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@ NONWOVEN FABRIC, PRODUCTION THEREOF, AND APPARATUS THEREFOR.

@ A non-woven fabric of the invention is character-
ized by comprising a filament layer wherein nu-
merous filaments formed of a polymer material are
spirally arranged as if numerous slender ellipses are
arranged on a plane one beside another. It is pro-
duced by spinning a polymer material into filaments,
vibrating the filaments, amplifying the vibration, and

arranging the filaments in the form of an assembly of

slender ellipses substantially in the direction of the
major axis of the ellipse.
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NON-WOVEN FABRIC AND METHOD AND APPARATUS FOR MAKING THE SAME

[Technical Field]

The present invention relates to a non-woven
fabric obtained by spinning a polymeric material
and a method and apparatus for making the same
and, more particularly, to a non-woven fabric in
which filaments composing the non-woven fabric
are collected to form an ellipse having an elon-
gated major axis and the filaments are arranged in
substantially the major axis direction and a method
and apparatus for making the same.

[Background Art]

Random-laid non-woven fabrics made by a
conventional spun bonding method and the like are
excellent in bulkiness and texture. The random-laid
non-woven fabrics also have excellent water per-
meability and filtering characteristics. Since, how-
ever, filaments are arranged substantially at ran-
dom in the random-laid non-woven fabrics, the
random-faid non-woven fabrics have only a poor
dimensional stability and a small strength in the
longitudinal and transverse directions. In order to
improve the strength, the conventional random-laid
non-woven fabrics may be stretched. When the
conventional random-laid non-woven fabrics are
simply stretched in the longitudinal or transverse
direction, however, an interengagement or bondage
connecting the filaments is often disconnected, and
the filaments themselves are not siretched. There-
fore, the strength of the non-woven fabrics is not
increased.

In addition, a technique of biaxially streiching
normal non-woven fabrics is available as disclosed
in British Patent No. 1,213,441. When normal non-
woven fabrics are biaxially stretched, however, an
efficiency of stretching filaments composing the
non-woven fabrics is low. Therefore, the strength of
the non-woven fabrics cannot be sufficiently in-
creased.

The present inventors, therefore, proposed a
method and apparatus for stretching a non-woven
fabric in the longitudinal or transverse direction, a
means of crosslaminating a longitudinally stretched
non-woven fabric and a transversely stretched non-
woven fabric, a means of unidirectionally arranging
spun filaments, and the like in Japanese Patent
Application No. Sho 62-173927. The invention of
this prior application is characterized in that a long-
fiber random-laid non-woven fabric obtained by
spinning un-oriented filaments is stretched in a
predetermined direction so that the filaments com-
posing the non-woven fabric are substantially
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stretched to cause a molecular orientation. As dis-
closed in this prior application, when a non-woven
fabric in which filaments are unidirectionally ar-
ranged is stretched in an arranging direction of the
filaments, the filaments are streiched, and the
strength of the non-woven fabric is increased. In
accordance with the type of filaments composing a
non-woven fabric, if only the filaments are ar-
ranged, a satisfactory strength or dimensional sta-
bility can be obtained in an arranging direction of
the filaments without stretching the fabric.

A method of making a sheet by shaking fibers
is disclosed in Japanese Patent Publication No.
Sho 45-10779. In this method, a fluid is alternately.
intermittently sprayed from right and left directions
to a portion close o a spray outlet of fibers, there-
by shaking the fibers to make a sheet.

[Disclosure of Invention]

It is an object of the present invention to pro-
vide a non-woven fabric having a good dimensional
stability and a large strength in both the longitudi-
nal and transverse directions and a method and
apparatus for making the same.

A non-woven fabric according to the present
invention includes a filament-laid layer in which one
or more continuous filaments obtained by spinning
a polymeric material are collected to form an el-
lipse having an elongated major axis and the fila-
ments are arranged in a substantially major axis
direction. That is, one or more continuous filaments
are spirally collected along a shape in which an
ellipse having an elongated major axis is gradually
shifted in a plane. Since one or more continuous
filaments are substantially unidirectionally arranged,
the strength in the arranging direction is larger than
those of conventional random-laid non-woven fab-
rics.

The above filament-laid layer is preferably
stretched in an arranging direction of the filaments.
The strength of the non-woven fabric is further
increased by stretching.

A method and apparatus for making the non-
woven fabric according to the present invention is
characterized in that filaments consisting of a poly-
meric material spun from a spinning nozzle are
vibrated, the vibration of the filaments are ampilified
o coliect the filaments into an ellipse having an
elongated major axis, and the filaments are scai-
tered and spread so as to be arranged in a sub-
stantially major axis direction. That is, a method of
making the non-woven fabric according to the
present invention comprises the steps of spinning
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filaments consisting of a polymeric material, vibrat-
ing the filaments, amplifying the vibration of the
filaments, and collecting the filaments to form an
ellipse having an elongated major axis so that the
filaments are arranged in a substantially major axis
direction. An apparatus of making the non-woven
fabric according to the present invention comprises
means form spinning filaments consisting of a poly-
meric material, means for vibrating the filaments,
means for amplifying the vibration of the filament,
stage means for arranging the filaments on a plane
to form a sheet, and means for moving the filament
spinning means and the stage means relative to
each other.

Exampies of the polymeric material are a poly-
meric material dissolved or dispersed in the form
of an emulsion in a solvent and a melted polymeric
material.

Filaments are preferably vibrated spirally or in
zigzag.

The vibration of filaments is preferably per-
formed as described in the following items (1), (2),
and (3).

(1) A small amount of fluid is applied at a small
pressure from a portion close to a spinning nozzle
immediately after filaments are spun, thereby
vibrating the filaments.

(2) An electric charge is applied to filaments to
apply an electric or magnetic field having an al-
ternately changing polarity, thersby vibrating the
filaments.

(3) A spinning nozzle is vibrated by a circular
motion or reciprocation, thereby vibrating filaments.

Filaments are preferably spread while vibrating
filaments have draft properties of twice or more.
Normally, draft properties (draft ratio) in spinning is
represented by:

(take-up rate)/(injection rate at spinning nozzle)
In this case, filaments injected from a spinning
nozzle are elongated in vibrating and spreading
steps, and this stretching ratio is defined as the
draft properties.

Spreading of filaments is preferably performed
such that a pair or more of fluid flows which are
substantially symmetrical about filaments are con-
tinuously supplied sideways on the filaments,
thereby scattering and spreading the filamenis io
be unidirectionally arranged. In particular, the fluid
flows are preferably continuously struck on the
filaments to scatter the filaments in a direction
perpendicular to a spray direction of the fluid flows.
Alternatively, the fluid flows are continuously
crossed (staggered) within a vibration range of the
filaments to scatter the filaments in a direction
parallel to the spray direction of the fluid flows.

If the filaments are streiched in an arranging
direction after they are unidirectionally arranged,
the strength of a non-woven fabric is further en-
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hanced.

When a non-woven fabric according to the
present invention is laminated on another base
material or another non-woven fabric, a non-woven
fabric having a large sirength can be obtained.
Especially when a non-woven fabric in which fila-
ments are arranged in a first direction and a non-
woven fabric in which filaments are arranged in a
second direction substantially perpendicular to the
first direction are laminated, the strength of a non-
woven fabric is further increased.

According to the method and apparatus of the
present invention, a one-way-oriented non-woven
fabric which conventionally has a very narrow sta-
bility range can be stably made to have a good
one-way orientation regardless of the type of poly-
mer. In addition, the method and apparatus of the
present invention can be applied to any of a wet-
spinning process. a dry-spinning process, and an
emulsion-spinning process. According to the
present invention, any spun filaments can be stably
turned or vibrated and scattered to be unidirec-
tionally arranged with a good orientation. Therefore,
filaments arranged in the longitudinal or transverse
direction can be easily made in any of the wet-,
dry-, and emulsion-spinning processes. The ob-
tained fibers can be united with a cross-arranged
non-woven fabric to make a non-woven fabric hav-
ing a high dimensional stability in both the longitu-
dinal and transverse directions. In addition, even a
molten polymer having a high viscosity can be
formed into filaments unidirectionally arranged well.
This polymer is most suitably used in making of a
non-woven fabric which is stretched in an arranging
direction of filaments to gain a large strength.

[Brief Description of Drawings]

Figs. 1A to 1C are schematic perspective views
showing outer appearances of non-woven fabrics
according to the present invention, in which fila-
ments are arranged in a transverse direction
(widthwise direction of a non-woven fabric);

Figs. 2A to 2C are schematic perspective views
showing outer appearances of non-woven fabrics
according to the present invention, in which fila-
ments are arranged in a longitudinal direction
(lengthwise direction of a non-woven fabric);

Figs. 3A to 3C are schematic perspective views
showing outer appearances of non-woven fabrics
according to the present invention, in which fila-
ments are obliquely arranged;

Fig. 4 is a schematic perspective view showing
an example of making a non-woven fabric accord-
ing to the present invention;

Fig. 5 is a schematic perspective view showing
another example of making a non-woven fabric
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according to the present invention;

Fig. 6 is a sectional view showing a pair of
grooved rolls of a non-woven fabric transverse-
stretching apparatus;

Fig. 7 is a flow diagram showing individual
steps according to an embodiment of a method of
making a non-woven fabric according to the
present invention;

Fig. 8 is a botiom view showing a practical
arrangement of a spinning nozzle for forming fila-
ments to be arranged in the transverse direction of
a non-woven fabric;

Fig. 9 is a schematic side sectional view show-
ing an apparatus, having the spinning nozzle shown
in Fig. 8, for making a non-woven fabric having
filaments arranged in the transverse direction;

Fig. 10 is a sectional view taken along a line V
- Vin Fig. 9;

Figs. 11A to 11D are side sectional views
showing practical arrangements of a spinning noz-
zle for vibrating filaments;

Figs. 12A to 12D are bottom views of spinning
nozzles showing arrangements of injection holes of
small amounts of fluid for vibrating spun filaments;

Figs. 13A and 13B are schematic views show-
ing the manner of forcing high-pressure fluid flows
on vibrating filaments to scatier and spread the
filaments;

Figs. 14A to 14C are schematic perspective
views showing practical arrangements of filaments
of a non-woven fabric obtained by cross-laminating
unidirectional non-woven fabrics;

Figs. 15A and 15B are plane and side views
showing a practical arrangement of a mechanism
for vibrating a nozzle;

Figs. 16A and 16B are plane and side views
showing a practical arrangement of a mechanism
for electromagnetically vibrating a nozzle; and

Fig. 17 is a schematic perspective view show-
ing the manner of laminating non-woven fabric hav-
ing a strength in the longitudinal direction and a
non-woven fabric having a strength in the trans-
verse direction.

[Best Mode of Carrying Out the Invention]

The present invention will be described in de-
tail below with reference to the accompanying
drawings.

Fig. 1A is a schematic perspective view show-
ing an outer appearance of a non-woven fabric
(unidirectional non-woven fabric) 10 according fo
the present invention in which filaments are ar-
ranged in the transverse direction. Referring to Fig.
1A, a direction indicated by an arrow 11 indicates
the longitudinal direction, and a direction indicated
by an arrow 12 indicates the transverse direction. A
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direction indicated by haiching indicates the ar-
ranging direction of the filaments. Note that in Figs.
1B and 1C, 2A to 2C, and 3A to 3C, the arrows 11
and 12 and hatching have the same meanings as
in Fig. 1A.

Fig. 1B shows a filament 13 by reducing the
density of an arrangement in order to explain the
filament arrangement shown in Fig. 1A. As shown
in Figs. 1B, the filament is collected to form an
ellipse having a very long major axis. As a result,
the filament is arranged in a major axis direction
(transverse direction). Actually, the filament 13 is
arranged more densely. The filament 13 may be a
plurality of filaments (as shown in, e.g., Figs. 11B,
11C, and 11D} which are spun from a plurality of
spinning nozzles of a single nozzle and vibrated
and spread by a single-nozzle vibrating/spreading
apparatus. For illustrative simplicity, however, only
one filament is shown in Fig. 1B. In addition, al-
though the filament is regularly arranged in Fig. 1B,
it is sometimes scattered more irregularly. This is
the same in Figs. 2B and 3B.

The unidirectional non-woven fabric 10 shown
in Figs. 1A and 1B has a filament-laid layer in
which one continuous filament (or a plurality of
filaments) 13 obtained by spinning a polymeric
material is arranged in substantially the transverse
direction.

Fig. 1C shows a unidirectional non-woven fab-
ric 17 in which three arrays 14 to 16 in each of
which a filament is arranged in the transverse di-
rection are arranged in parallel with each other.

Fig. 2A is a schematic perspective view show-
ing a unidirectional non-woven fabric 20 according
to the present invention in which a filament is
arranged in the longitudinal direction.

Fig. 2B shows a filament 23 by reducing the
density of an arrangement in order to explain the
filament arrangement shown in Fig. 2A. Actually,
the filament 23 is arranged more densely. The
unidirectional non-woven fabric shown in Figs. 2A
and 2B has a filament-laid layer in which one
continuous filament (or a plurality of filaments) 23
obtained by spinning a polymeric material is ar-
ranged in substantially the longitudinal direction.

Fig. 2C shows a unidirectional non-woven fab-
ric 29 in which five arrays 24 to 28 in each of
which a filament is arranged in the longitudinal
direction are arranged in parallel with each other.

Fig. 3A is a schematic perspective view show-
ing a unidirectional non-woven fabric 30 according
to the present invention in which a filament is
obliquely arranged.

Fig. 3B shows a filament 33 by reducing the
density of an arrangement in order to explain the
filament arrangement shown in Fig. 3A. Actually.
the filament 33 is arranged more densely. The
unidirectional non-woven fabric 30 shown in Figs.
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3A and 3B has filament-laid layer in which one
continuous filament (or a plurality of filaments) 33
obtained by spinning a polymeric material is sub-
stantially obliquely arranged.

Fig. 3C shows a unidirectional non-woven fab-
ric 37 in which three arrays 34 to 36 in each of
which a filament is obliquely arranged are arranged
in parallel with each other.

In each of the unidirectional non-woven fabrics
shown in Figs. 1A to 3G, one or more continuous
filaments are substantially unidirectionally arranged.
Therefore, the strength in the arranging direction is
larger than those of conventional non-woven fab-
rics.

Fig. 4 shows an example of making a non-
woven fabric according to the present invention.

Spinning of filaments will be described first. A
fiber-forming polymer 118 is dissolved in a solvent
in a dissolving pot 117. This polymer 118 is sup-
plied to each nozzie 102 through a conduit 101 at a
predetermined pressure by a gear pump 119. The
nozzle 102 has a large number of spinning nozzles.
The polymer 118 is extruded as a muitifilament
from the nozzle 102. An extruded filament 103 is
spun into a coaguiating solution 106 supplied from
a corresponding inlet port 104 into a corresponding
funnel-shaped coagulating bath 105.

A mechanism for vibrating a filament will be
described below. A root 107 as a lower linear
portion of each funnel 107 is flexible. This linear
portion 107 is vibrated by a vibrator 121 (V) in the
transverse direction. In Fig. 4, the X, Y, and Z axes
are set such that the line (longitudinal) direction
corresponds to the X axis, the transverse direction
corresponds to the Y axis, and the vertical direction
corresponds to the Z axis. Upon vibration of the
linear portion 107, the spun multifilament 108 is
vibrated in zigzag in the Y direction.

A mechanism for amplifying vibration of a fila-
ment will be described. High-pressure fluid flows
110 and 110" are applied on the muliifilament 108
vibrated in zigzag. The high-pressure fluid flows
110 and 110" are supplied from a fluid supply
device 122. Although similar fluid flows are sup-
plied to other conduits, they are not shown for
illustrative simplicity. The high-pressure fluid flows
110 and 110" are sprayed from conduits 109 and
109" in opposite directions along the X axis. The
high-pressure fluid flows 110 and 110" are sprayed
toward the center of the width of a zigzag formed
by the zigzagging filament 108. The high-pressure
fluid flows 110 and 110' strike against each other at
the center of the width of the zigzag of the filament
108. The fluid flows 110 and 110" may be a coagu-
lating solution 106 or another type of coaguiating
solution. Alternatively, the fluid flows 110 and 110’
may be high-pressure air streams.

By an impact of the struck fluid flows 110 and
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110', the zigzag width is increased in the Y direc-
tion to form the filament into a filament group 111,
and the filament group 111 is collected on a net
112.

Fig. 4 shows two more sets of devices for
vibrating a spun filament in zigzag in the transverse
direction. Although a larger number of sets are
installed in both the transverse direction (Y direc-
tion) and the longitudinal direction (machine direc-
tion, i.e., the X direction) in an actual apparatus,
they are omitted from Fig. 4 for illustrative simplic-
ity.

A step of arranging a filament will be described
below.

The net 112 is formed cylindrically and rotated
by a driving means 123 (M). Most of the coagulat-
ing solution 108 and the fluid flows 110 and 110’
are separated from the filament through the cylin-
drical net 112. A vaccum suction means may be
disposed inside the cylindrical net 112 to improve
separation of the coagulating solution.

An endless conveyor belt 113 is disposed in
almost contact with the lower portion of the cylin-
drical net 112. The conveyor belt 113 is driven to
be circulated by a driving means 124. A stage
means for arranging a filament into a sheet is
constituted by the cylindrical net 112, the conveyor
belt 113, and the like. When the cylindrical net 112
and the conveyor belt 113 are driven the driving
means 123 and 124, the stage means is moved
relative to the mechanism for spinning a filament.

Reference numeral 114 denoies a web in
which fibers are mainly arranged in the longitudinal
direction and which has a strength in the longitudi-
nal direction. The web 114 is guided into and
conveyed by the conveyor belt 113. The web 114
is laminated with the collected filament group 111
under the cylindrical net 112. The laminated web is
conveyed to a nip roll 115 and formed into a
laminated non-woven fabric 116. Reference numer-
al 125 denotes a driving means for driving the nip
roll 115.

Referring to Fig. 4, the web arranged in the
transverse direction is roughly illustrated so that
the arranging direction of the filaments is clearly
shown. Actually, however, the filaments are ar-
ranged more densely.

The laminated non-woven fabric 116 has a
filament layer which is spirally collected so that the
filaments are arranged substantially along a shape
in which an ellipse having an elongated major axis
is gradually shifted in a plane.

Although the laminated non-woven fabric 16
can be directly used as a product. coagulation or
scouring may be performed as needed. In addition,
an adhesion or bonding treatment may be per-
formed in order to strengthen adhesion between
the fibers or webs before the non-woven fabric is
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used as a product.

Fig. 5 shows another example of making non-
woven fabric according to the present invention.
Referring to Fig. 5, a polymer 217 is melied and
kneaded by an extruder 218. The polymer 217 is
guided to a spinning nozzle through a flexible con-
duit 219. The conduit 219 is circularly vibrated by a
vibrating means 241 (V). Therefore, a spinning noz-
zle 220 is also circularly moved. By this circular
motion of the spinning nozzle 220, a filament 221
spun from the spinning nozzle moves downward
while it is spirally turned (vibrated).

A pair of high-pressure air streams 223 and
223" are sprayed from pipes 222 and 222" in the Y
direction of the x, Y, and Z axes shown in Fig. 5.
The air is supplied from a supply means 242. The
pair of high-pressure air streams 223 and 223" are
sprayed to cross (pass) each other at shifted inter-
sections close to the central axis of the spiral orbit
(as will be described in detail later with reference
to Fig. 13B). The filament spirally moved downward
is widened in the transverse direction (Y direction)
by the crossed air streams. Therefore, the filament
is collected on a conveyor beit 225 as a filament
web 224 which is arranged in substantially the
transverse direction.

The conveyor belt 225 is driven by a driving
means 243 (M). The conveyor belt 225 conveys
the ftransversely arranged web to a stretching
means. A conduit 226 for spraying an adhesive 227
is disposed at a position shifted from the conveyor
belt 225. The adhesive 227 is sprayed to the
transversely arranged web at this position. As a
result, a bonding strength at bonded portions be-
tween fibers in the web is enhanced, and a web
228 is conveyed to a stretching step.

Two pulleys 229 and 229' are disposed to be
widened toward the end in the stretching means.
The pulleys 229 and 229" are driven the driving
means 244 (M). Two ends of the web 228 are held
by the pulleys 229 and 229' and belts 230 and
230'. The web 228 is stretched in the transverse
direction by the two pulleys 229 and 229" disposed
to be widened toward the end. A heating medium
(normally a hot wind) is filled in a stretching cham-
ber 231. When the web 228 must be uniformly
heated, the heating medium is sprayed through the
web.

In this manner, a transversely streiched web
232 is made.

Although the transversely stretched web can
be directly used as a product, it may be laminated
and bonded to a longitudinally oriented web in
another step to make a cross-laminated non-woven
fabric having a strength in both the longitudinal and
transverse directions.

Fig. 6 shows another example of a siretching
means for stretching a web in the transverse direc-
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tion. Referring to Fig. 6, a web 234 is stretched in
the transverse direction between grooved rolls 233
and 233'. When such grooved rolls are to be used,
a plurality of pairs of grooved rolls are preferably
disposed.

Although a method of stretching a web in the
transverse direction is shown in each of Figs. 4 and
5, the spraying direction of the high-pressure air
streams 223 and 223' may be changed through
90° to make a longitudinally arranged web. The
strength of a longitudinally arranged web can be
further increased by stretching the web between
rolls or by a rolling means.

Fig. 7 is a flow diagram showing individual
processes according to an embodiment of a meth-
od of making a non-woven fabric of the present
invention. In Fig. 7, rectangle blocks denote materi-
als, and elliptical blocks denote means or process-
ing.

Referring to Fig. 7, step | is a spinning pro-
cess. In the spinning process, a dissolved or melt-
ed polymer is supplied under pressure to a spin-
ning nozzle by an extruder or a gear pump and
spun into a filament by the spinning nozzle. In this
process, any of a melt spinning process, a dry
spinning process using a molten spun yarn and a
solvent, a wet spinning process using a coagulating
bath, and an emulsion spinning process as a spe-
cial spinning method can be used.

Step Il is a vibrating process of vibrating the
spun filament in zigzag or spirally. In this process,
the filament is vibrated by various types of meth-
ods to be described later with reference to Fig. 11.
An amplitude of the vibration is several millimeters
o several tens millimeters.

Step Il is a spreading process of amplifying
the vibration of the vibrated filament to spread the
filament into a width of several hundred millimeters.
As shown in Fig. 11A or 11B, spreading of a
filament can be performed by a method of striking
or crossing high-pressure fluid flows.

Step IV is a sheet formation process. In the
sheet formation process, a filament spread in a
predetermined direction by the spreading process
is continuously collected to form a sheet. As a
result, the filament is made into a unidirectional
non-woven fabric «. This unidirectional non-woven
fabric « can be singly used as a product.

Step V is a stretching process. In the siretching
process, the unidirectional non-woven fabric « is
uniaxially stretched in the arranging direction. If a
strength is insufficient by only spinning, a stronger
product can be obtained via this stretching pro-
cess.

Step VI is a laminating/bonding process. In the
laminating/bonding process, the unidirectional non-
woven fabric « and a unidirectional non-woven fab-
ric 8 having different arranging directions are
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cross-laminated/bonded. As a result, various types
of cross-laminated non-woven fabric as shown in
Fig. 14 to be described later. If the strength of a
non-woven fabric is insufficient by only spinning, a
cross-laminated non-woven fabric having a suffi-
cient strength can be obtained by only
laminating/bonding. If a strength is insufficient by
only spinning, the unidirectional non-woven fabric «
and/or unidirectional non-woven fabric 8 are
stretched in step V and then laminated/bonded. As
a result, a stronger product can be obtained.

Step V' is a biaxial stretching process. The
biaxial stretching process is another method of
performing stretching to obtain a strong non-woven
fabric. In the biaxial stretching process, the un-
idirectional non-woven fabrics « and g are
laminated/bonded and then biaxially stretched.

Formation of an un-oriented filament performed
by an apparatus for vibrating a filament by a small
amount of air will be described with reference to
Figs. 8 to 10.

A spinning apparatus comprises a nozzle plate
or a spinneret having at its central portion a spin-
ning nozzle 308 for extruding a polymeric material
to be spun downward to form a filament 309, and a
plurality of (six in Figs. 8 to 10) oblique first air
holes 310-1 to 310-6. The air holes 310-1 to 310-6
are disposed circumferentially around the spinning
nozzile 308 at equal angular intervals to spray air
against the filament 309, thereby spirally moving
and extruding the filament 309 into a downward
spread conical shape.

The spinning apparatus has a pair of diamet-
rically opposite second air holes 311 for horizon-
tally spraying air. The air holes 311 are disposed at
opposite sides of the spinning nozzle 308 and
below the first air holes 310-1 to 310-6. The sec-
ond air holes 311 spray air streams in opposite
directions paralle! to the direction of movement of a
screen mesh 312. As a result, the air streams strike
directly below the spinning nozzle 308. The two air
streams thus struck spirally moves the filament
309, and the filament 309 is spread outward in a
direction (iransverse direction) perpendicular to the
direction of movement of a web of a non-woven
fabric 313. In this manner, the filament 309 is
arranged on the screen mesh 312.

The oblique first air holes 310-1 to 310-6 of the
spinneret extend tangentially to the spinning nozzle
308 as shown in Fig. 8 and also extend obliquely at
an angle with respect to the central axis of the
spinning nozzle 308 as shown in Fig. 9. With this
arrangement, air blown-off from the respective air
holes 310-1 to 310-6 substantially converge at a
region spaced downwardly from the spinning noz-
zle 308 by a distance of several centimeters to ten
centimeters or more. The sireams of air thus con-
verged cause the spiral movement of the filament 9
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as described above. The filament 309 deposited on
the screen mesh 312 is mainly arranged in the
widthwise direction of the non-woven fabric 313. In
this manner, the sirength of the non-woven fabric
313 is enhanced especially in its widthwise direc-
tion.

Alternatively, the first air holes 310-1 to 310-6
may be arranged linearly in the vicinity of the
spinning nozzle 308 on condition that air blown-off
from the air holes 310-1 to 310-6 strikes the fila-
ment 309 to thereby cause the same to be spread
to some extent before the filament 309 is widely
spread by the air blown-off from the second air
holes 311. The non-woven fabric 313 produced by
the spinning apparatus with a single spinneret has
a width of about 100 to 300 mm. A non-woven
fabric having a width more than 300 mm can be
produced by a spinning apparatus having a plural-
ity of transversely arranged spinnerets. Further-
more, it is possible to produce a dense non-woven
fabric at a high speed by utilizing a spinning ap-
paratus in which a plurality of spinnerets are ar-
ranged in the lengthwise direction of the non-woven
fabric.

If this spinning is melt spinning, the air blown-
off from the first air holes 310-1 to 310-6 and the
air blown-off from the second air holes 311 are
heated at a temperature higher than the melting
temperature of a polymeric material used for the
formation of the filament 309. Heating of either one
of the air supplied from the first air holes 310-1 fo
310-6 and the air supplied from the second air
holes 311 may be omitted depending on the kind
of the polymeric material used. With the use of the
hot air, the filament 309 while being formed does
not undergo substantial molecular orientation.

The spinneret described above can be used for
the formation of a non-woven-fabric composed of
un-oriented filaments arranged substantially in the
lengthwise direction of the fabric. In this instance,
the spinneret is turned about the central axis of the
spinning nozzle 308 through an angle of 90° from
the position shown in Fig. 8 to a position in which
the second air holes 311 extend perpendicularly to
the direction of movement of the non-woven fabric
while being produced. The thus formed non-woven
fabric has a sirength in especially its lengthwise
direction.

A method or means for vibrating a spun fila-
ment will be described in detail below.

A spun filament must be spirally turned or
reciprocated (to be referred to as vibrated
hereinafter for simplicity) in zigzag with an am-
plitude of several to several tens millimeters, and
preferably, five to 50 millimeters at a period of
several tens to several hundreds times/min., and
preferably, 300 times/min. or more. In order to
vibrate a filament, (1) a fluid is applied to a portion
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close to a spinning nozzle, (2) an electric or mag-
netic field is used, or (3) a spinning nozzle itself is
vibrated.

According to the method of vibrating a sinning
nozzle, vibration can be stably obtained regardless
of the type or viscosity of polymer. In order to
vibrate a spinning nozzle, the spinning nozzle may
be circularly moved (although a circular motion is
representatively described in the appended claims,
this motion includes an elliptic motion) to spirally
move a spun filament or linearly reciprocated.
Since it is experimentally found that no vibration
effect is obtained if the amplitude of vibration of a
spinning nozzie is 1 mm or less, the amplitude is
preferably 56 mm or more. in addition, it is found
that if the amplitude is as wide as 300 mm or
more, the uniformity of scattering cannot be main-
tained. Therefore, the amplitude is preferably 50
mm or less. If the period of vibration is 60
times/min. or less, productivity of a non-woven
fabric is poor, and coliection of scatiered filaments
is insufficient. In order to form a non-woven fabric,
therefore, a spinning nozzle must be vibrated at a
period of 300 times/min. or more. More preferably,
a spinning nozzle is turned or reciprocated at a
period of 30 times/sec. (1,800 times/min.) or more.
When a spinning nozzle was turned or reciprocated
at a period of 30 times/sec. or more, subsequent
scattering was stable.

In order to vibrate a spinning nozzle, a high-
speed alternating current may be applied to an
electromagnet, a current may be turned on/off, or N
and 8 poles may be converted by an electromag-
net, thereby alternately applying its attraction and
repuision forces. In such an electromagnetic meth-
od, an amplitude is preferably increased by using a
link or a lever. As a mechanical method, a method
of circularly moving a nozzle eccentrically sup-
ported on a high-speed rotary disc, a method of
converting a rotary motion into a linear motion by
using a cam or a crank, and a method of am-
plifying a circular motion or giving an elliptic mo-
tion by using a cam or a link are available. Com-
mercially available electric vibrators or air-driven
vibrators can be used if their amplitudes are am-
plified.

If a polymer is dissolved in a solvent or dis-
persed in the form of an emulsion in a solution and
is spun, a fluid for vibrating or scattering a filament
need not be heated. In addition, if a spinning noz-
zle itself is vibrated, a fluid for scattering a filament
need not be heated. That is, as such a fluid, not
only a heated gas but also a non-heated gas, a
liquid or vapor, or a gas containing a liquid can be
used. Furthermore, in order to increase the force of
the fluid flows, a fine powder of a heavy or adhe-
sive solid body may be mixed. These fluid flows
may be a fluid for not only vibrating or scattering a
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filament but also assisting coagulation or adhesion
of the filament.

As a method of vibrating a spun filament, the
method of applying a fiuid to a portion close to a
spinning nozzle and the method of vibrating a
spinning nozzle itself have been described. As an-
other method, an electric or magnetic field may be
used to change the polarity of the field, thereby
giving vibration. For example, a high voltage is
applied on a spun filament, and magnetic fields of
N and S poles are alternately applied at a high
speed to the charged filament, thereby vibrating
the spun filament. In this method, a positive or
negative electric field can be used. This method is
suitably used especially when a plurality of fila-
ments are to be spun from a spinning nozzle since
the spun filaments are not united but separated
well. The above various types of methods using air,
vibration of a spinning nozzle, and an electric
charge may be used in combination of two or more
thereof.

A filament to be spun may be a single filament
like a monofilament or a plurality of filaments like a
multifilament. When a plurality of muliifilament-like
filaments are simultaneously vibraied and scat-
tered, productivity can be improved. Alternatively, a
filament may be sprayed together with a gas from
a spinning nozzle and the sprayed filament may be
vibrated and scattered, as in a melt blowing meth-
od of a non-woven fabric.

Figs. 11A to 11D are sectional views each
showing a spinning nozzle for explaining a typical
example of a method of vibrating a spun filament in
step Il shown in Fig. 7.

Fig. 11A shows a method of spraying a small
fluid flow 331 (mostly air stream) from a portion
close to a spinning nozzle 332 to cause vibration. A
polymer 334 is spun from the spinning nozzle 332.
As shown in Fig. 11A, a filament 335 is spirally
vibrated by an action of the fluid flow sprayed as
indicated by an arrow 333. Fig. 12 shows various
types of such a nozzle.

Fig. 11B shows a method of applying a mag-
netic field to vibrate a filament. A polymer 341 is
spun from a spinning nozzle 342. The spun fila-
ment is charged by a high voltage E applied from
an electrode 343. This filament is passed through a
magnetic field in which N and S poles are al-
ternated at a high speed. This magnetic field is
generated by supplying an alternating current from
a power source 344 to electromagnets 345 and
346. As a result, a filament 347 is vibrated (moved)
in zigzag. Alternatively, the filament can be spirally
vibrated by rotating the magnetic field at a high
speed.

The nozzle is fixed in each of Figs. 11A and
11B.

Figs. 11C and 11D show methods of moving a
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nozzle by a vibration source V.

Fig. 11C shows a method of circularly moving
a nozzle 351 to spirally vibrating a spun filament
353. Referring to Fig. 11C, reference numeral 352
denotes a polymer; and 354, a vibrating means. A
means as shown in Fig. 15 or 16 (to be described
later) can be used as the vibrating means 354.

Fig. 11D shows a method of linearly vibrating a
nozzle 361 to vibrate a filament 363 in zigzag.
Referring to Fig. 11D, reference numeral 362 de-
notes a polymer; and 364, a vibrating means. A
means as shown in Fig. 15 or 16 can be used as
the vibrating means 364.

A nozzle need not be circularly or linearly
vibrated but can be elliptically or polygonally
vibrated. Although each of the above drawings
shows a method of linearly vibrating a filament
spun from a spinning hole (spinning nozzle), a
filament may be slightly coagulated while it still has
drafting properties as shown in Fig. 4 and then
subjected to the above processing. )

Figs. 12A to 12D show practical arrangements
of spray holes for spraying small amounts of fluid
flows for vibrating a spun filament. These drawings
are bottom views in each of which a spinning
nozzle is viewed from below. Referring to Figs. 12A
to 12D, reference numeral 435 denotes a lower
plate of a spinning apparatus; and 436, a spinning
nozzle.

Fig. 12A shows an arrangement in which fluid
spray holes 437-1, 437-2, .., 437-6 are linearly
arranged around the spinning nozzle 436.

Fig. 12B shows an arrangement in which fluid
spray holes 438-1, 438-2, ..., 438-6 are circularly
arranged around the spinning nozzle 436. This fluid
may be a coagulating solution to be sprayed to-
gether with a spinning solution from the spinning
nozzle 436. In addition, the fluid spray holes are
preferably opened with an angle with respect to the
spinning direction of a filament.

Figs. 12C and 12D show arrangemenis in
which the spinning nozzles 436 are not circular.
That is, the spinning nozzle is star-shaped in Fig.
12C and elliptic in Fig. 12D.

A process of scattering and spreading a fila-
ment will be described below.

A vibrating filament to be spread is not com-
pletely coagulated. In a spreading process, twice or
more of drafting properties preferably remain. A
filament which is completely coagulated to lose its
drafting properties cannot be sufficiently spread nor
arranged well in the spreading process. When a
filament has preferably 10 times or more, and more
preferably, 100 times or more of drafting prop-
erfies, a spreading width of the scattered filament
is large and a degree and uniformity of its arrange-
ment are good. When a solution-type spinning lig-
uid (obtained by dissolving a polymer in a solvent
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or dispersed in the form of emulsion in a solution)
is to be used, a filament may be passed through a
coagulating bath immediately after it is spun and
vibrated at an outlet of the coagulating bath. In this
case, since drafting properties are lost if coagula-
tion is completely finished, the spreading step must
be started while a filament has at least twice or
more of drafting properties.

The cross-section of a filament may be formed
into an elliptic or modified cross-section different
from a true circle so as to easily receive an effect
of a fluid. For this purpose, a spinning nozzle is
preferably formed to have a rectangular, elliptic, or
modified cross-section different from a true circle
(e.g., as shown in Figs. 12C and 12D). In this
manner, when the cross-section of a filament is
formed into a shape different oifset from a true
circle, the filament can be scattered to be spread
and arranged well with even a small amount of a
low-pressure fluid.

Two methods of forcing a fluid to scatter a
vibrating filament will be described below. In one
method, at least a pair of fluid flows substantially
symmetrical about the center of a vibrating filament
are continuously struck sideways against each oth-
er on the filament, thereby scatting the filament in
a direction perpendicular to the spraying direction
of the fluid flows. In the other method, at least a
pair of fluid flows substantially symmetrical about
the center of a filament are continuously crossed
sideways each other within a vibration range of the
filament, thereby scattering the filament in a direc-
tion substantially parallel to the spraying direction
of the fluid flows.

Note that in a method disclosed in Japanese
Patent Laid-Open No. Sho 45-10779, a line speed
cannot be increased because right and left fluid
flows are alternately, intermittently sprayed. In the
present invention, however, a line speed can be
increased since the fluid flows are continuously
sprayed. In these two methods, generating sources
of the fluid flows to be scattered need not be one
pair but may be two or three pairs with respect to
one spinning nozzle to increase an efficiency.

Figs. 13A and 13B show methods of forcing
high-pressure fluid flows for scattering and spread-
ing a vibrating filament in step Ill shown in Fig. 7.

Referring to Fig. 13A, a filament 439 moves
parallel to the Y axis while vibrating in zigzag, and
fluid flows are applied on the filament in a direction
(X direction) perpendicular to the vibration direction
(vibration plane). A pair of symmetrically sprayed
fluid streams 440a and 440b are struck against
each other at a position P shown in Fig. 13A. When
the struck fluid flows are scattered in the Y direc-
tion. the filament is scattered sideways in the Y
direction together with the fluid flows, thereby for-
ming a filament group 441 arranged parallel to the
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Y axis.

Referring to Fig. 13B, a pair of sprayed fluid
streams 443a and 443b are sprayed against a
filament 442 vibrating in zigzag parallel to the Y
axis. Unlike in the method shown in Fig. 13A, the
sprayed streams 443a and 443b are not siruck
against each other but crossed (passed by) each
other at different points Q and R on the vibrating
filament. Therefore, a fluid flow striking against the
filament can move forward without being much
disturbed by the other fluid flow sprayed from a
symmetrical position. The filament is scattered by
the fluid flows to form a filament group 444 which
is arranged and scattered in substantially the X
direction.

In each of Figs. 13A and 13B, the filament can
be arranged in any direction in accordance with a
relative positional relationship between the moving
direction of a conveyor disposed below to collect
the filament or a non-woven fabric and a direction
of forcing the scattering fluid. Although the fila-
ments 439 and 442 are vibrated in the fransverse
direction in Figs. 13A and 13B, they may be
moved while being spirally turned.

In many cases, a non-woven fabric according
to the present invention is preferably stretched (or
rolled) in the arranging direction of a filament. Con-
ventional methods can be used as the stretching
(or rolling) method. Since the non-woven fabric
according to the present invention has good thick-
ness uniformity and a high degree of orientation of
a filament and hardly produces a grain or mass, it
is suitable for especially streiching. In addition, a
cross-laminated non-woven fabric can be made by
laminating a non-woven fabric made in accordance
with the present invention and a non-woven fabric
arranged in a direction substantially perpendicular
to the arranging direction of the non-woven fabric
according to the present invention and biaxially
stretching the laminated non-woven fabric in the
arranging directions of the filaments of the both. in
this case, biaxial stretching may be either sequen-
tial or simultaneous biaxial stretching. In addition,
regardless of whether uniaxial or biaxial stretching
is to be performed, a sirength can be effectively
increased by strefching when a non-woven fabric is
slightly adhered or bonded before it is stretched. In
order to produce a strong non-woven fabric, fila-
ments are preferably bonded by adhesion or me-
chanical bonding after stretching.

Although the non-woven fabric according fo the
present invention can be singly used as a product,
it is generally used as a cross-laminated non-wov-
en fabric in which it is united with a non-woven
fabric or a fiber material web (e.g., a web in which
yarns or stretching tapes are arranged at predeter-
mined intervals (pitches), a web obtained by widen-
ing (spreading) a tow, or a carded web of spinning)
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arranged in a direction perpendicular to its arrang-
ing direction.

A uniting process can be performed in either a
non-woven fabric manufacture line or another line.
Non-woven fabrics composed of similarly produced
materials and arranged in the longitudinal and
transverse directions by changing the spraying di-
rection of fluid flows may be united. In addition,
obliquely arranged non-woven fabrics may be unit-
ed so that their arranging directions are crossed
each other. In this case, the non-woven fabrics may
be crossed not only at an angle of exactly 90° but
also at an angle of 30" to 150" . A longitudinally or
transversely arranged material may be united with
an obliquely arranged material to form a triaxial or
tetraaxial non-woven fabric.

In addition, not only materials similarly pro-
duced but arranged in different directions but also
entirely different materials or materials similar to
each other but produced by entirely different pro-
cesses may be united. A material to be united is
preferably arranged in a direction perpendicular to
the arranging direction of filaments of a non-woven
fabric of the present invention in order to obtain a
good balance in physical properties. United materi-
als may be bonded by using an adhesive in the
form of a powder or emulsion or performing me-
chanical bonding such as needle punching.

Since a non-woven fabric of the present inven-
tion has a very fine denier, if fabrics are united in a
non-woven fabric manufacture line, they can be
bonded by interengagements between fine fila-
ments without using any adhesive.

In addition, in the manufacture of a non-woven
fabric of the present invention, filaments having
adhesion properties can be spun from a large
number of spinning nozzles so that an adhesive is
contained in the non-woven fabric itself. In this
case, the obtained non-woven fabric can be bon-
ded to another material by only heating. If adhesion
between sheet-like filaments can be improved upon
application of a pressure on the filaments, a boding
strength between fibers can be effectively in-
creased by using an embossing roll or the like.
Furthermore, when a solution-type spinning liquid
is used, if filaments are not completely coagulated
and therefore still have self-adhesion properties
after they are scattered and collected as unidirec-
tionally arranged filaments, they are adhered to
each other by utilizing the adhesion properties.

According to the method of the present inven-
tion, filaments can be arranged in the fransverse
direction, and an arrangement of yarns running in
the longitudinal direction can be fixed by the trans-
versely arranged filaments. In this case, the fila-
ments are preferably composed of an adhesive
polymer. A web in which an arrangement of run-
ning yarns is fixed as described above can be
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used as a weft web of a cross-laminating machine
as disclosed in Japanese Patent Publication No.
Sho. 53-38783.

Examples of the material of a non-woven fabric
according to the present invention are a polyolefin
such as HDPE or PP, a thermoplastic polymer
such as a polyester, a polyamide, polyvinyl chlo-
ride, polyacrylonitrile, polyvinylalcohol, or polyure-
thane, glass. a pitch, an adhesive polymer, solu-
tions obtained by dissolving these materials in a
solvent, and emulsions obtained by dispersing
these materials together with a surface active agent
in a dispersion. In addition, a material obtained by
dissolving a cellulose-based polymer which is dif-
ficult to be melt-spun in a solvent can be particu-
larly effectively used. What is important in these
polymers is that filaments made from the polymers
still have thread-forming property upon stretching
and scaftering and can be drafted several tens
times to several thousands times.

Figs. 14A to 14C show practical arrangements
of filamenis of cross-laminated non-woven fabrics
produced by cross-laminating unidirectionally ar-
ranged non-woven fabrics in step VI shown in Fig.
7. Referring to Figs. 14A to 14C, the direction
indicated by an arrow 461 is the longitudinal direc-
tion, and filaments are arranged and oriented in the
direction of hatching. For better understanding of
the structure, an upper layer is partially removed.

Fig. 14A shows an arrangement of a longitudi-
nally arranged filament layer 471 and a transverse-
ly arranged filament layer 472. The filaments in
both the directions are arranged by the method of
the present invention. Fig. 17 shows the structure
of lamination. Referring to Fig. 17, the filament
layer 471 having a strength in the longitudinal
direction and the filament layer 472 having a
strength in the transverse direction are laminated.

Fig. 14B shows a structure in which a frans-
versely arranged filament 473 according to the
method of the present invention is laminated on a
layer 474 in which conventional yarns are arranged
in the longitudinal direction at a predetermined
pitch. Although not shown in Fig. 14B, another yarn
layer may be laminated on this structure.

Fig. 14C shows a structure in which an ob-
liquely arranged filament layer 475 according to the
present invention is laminated on a layer 476 in
which filaments are arranged in another oblique
direction perpendicular to the oblique direction of
the layer 475. When filaments are obliquely ar-
ranged as shown in Fig. 14C, ancther non-woven
fabric or fiber web in which filaments are arranged
in the longitudinal or transverse direction can be
laminated thereon to form a triaxial or tetraaxial
non-woven fabric.

Fig. 15 shows a practical arrangement of a
vibrating means, in which Fig. 15A is a plane view
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and Fig. 15B is a side view. Referring to Figs. 15A
and 15B, a high-speed motor 501 rotates a crank
arm 503 disposed on a rotary shaft 502. The crank
503 circularly moves a pin 505 disposed thereon
as indicated by an alternate long and short dashed
line shown in Fig. 15A. One end of a connecting
rod 504 is so set as to allow the crank to freely
rotate by the pin 505. The other end of the con-
necting rod 504 is fixed to a flexible nozzle 507
through a wall 506. Upon rotation of the motor shaft
502, the connecting rod 504 is reciprocated to
vibrate the nozzle 507 as indicated by an arrow
511 shown in Figs. 15A and 15B. A melied or
dissolved polymer 508 is injected from a spinning
nozzie 509 at the distal end of the nozzle 507. An
injected filament 510 is vibrated by vibration of the
nozzle 507.

Although linear vibration is exemplified in the
above arrangement, the crank can be moved about
the guide wall 506 to circularly or elliptically move
the nozzle 507.

Fig. 16 shows another practical arrangement of
a vibrating means, in which Fig. 16A is a plane
view and Fig. 16B is a side view. Referring to Figs.
16A and 16B, a power source 601 supplies an
alternating current to a solenoid 602. A connecting
rod 604 is supported by a support wall 606, and a
movable iron core (vibrating member) 603 is dis-
posed at one end of the connecting rod 604. The
other end of the connecting rod 604 is fixed to a
flexible nozzle 607 through the support wall 606.
When an alternating current is supplied to the
solenoid 602, an alternating magnetic field is gen-
erated to reciprocate the movable iron core 603. As
a result, the connecting rod 604 is reciprocated to
vibrate the nozzle 607 as indicated by an arrow
611 shown in Figs. 16A and 16B. A melied or
dissolved polymer 608 is injected from a spinning
nozzle 609 at the distal end of the nozzle 607. An
injected filament 610 is vibrated by vibration of the
nozzle 607.

Examples of a non-woven fabric according to
the present invention made by using a manufactur-
ing method (or a manufacturing apparatus) of the
present invention will be described in detail below.

Example 1

A polyethyieneterephthalate pellet having a lim-
it viscosity n of 0.72 was melted and extruded at
260° C by an exiruder and guided to a spinning
nozzle through a flexible conduit by the methed
shown in Fig. 2. The spinning nozzle was circularly
moved at a period of 2,400 times/min. for a width
of 35 mm. A spun filament was spirally moved
downward at the same period as that of the spin-
ning nozzle for a width of 22 mm. A pair of air
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streams heated up to 300° C were sprayed in the Y
direction shown in Fig. 1 from positions substan-
tially symmetrical about the center of the spirally
moving filament so as to be crossed each other as
shown in Fig. 13B.

By a scattering force of the crossed air
streams, the filament was arranged in the trans-
verse direction with respect to the direction of
movement of a conveyor belt arranged in the Y
direction and having a width of about 350 mm and
was collected on the conveyor belt moving below
at a speed of 40 m/min. The filament was coated
with an acrylic emulsion adhesive on the conveyor
belt and guided to a puiley-like transverse stretch-
ing means.

The pulley diameter of the transverse siretch-
ing means was 1,200 mm. A hot wind at a tem-
perature of 180° C was circulated for heating, and
the filament was stretched by 2.8 times in the
transverse direction after the adhesive was dried in
a preheating process. A non-woven fabric manufac-
tured by a conventional non-woven fabric manufac-
turing apparatus and stretched by 3.2 times in the
longitudinal direction was laminated on the above
transversely stretched non-woven fabric. An acrylic
emulsion adhesive was impregnated in the resul-
tant non-woven fabric and cylinder-dried, thereby
obtaining a crosslaminated non-woven fabric having
a width of about 1,000 mm.

The produced non-woven fabric had a unit
weight of 35 g/m?, a strength of 27.2 kg/width of 5
cm and a stretching ratio of 22% in the longitudinal
direction, and a strength of 24.1 kg/width of 5 cm
width and a stretching ratio of 25% in the trans-
verse direction. That is, this non-woven fabric had a
strength in both the longitudinal and transverse
directions, and the strength was three to four times
as greater as that of a conventional polyester
random-laid non-woven fabric.

Example 2

A cuprammonium solution (concentration =
8%) of a linter pulp was used to make a non-woven
fabric as shown in Fig. 4. This solution was spun
from a spinning nozzle and flowed together with
water to a funnel. As a result, the resultant material
was slightly coagulated and stretched. While draft-
ing properties of 20 times or more were left, the
distal end of an outlet of the funnel was horizontally
vibrated with an amplitude of about 10 mm at a
period of 800 times/min. An obtained filament was
vibrated with an amplitude of 30 mm by a force of
the water, and a pair of water sireams were verti-
cally sprayed (by the method shown in Fig. 13A) to
strike against the filament. The filament was ar-
ranged in the transverse direction by a force of the
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transversely scattering water and collected on a
moving conveyor belt.

The collected filament was not completely co-
agulated yet. This filament was laminated on a
cellulose non-woven fabric (arranged in the longitu-
dinal direction) produced in a previous step by a
conventional cuprammonium process and con-
veyed by a conveyor, and the laminated non-wov-
en fabrics were simultaneously acid-treated to form
a non-woven fabric having dimensional stability in
both the longitudinal and transverse directions. In
this case, since coagulation was not completed
when the longitudinally and transversely arranged
non-woven fabrics were laminated, the filaments
themselves had an adhesive force, and no adhe-
sion processing need be performed.

Example 3

A 15% decalin solution of high-density polyeth-
ylene was spun from the nozzle shown in Fig. 11B
to obtain longitudinally arranged filaments by the
method shown in Fig. 13B. In this case, a room-
temperature air particularly not heated was used
together with the air for vibration shown in Fig. 12B
and the air for scattering shown in Fig. 13B.

An obtained non-woven fabric was composed
of very fine filaments (mostly much smaller than
one denier) and had good adhesion properties be-
tween the filaments without performing adhesion
processing. This non-woven fabric was subjected
to proximity roller streiching by five times in the
longitudinal direction to produce a non-woven fab-
ric having a unit weight of 15 g/m?, a longitudinal
strength of 17.4 kg/5 cm, and a longitudinal siretch-
ing ratio of 27%. That is, the obtained non-woven
fabric was strong in the longitudinal direction. This
non-woven fabric had optimal properties as a ma-
terial web of a cross-laminated non-woven fabric.

[Industrial Applicability]

A non-woven fabric according to the present
invention has a high tensile sirength and therefore
can be suitably used as, e.g., geo-textiles (fiber
materials for the civil engineering and construc-
tion).

Claims

1. A non-woven fabric comprising at least one
filament-laid layer in which not less than one
continuous filament obtained by spinning a
polymeric material is collected into an elliptic
having an elongated major axis so that said
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filament is arranged in a direction of substan-
fially the major axis.

A non-woven fabric according to claim 1,
wherein said filament layer comprises a fila-
ment having a draft ratio of not less than two.

A non-woven fabric according to claim 1,
wherein said filament layer has a filament
stretched in the major axis direction of said
elliptic shape.

A non-woven fabric according to claim 1, fur-
ther comprising a base material layer having a
strength in a direction substantially perpen-
dicular to the major axis direction of said ellip-
tic shape.

A method of making a non-woven fabric com-
prising the steps of:

spinning a filament composed of a poly-
meric material;

vibrating said filament;

amplifying the vibration of said filament;
and

collecting said filament into an elliptic
shape having an elongated major axis and
arranging said filament in a direction of sub-
stantially the major axis.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament spin-
ning step comprises spinning said filament by
using a solution prepared by dissolving a poly-
meric material in a solvent, a solution prepared
by dispersing a polymeric material in the form
of emulsion in a medium, or a melted poly-
meric matetial.

A method of making a non-woven fabric ac-
cording to claim 5, wherein

said filament spinning step includes the
step of passing said filament through a coagu-
lating bath immediately after said filament is
spun, and

said filament vibrating step comprises
vibrating said filament at an outlet of said co-
agulating bath.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament
vibrating step comprises spirally vibrating said
filament.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament
vibrating step comprises vibrating said filament
in zigzag.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

24

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament
vibrating step comprises vibrating said filament
by applying a small amount of heated or non-
heated fluid on said filament at a portion close
to spinning nozzle immediately after spinning.

A method of making non-woven fabric accord-
ing to claim 10, wherein said fluid includes a
fluid containing a fine powder of a solid ma-
terial having a weight and/or a solid material
having adhesion properties.

A method of making a non-woven fabtic ac-
cording to claim 5, wherein said filament
vibrating step includes the steps of applying an
electric charge o said filament and applying
an electric or magnetic field in which a polarity
alternately changes on said filament, thereby
vibrating said filament.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament
vibrating step includes the step of vibrating a
spinning nozzle, thereby vibrating said fila-
ment.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament vibra-
tion amplifying step comprises amplifying vi-
bration of said filament while said vibrating
filament still has draft properties of less than
twice.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament am-
plifying step comprises continuously applying
sideways not less than one pair of fluid flows
substantially symmetrical about said vibrating
filament, thereby amplifying vibration of said
filament.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament vibra-
tion amplifying step comprises amplifying vi-
bration of said spun filament while said fila-
ment vibrates with an amplitude of 1 to 300
mm at a period of not less than 60 times/min.

A method of making a non-woven fabric ac-
cording to claim 16, wherein said filament vi-
bration amplifying step comprises amplifying
vibration of said spun filament while said fila-
ment vibrates with an amplitude of 5 to 50 mm
at a period of not less than 300 times/min.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament spin-
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ning step comprises spinning said filament
having an elliptic or modified crosssection dif-
ferent from a true circle.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament vibra-
tion amplifying step comprises continuously
striking fluid flows on said filament to amplify
vibration of said filament in a direction per-
pendicular to a spraying direction of the fluid
flows.

A method of making a non-woven fabric ac-
cording to claim 5, wherein said filament vibra-
tion amplifying step comprises continuously
crossing fluid flows within a vibration range of
said filament to amplify vibration of said fila-
ment in a direction parallel to a spraying direc-
fion of the fluid flows.

A method of making a non-woven fabric ac-
cording to claim 5, further comprising the step
of stretching said filament in the arranging
direction of said filament after said filament
arranging step.

A method of making a non-woven fabric ac-
cording to claim 5, further comprising the step
of laminating another base material.

A method of making a non-woven fabric ac-
cording fo

claim 22, wherein said base material is a non-
woven fabric or a fiber material web in which a
filament is arranged in a direction substantially
perpendicular o the arranging direction of said
filament of a non-woven fabric to be laminated
on said base material.

A method of making a non-woven fabric ac-
cording to

claim 22, wherein the arranging direction of
said filament of said non-woven fabric is a
widthwise direction (iransverse direction) of
said non-woven fabric, and said base material
is a yarn group extending in a lengthwise di-
rection (longitudinal direction) of said non-wov-
en fabric.

A method of making a non-woven fabric com-
prising:

the first filament spinning step of spinning
a filament composed of a polymeric material;

the first filament vibrating step of vibrating
said filament;

the first filament vibration amplifying step
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28.

26

of amplifying vibration of said filament;

the first arranging step of collecting said
filament into an elliptic shape having an elon-
gated major axis and arranging said filament in
a first direction substantially corresponding to
a direction of the major axis;

the second filament spinning step of spin-
ning a filament composed of a polymeric ma-
terial;

a second filament vibrating step of vibrat-
ing said filament;

a second filament vibration amplifying step
of amplifying vibration of said filament;

a second arranging step of collecting said
filament into an elliptic shape having an elon-
gated major axis in a second direction sub-
stantially perpendicular to the first direction
and arranging said filament in the second di-
rection substantially corresponding to a direc-
tion of the major axis; and

laminating step of laminating non-woven
fabrics arranged in said first and second ar-
ranging steps.

An apparatus for making a non-woven fabric
comprising:

spinning means for spinning a filament
composed of a polymeric material;

vibrating means for vibrating said filament;

amplifying means for amplifying vibration
of said filament;

stage means for arranging said filament
into a sheet on a plane; and

moving means for moving said filament
spinning means and said stage means relative
to each other.
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