supplied at a rate of 5 m3/minute by the gas supplying device 10, and a gas
from the gas outlet was evacuated by the exhaust fan 11.

Comparative Example 1

(1).Assembly of the apparatus of production
[0070] Four tubes carrying nozzles wherein a group of eight nozzles (a needle-like stainless steel nozzle having an

internal diameter of 0.4mm, respectively) was linearly positioned at an identical pitch of 30 mm on a finear stainless steel
tube were provided. More particularly, a group of eight nozzles 2,4 to 2,5 was fixed linearly on a first stainless steel tube,
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a group of eight nozzles 2;, to 2,5 was fixed linearly on a second stainless stee! tube, a group of eight nozzles 23, to
235 was fixed linearly on a third stainless steel tube, and a group of eight nozzles 2, fo 2,5 was fixed linearly on a fourth
stainiess steel tube. Each stainless steel tube from the first stainless steel tube to the fourth stainless steel tube was
positioned so that the longitudinal direction thereof conformed to a direction perpendicular to the moving direction of the
belt collector (width = 500mm) which was placed under each stainless steel tube, that is, paralle! to the width direction
of the belt collector. Further, four stainless steel tubes were positioned in such a manner that a positional relationship
between the group of the nozzles 2,4 to 2, of the first stainless steel tube and the group of the nozzles 2,, to 2,4 of
the second stainless steel tube was such that each nozzle in one group was zigzaggedly shifted from each nozzle in
the other group by 1/4 pitch in the width direction of the belt collector; a positional relationship between the group of the
nozzles 24 to 2,5 of the second stainless steel tube and the group of the nozzles 234 to 254 of the third stainless steel
tube was such that each nozzle in one group was zigzaggedly shifted from each nozzle in the other group by 1/4 pitch
in the width direction of the belt collector; and a positional relationship between the group of the nozzles 25, to 255 of
the third stainless steel tube and the group of the nozzles 24, to 2,4 of the fourth stainless steel tube was such that each
nozzle in one group was zigzaggedly shifted from each nozzle in the other group by 1/4 pitch in the width direction of
the belt collector. The first stainless stee! tube to the fourth stainless steel tube were connected to an electrically-driven
actuator so that the first stainless steel tube to the fourth stainless steel tube were abie to integrally reciprocate as a
whole in the width direction of the collector 5. :

[0071] Then, similar to the apparatus shown in Figs. 1 and 2, a polyethylene flexible bag (ﬁberlzab|e liquid reservoir
1) was connected to a micropump (manufactured by Micropump; Micropump FC-513 Pumphead: 188 1 rpm=0.017mL
type: Controller manufactured by Chuorika Co., Ltd.) (the supplying-discharging means). To each of the first stainless
steel tube to the fourth stainless steel tube, a perfluoroalkoxy resin tube (the supplying pipe 1a) was connected, respec-
tively, to thereby allow the fiberizable liquid to be supplied to all of the nozzles 244 to 2,g.

[0072] Thereafter, similar to the apparatus shown in Figs. 1 and 2, a belt collector (width = 500 mm; the belt collector
5) made of a steel belt coated with an electrically conductive silicone rubber was grounded and positioned below the
group of the nozzles 24 to 245. The polyethylene fiexible bag (fiberizable liquid reservoir 1) was connected to a high-
voltage electric source (high-voltage electric source 4), and the group of the nozzles was positioned so that the tips of
the group of the nozzles 2, to 2,45 downwardly faced the belt collector from above, and the direction of the linear position
of each group of nozzles conformed to the width direction (a direction perpendicular to the conveying direction) of the
belt collector. The distance between the tips of the group of the nozzles 2, to 245 and the collecting surface of the belt
collector was 100 mm.

[0073] Subsequently, the group of the nozzles 2,4 to 245 and the belt collector were placed at the center of a fiberizing
cuboid room (fiberizing room 9; width = 800 mm; height = 1300 mm; depth = 1800 mm) of polyvinyl chioride. A polyvinyl
chloride punching plate (the porous material 10a) was placed paraliel to the ceiling plane at a position of 500 mm below
from the ceiling plane, and a polyvinyl chloride punching plate (the porous material 11a) was placed paralle! to the bottom
plane at a position of 100 mm above from the bottom plane. A paper tube was positioned as a winding-up device (the
winding-up device 8) at the end of the conveying direction of the belt collector. The paper tube was able to rotate in
accordance with the conveying movement of the belt collector, and wind up the fibrous aggregate.

[0074] Then, a temperature-humidity controlling air blower (PAU-1400HDR, Apiste Corp.; the gas supplying device
10) was connected to the ceiling plane of the fiberizing cuboid room, and an exhaust fan (the gas exhausting device 11)
was connected to the bottom plane of the fiberizing cuboid room.

(2) Production of fibrous aggregate

[0075] The same fibefizable liquid as that used in Examples 1 and 2 was introduced into the fiberizable fiquid reservair,
and supplied to the group of the nozzles 244 to 2,45 by the micropump. The fiberizable liquid was discharged from each
nozzle in an amount of 1 g/hour per one nozzle, while the groups of the nozzles 2, ; to 2,4 were reciprocated at a constant
velocity of 20 mm/sec in a direction identical to the width direction of the belt collector (reciprocating width = 40 mm).
While the belt collector was conveyed at a constant surface velocity of 5 cm/minute, a voltage of 17 kV was applied to
the fiberizable liquid by the high-voltage electric source fo apply an electrical field to the discharged fiberizable liquid
and fiberize the fiberizable liquid. The fibers were accumulated on the belt collector to produce the fibrous aggregate
composed of continuous fibers having an average fiber diameter of 0.43 um. During the production procedures of the
fibrous aggregate, a humidified air having a temperature of 25°C and a relative humidity of 25% was supplied at a rate
of 5 m¥minute by a gas supplying device (the gas supplying device 10), and a gas from the gas outlet was evacuated
by the exhaust fan (the gas exhausting device 11).

[0076] The resulting fibrous aggregate included many stripes elongating in a direction identical to the conveying
direction of the collector and had a poor texture. This seemed to be due to the temporary stops in the remprocatnng
movement. .
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Comparative Example 2

(1) Assembly of the apparatus of production

[0077] Ten nozzles 24 to 24 (a needle-like stainless steel nozzle having an internal diameter of 0.4mm, respectively)
were linearly positioned at a pitch of 30 mm on a linear stainless steel tube. The stainless steel tube was then positioned
over a belt collector (the collector 5; width = 500mm) so that the longitudinal direction of the stainless steel tube became
parallel to the moving direction of the belt collector, that is, perpendicular to the width direction of the belt collector. The

- stainless steel tube was connected to an electrically-driven actuator so that it was able to reciprocate in the width direction

of the collector. _

[0078] Then, a polyethylene flexible bag (fiberizable liquid reservoir 1) was connected to a micropump (manufactured

by Micropump; Micropump.FC-513 Pumphead: 188 1 rpm = 0.017mL type: Controller manufactured by Chuorika Co.,

Ltd.) (the supplying-discharging means). To the stainless steel tube to which the group of the nozzles 2, to 245 was

fixed, a perfluoroalkoxy resin tube (the supplying pipe 1a) was connected, to thereby allow the fiberizable liquid to be
supplied to the group of the nozzles 24 to 24¢. . :
[0079] Thereafter, similar to the apparatus shown in Figs. 1 and 2, a-belt coliector (width = 500 mm) made of a steel

belt coated with an electrically conductive silicone rubber was grounded and positioned below the group of the nozzles-
2, to 2,. The polyethylene flexible bag (fiberizable liquid reservoir 1) was connected to a high-voltage electric source

(high-voltage electric source 4), and the group of the nozzles 2, to 24, was positioned so that the tips of the group of
the nozzles 2, to 2, downwardly faced the belt collector from above, and the direction of the linear position of the group
of nozzles 2, to 24, conformed to a direction parallel to the conveying direction of the belt collector. The distance between
the tips of the group of the nozzles 2, to 244 and the collecting surface of the belt collector was 100 mm. _

[0080] Subsequently, the group of the nozzles 24 to 244 and the belt collector were placed at the center of a fiberizing
cuboid room (fiberizing room 9; width = 800 mm; height = 1300 mm; depth = 1800 mm) of polyvinyl chloride. A polyvinyi
chloride punching plate (the porous material 10a) was placed paralle! to the ceiling plane at a position of 500 mm below
from the ceiling plane, and a polyvinyl chioride punching plate (the porous material 11a) was placed parallel to the bottom
plane at a position of 100 mm above from the bottom plane. A paper tube was positioned as a winding-up device (the
winding-up device 8) at the end of conveying direction of the belt collector. The paper tube was able to rotate in accordance
with the conveying movement of the belt collector, and wind up the fibrous aggregate.

[0081] Then, a temperature-humidity controlling air blower (PAU-1400HDR, Apiste Corp.; the gas supplying device
10) was connected to the ceiling plane of the fiberizing cuboid room, and an exhaust fan (the gas exhausting device 11)
was connected to the bottom plane of the fiberizing cuboid room. '

(2) Production of fibrous aggregate

[0082] The same fiberizable liquid as that used in Examples 1 and 2 was introduced into the fiberizable liquid reservoir,
and supplied to the group of the nozzles 2 to 24 by the micropump. The fiberizable liquid was discharged from each
riozzle in an amount of 2 g/hour per one nozzle, while the groups of the nozzles 2, to 244 were reciprocated. at velocity
of 300 mm/sec in a direction identical to the width direction of the belt collector (reciprocating width = 330 mm). While
the belt collector was conveyed at a constant surface velocity of 0.8 cm/minute, a voltage of 15 kV was applied to the
fiberizable liquid by the high-voltage electric source to apply an electrical field to the discharged fiberizable liquid and
fiberize the fiberizable liquid. The fibers were accumulated on the belt collector to produce the fibrous aggregate composed
of continuous fibers having an average fiber diameter of 0.43 pm. During the production procedures of the fibrous

* aggregate, a humidified air having a temperature of 25°C and a relative humidity of 25% was supplied at a rate of 5 m3/

minute by a gas supplying device {the gas supplying device 10), and a gas from the gas outlet was evacuated by the
exhaust fan (the gas exhausting device 11).

Evaluation of the fibrous aggregates
(1) Preparation of strip samples

[0083] Regarding the products prepared in Examples 1 and 2, an area (the area 6z in Fig. 1) outside from the center
of the first sprocket 6a and an area (the area 6y in Fig. 1) outside from the center of the second sprocket 6b were removed
as a selvage, and the remaining areas (the area 6x in Fig. 1) between the center of the first sprocket 6a and the center
of the second sprocket 8b were used as the fibrous aggregates of Examples 1 and 2. Regarding the product prepared
in Comparative Example 1, both side areas from the edges to the inner lines of 40 mm therefrom were cut off, and the
remaining central area was used as the fibrous aggregates of Comparative Example 1. Regarding the product prepared
in Comparative Example 2, both side areas from the edges to the inner lines of 40 mm therefrom were cut off, and the
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remaining central area was used as the fibrous aggregates of Comparative Example 2.

[0084] Plural strip samples were taken off in a lateral direction from each of the fibrous aggregates. More particularly,
each strip sample had a size of 5 cm in the moving direction of the coliector and 2 cmin the width direction of the collector.
Plural strip samples were taken laterally from one edge to the other edge of each of the fibrous aggregates.

(2) Measurement of coefficient of variation
[0085] A mass (= fiber mass) of each strip sample was measured, and converted to a mass per 1 m? of each strip

sample. Then, a coefficient of variation (CV value) of each strip sample was caiculated from the above mass per unit
area. The result is shown in Table 1.

(3) Results
[0086]
Table 1 )
coefficient of variation(%)
Example 1 2.20
Example 2 1.38

Comparative Example 1 | 5.09
Comparative Example 2 | 3.59

[0087] As shown in Table 1, it is apparent that the fibrous aggregate having a small coefficient of variation, and a
uniform and even dispersion of the fiber amount in the width direction can be obtained in accordance with the producing
method and apparatus of the present invention.

Claims
1. A method of producing fibrous aggregate, comprising:

a supplying and discharging step in which a fiberizable liquid is supplied from a means for storing a fiberizable
liquid to a means for discharging a fiberizable liquid via a supplying pipe, and said fiberizable I|qu1d is discharged
from said discharging means; and

a fibers-collecting step in which fibers drawn and fiberized by applying an electrical field to the discharged
fiberizable liquid are accumulated directly on a collecting surface of a collector while unidirectionally conveying
said collecting surface to form said fibrous aggregate;

wherein said discharging means is carried on a support capable of moving along an endiess track capable of
rotationally travelling between a pair of rotating shafts, and said fiberizable liquid is discharged from said discharging
means while said support is revolved at a constant velocity under the condition that a moving direction of a linear
motion area in said endless track conforms to a width direction of said collecting surface.

2. The methodaccording toclaim 1, wherein said support carries thereon two or more means for discharging afiberizable
liquid.

3. The method according to claim 1 or 2, wherein said supplying and discharging step and said fibers-collecting step
are carried out under the condition that an electrically conductive matenal is positioned in a part of or throughout
said supplying pipe.

4. The method according to any one of claims 1 to 3, wherein said supplying and discharging step and said fibers-
collecting step are carried out under the condition that a gas having a desired relative humldlty is supplied around
said means for discharging a fiberizable liquid.

5. The method according to any one of claims 1 to 4, wherein said supplying and discharging step and said fibers-
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collecting step are carried out while an electrical field is applied from an outside of said endless track of said support.

6. An apparatus for producing fibrous aggregate, comprising

10.

a means capable of storing a fiberizable liquid;

a means capable of discharging a fiberizable liquid;

a supplying pipe connecting said storing means and said discharging means;

a supplying and discharging means capable of supplying a fiberizable liquid from said storing means to said
discharging means, and discharging said fiberizable liquid from said discharging means;

a voltage applying means capable of applying an electrical field to a fi berizable liquid discharged by an action
of said supplying and discharging means to conduct drawing and fiberization;

a collector having a collecting surface on which fiberized fibers are directly accumulated and capable of forming
a fibrous aggregate while said collecting surface is unidirectionally conveyed;

a support capable of moving along an endless track capable of rotationally travelling between a pair of rotating
shafts, and carrying thereon said discharging means so that said discharging means is able to be conveyed
along said endiess track, wherein 2 moving direction of a linear motion area in said endless track conforms to
a width direction of said collecting surface;and - . .---

a means mpable of rotationally conveying said support along said endless track at a constant velocity.

The apparatus aecordlng to claim 6, wherein said support carries thereon two or more means capable of discharging
a fiberizable liquid.

The apparatixs accordihg to claim 6 or 7, wherein an electrically conductive material is positioned in a part of or
throughout said supplying pipe. :

The apparatus according to any one of claims 6 to 8, further comprising a means capable of supplying a gas having
a desired relative humidity around said means for discharging a fiberizable liquid.

The apparatus accordung to any one of claims 6 to 9, further compnsmg a means capable of applying an electrical
field from an outside of said endless track of said support.

Patentanspriiche

1.

2,

Verfahren zur Hersteliung eines Faseraggregats, Folgendes umfassend:

einen Zufuhr- und AusstofRschritt, in dem eine Spinnsprilhfiiissigkeit tiber eine Zufuhrleitung von einem Mittel
zum Lagern einer Spinnspriihfliissigkeit zu einem Mittel zum AusstoRen einer Spinnspriihfilissigkeit gefihrt
wird und die Spinnspriihfilissigkeit aus dem Ausstofimittel ausgestofien wird, und

einen Fasersammelschritt, in dem Fasem, die durch Anlegen eines elektrischen Feldes an die ausgestofiene
Spinnsprihfliissigkeit gezogen und spinngespriiht werden, direkt auf einer Aufnahmeoberfliache eines Kollektors
gesammeltwerden, wihrend die Aufnahmeoberfidche in eine Richtung transportiert wird, um das Faseraggregat
2u bilden, wobei das AusstoRmittel von einer Halterung getragen wird, die in der Lage ist, sich entlang einer
Endlosbahn zu bewegen, die in der Lage ist, sich zwischen einem Paar Drehwellen drehend zu bewegen, und
wobei die Spinnspriihfilissigkeit aus dem AusstoBmittel ausgestoRen wird, wahrend die Halterung mit gleich-
bleibender Geschwindigkeit unter der Bedingung umlauft, dass eine Bewegungsrichtung eines linearen Bewe-
gungsbereiches in der Endlosbahn einer Breiterichtung der Aufnahmeoberfiéche entspricht.

Verfahren nach Anspruch 1, wob‘ei die Halterung zwei oder mehr Mittel zum Ausstoflen einer Spinnsprihfilissigkeit
tragt. .

Verfahren nach Anspruch 1 oder 2, wobei der Zufuhr- und AusstoRschritt und der Fasersammelschritt unter der
Bedingung ausgefiihrt werden, dassin einem Teil oder in der gesamten Zufuhrleitung ein elektrisch leitendes Material
angeordnet ist. '

Verfahren nach einem der Anspriiche 1 bis 3, wobei der Zufuhr- und AusstoRschritt und der Fasersammelschritt

unter der Bedingung ausgefiihrt werden, dass um das Mittel zum AusstoRen einer Spinnsprihflissigkeit herum ein
Gas mit einer gewlinschten relativen Feuchte zugefiihrt wird.
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5. Verfahren nach einem der Anspriiche 1 bis 4, wobei der Zufuhr- und Aussto}schritt und der Fasersammelschritt
ausgefithrt werden, wahrend von aufterhalb der Endlosbahn der Halterung ein elektrisches Feld angelegt wird.

6. Vorrichtung zur Hersteliung eines Faseraggregats, Folgendes umfassend:

ein Mittel, das zum Lagem einer Spinnspruhfitissigkeit in der Lage ist,

ein Mittel, dass zum Ausstofien einer Spinnspriihfiiissigkeit in der Lage ist,

eine Zufuhrieitung, die das Lagerungsmittel und das AusstofRmittel verbindet,

ein Zufuhr- und Ausstofimitte!, das in der Lage ist, eine Spinnsprihfiiissigkeit vom Lagerungsmittel zum Aus-
stolRmittel zu filhren und die Spinnspriihflissigkeit aus dem AusstoRmittel auszustofien,

ein Mittel zum Aniegen einer Spannung, das in der Lage ist, ein elektrisches Feld an eine Spinnsprihfiiissigkeit
anzulegen, die durch eine Aktivitdt des Zufuhr- und AusstoBmittels ausgestoflen wird, um das Ziehen und
Spinnsprithen auszufiihren,

einen Kollektor mit einer Aufnahmeoberflache, auf der die spinngespriihten Fasem direkt gesammelt werden,
und der zum Bilden eines Faseraggregats in der Lage ist, wahrend die Aufnahmeoberfléche in eine Richtung
transportiert wird, ‘

eine Halterung, die zur Bewegung entlang einer Endlosbahn in der Lage ist, die zur Drehbewegung zwischen
einem Paar Drehwellen in der Lage ist, und die das Ausstof3mittel derart tragt, dass das Entladungsmittel entlang
der Endlosbahn transportiert werden kann, wobei eine Bewegungstrichtung eines linearen Bewegungsbereiches
in der Endlosbahn einer Breiterichtung der Aufnahmeoberflache entspricht, und

ein Mittel, das zum drehbaren Transportieren der Halterung.entlang der Endlosbahn mit gleichbleibender Ge-
schwindigkeit in der Lage ist.

7. Vorrichtung nach Anspruch 6, wobei die Halterung zwei oder mehr Mittel zum Ausstofien einer Spinnspriihfilissigkeit
tragt.

8. Vorrichtung nach Anspruch 6 oder 7, wobei in einem Teil oder in der gesamten Zufuhrieitung ein elektrisch leitendes
Material angeordnet ist.

9. Vorrichtung nach einem der Anspriiche 6 bis 8, ferner ein Mittel umfassend, das in der Lage ist, ein Gas mit einer
gewinschten relativen Feuchte um ein Mittel zum Ausstof3en einer Spinnsprithfilissigkeit herum zuzufiihren.

10. Vorrichtung nach einem der Anspriiche 6 bis 9, femer ein Mittel umfassend, das zum Anlegen eines elektrischen
Feldes von auRerhalb der Endlosbahn der Halterung in der Lage ist.

Revendications
1. Procédé de production d'un agrégat fibreux, comprenant :

une étape d'approvisionnement et de déversement au cours de laquelle un liquide apte & étre transformé en
fibres est transféré d’'un moyen de stockage d'un liquide apte a étre fransformeé en fibres vers un moyen de
déversement d'un liquide apte & étre transformé en fibres en passant par un conduit d’approvisionnement, ledit
liquide apte & étre transformé en fibres étant déversé par lesdits moyens de déversement et

une étape de collecte de fibres au cours de laquelie les fibres sont étirées et formées en appliquant un champ
electrique sur le liquide apte & étre transformé en fibres qui est déversé, les fibres s’accumulant directement
sur une surface de collecte d'un collecteur pendant que ladite surface de collecte est déplacée de fagon unidi-
rectionnelie pour former ledit agrégat fibreux,

lesdits moyens de déversement étant transportés sur un support qui peut se déplacer sur une piste sans fin
apte & se déplacer en rotation entre deux arbres rotatifs, ledit liquide apte & &tre transformé en fibres étant
déversé par lesdits moyens de déversement pendant que ledit support est entrainé en rotation & vitesse cons-
tante en respectant la condition que la direction de déplacement d'une surface de déplacement linéaire de ladite
piste sans fin épouse le sens de la largeur de ladite surface de collecte.

2. Procede selon la revendication 1, dans lequel ledit support présente sur sa surface deux ou plusieurs moyens de
déversement d'un liquide apte a étre transformé en fibres.

3. Procédé selon les revendications 1 ou 2, dans lequel ladite étape d’approvisionnement et de déversement et ladite
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étape de collecte des fibres sont réalisées en respectant la condition qu'un matériau électriquement conducteur est
placé dans une partie ou dans la totalité dudit conduit d'approvisionnement.

Procédé selon I'une quelconque des revendications 1 & 3, dans lequel ladite étape d'approvisionnement et de
déversement et ladite étape de collecte de fibres sont réalisées en respectant la condition qu'un gaz qui présente
une humidité relative souhaitée est amené autour desdits moyens de déversement duditliquide apte & étre transformé
en fibres.

Procédé selon 'une quelconque des revendications 1 & 4, dans lequel ladite étape étapes d'approvisionnement et
de déversement et ladite étape de collecte de fibres sont réalisées pendant qu'un champ électrique est appliqué
de Pextérieur sur ladite piste sans fin dudit support.

Appareil de production d’un agrégat fibreux, comprenant :

des moyens permettant de stocker un liquide apte & étre transformé en fibres,

des moyens permettant dé déverser un liquide apte & &tre transformé en fibres,

un conduit d’approvisionnement reliant lesdits moyens de stockage et lesdits moyens de déversement,

des moyens d'approvisionnement et de déversement permettant un approvisionnement en liquide apte a étre
transformé en fibres depuis lesdits moyens de stockage jusqu'auxdits moyens de déversement et permettant
le déversement dudit liquide apte & étre transformé en fibres par lesdits moyens de déversement,

des moyens d'application d’une tension électrique permettant d'appliquer un champ électrique sur le liquide
apte a atre transformé en fibres qui est déversé suite a 'action desdits moyens d'approvisionnement et de
déversement, pour réaliser I'étirage et la formation des fibres,

un coliecteur présentant une surface de collecte sur laquelle les fibres formées s'accumulent directement et
permettant de former un agrégat fibreux pendant que ladlte surface de collecte est déplacée de fagon unidi-
rectionnelle,

un support capable de se déplacer sur une piste sans fin qui peut étre entrainé en rotation entre deux arbres
rotatifs et qui transporte lesdits moyens de déversement pour que lesdits moyens de déversement soient
transportés sur ladite piste sans fin, une direction de déplacement d’une surface de déplacement linéaire de
ladite piste sans fin épousant le sens de la largeur de ladite surface de collecte et

des moyens permettant d’entrainer en rotation a vitesse constante ledit support sur ladite piste sans fin.

Appareil selon la revendication 6; dans lequel ledit support transporte au moins deux moyens permettant de deverser '
un liquide apte a étre transformé en fibres.

Appafei! selon les revendications 6 ou 7, dans lequel un matériau électriquement conducteur est placé dans une
partie ou-dans la totalité dudit conduit d'approvisionnement.

Appareil selon 'une quelconque des revendications 6 & 8, comprenant de plus un moyen permettant 'approvision-
nement en un gaz présentant une humidité relative souhaitée autour desdits moyens de déversement d’un liquide
apte a étre transformé en fibres.

Appareil selon 'une quélconque des revendications 6 & 9, comprenant de plus des moyens permettant d'appliquer
de P'extérieur un champ électrique sur ladite piste sans fin dudit support. .
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