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Description
TECHNICAL FIELD

This invention relates to a crimped multifilament having a crimp a shape of which is random (hereafter referred to
a random crimp) and a method for manufacturing the same.

The crimped multifilament in accordance with the present invention may be included a tow to be used for manu-
facturing a staple fiber.

More particularly, this invention relates to a random crimped multifilament not obtained by a mechanical treatment
such as a falsetwist treatment, but. can be obtained by a method based on a high speed spinning method, and which
can usefully use as a multifilament or a staple fiber, and a method for manufacturing the same at a lower cost.

PRIOR ART

A crimped filament obtained by applying a fiber of a thermoplastic polymer with a mechanical treatment such as
a falsetwist treatment or a stuffing box type crimping treatment has been broadly used in a form of a multifilament or
a spun yarn for a carpet.

However, a production speed of the crimped multifilament in the mechanical treatment is between several hundreds
m/min and 3,000 m/min at most, accordingly the manufacture of the crimped multifilament performed by, the mechanical
treatment has a high production cost and requires excessive energy and a manual operation and results in an extremely
high cost of the obtained crimped multifilament.

U.S. Patents No. 4,542,063 corresponding to Japanese Examined Patent Publication No. 64-6282 and No.
4,415,726 corresponding to Japanese Examined Patent Publication No. 64-8086 disclosed a matter that when a polya-
mide polymer or a polyester polymer is spun by a high speed spinning method, a molecular orientation and a crystal-
lization increase with an increase of a spinning speed, and a multifilament just after spinning has sufficient mechanical
properties which is substantially equal to those of an conventional multifilament manufactured by a low speed spinning
and drawing method, and a woven fabric and a knitted fabric can be manufactured from this multifilament without
applying a drawing treatment. It is expected to obtain a crimped multifilament of a lower price by applying the multifil-
ament manufactured by the high speed spinning method with a crimping treatment, but since a growth of the crystal
becomes excessive, it becomes to clear that a random crimp cannot be obtained in the crimping treatment.

Further, it becomes clear that when a multifilament having a denier of a monofilament between 10 g/9000 m (10
d), and 10 g/9000 m (10 d) required as a multifilament used in a carpet is manufactured from a material having an
extremely high crystallinity speed, such as a polyamide, a spherulite generates in a spun monofilament, a clarity is
remarkably reduced, a smoothness is lost and result is a degradation of the value of the merchandise. The generation
of the spherulite could not solved by combining a method disclosed in Japanese Unexamined Patent Publication (Kokai)
No. 58-36213 and using a method in which the multifilament is spun under a non-water system with a method disclosed
in Japanese Unexamined Patent Publication (Kokai) No. 63-99324 and including an inorganic metal salt.

As one method for obtaining the crimped multifilament by using the high speed spinning method, Japanese Un-
examined Patent Publication (Kokai) No. 55-107511 and The Society of Fiber Science and Technology, Vol. 37, No. 4
(1981) T135 - T142 disclosed a method of obtaining a crimped multifilament by applying a biased cooling to a polyester
multifilament with an air having a low temperature in a high speed spinning process of 8000 m/min or more.

A filament constituting the polyester multifilament disclosed in the above publication has a structure having a
difference of a birefringence between an outside layer and an inside layer in a cross section, and an eccentric distribution
of the birefringence biased from a fiber axis of the filament, and then a weak spiral crimp appears in the filament just
after spinning. However, the filament obtained in accordance with this publication has also an excess growth of crystal,
as apparently shown in a crystal structure obtained by a wide-angle X-ray diffractometry. Accordingly even if a heat
treatment is further applied to the filament, it is impossible to obtain a random crimp and the spiral crimp is retained,
and thus a useful crimped multifilament could not be obtained. Further when a method disclosed in U.S. Patents No.
4,238,439 and No. 4,619,803 is used for spinning a polyamide at a high speed, the obtained result is the same as that
of the above case.

U.S Patents No. 4,038,357 and No. 4,301,102 and Japanese Unexamined Patent Publication (Kokai) No. 62-23816
disclosed a method of "Spin Texturing" in which a crimped multifilament is obtained by applying an aqueous liquid to
multifilament before setting to a solid. A distribution of birefringence index having substantially eccentric state is gen-
erated in those methods of applying a crimp, and a crimped multifilament having a spiral shape can be obtained.

The two former cases i.e., U.S. Patents No. 4,038,357 and No. 4,301,102 relate to a polyamide multifilament and
only disclosed one using a spinning and taking speed of 2,300 m/min at most. A distribution of the birefringence having
an eccentric state in this case is caused by asymmetrical cooling using a crossing air current and is substantially the
same as that in the above-mentioned U.S. Patent No. 4,238,439. Namely the application of the aqueous liquid in this
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case intend only to sufficiently impregnate the filament in the aqueous liquid, and then the crimped multifilament ob-
tained by the methods disclosed in those publications have a spiral crimp having a tendency of turning in a reverse
direction, even if a liquid injecting treatment is applied. Accordingly, the obtained multifilament has a weak crimp elas-
ticity and when the multifilament is used in a carpet, it is impossible to obtain sufficient bulkiness.

The Japanese Unexamined Patent Publication (Kokai) 62-23816 relates to a polyester multifilament and discloses
a method of cooling a multifilament extruded at a spinning speed of 6,000 m/min or more at a vicinity of a point where
slenderization of the extruded filament is completed by on a liquid. Also in the above method, a spiral crimp is generated
due to a remarkably grown crystal caused by the high-speed spinning. Accordingly it is impossible to apply a random
crimp to the filament even if a subsequent heat treatment is applied.

The FR-A 1,517,632 discloses the production of a crimped fiber at a spinning rate of at most 600 m/min and cooling
with air. The obtained fiber has helical crimps.

The US Patent 4,701,377 relates to a polyamide fiber excellent in strength, comprising at least one of polycapra-
mide, polyhexamethylene adipamide and polytetramethylene adipamide in an amount not less than 60 % by weight
on the basis of the polyamide fiber, having a relative viscosity of not less than 2.3 and less than 3.5, measured on a
96 % by weight sulfuric acid solution having a polyamide concentration of 10 mg/ml at 20 °C, an index of birefringence
(An), measured after 24 hours under the conditions of 30 °C and 80 % relative humidity of not less than 55 x 103, and
a tenacity of not less than 12.0 g/d, the index of birefringence in section of the fiber satisfying the following relationship:

An 4-An BZO

wherein An, is the index of birefringence of the fiber at the position of 7R=0.9, Ang s the index of birefringence of the
fiber at the position of #R=0.0, R is the radius of the fiber section, and the tenacity and the break elongation satisfying
the following relationship:

Tenacity x (Break elongation)y2 >46.0 g/d - V%.

As described above, known methods for manufacturing a crimped multifilament which are based on a high-speed
spinning at a spinning speed of around 4000 m/min or more, provide a spiral crimped filament having a lower bulkiness
and resiliency, but fails to provide a crimped filament having a random shape sufficient for practical used due to the
excess growth of the crystal, even if the subsequent heat treatment such as liquid injecting treatment is applied. Namely,
in case that the multifilament having a spiral crimp is used for a carpet yam, it is easily allowed to extend the spiral
crimp during a tufting process and hence a covering property of the carpet falls short.

Further when staple fibers are manufactured by cutting the crimped multifilament, i.e., a tow in this case and a
spun yarn is manufactured, there arise plenty of carding waste during a card processing, and hence a workability is
remarkably impaired.

Accordingly, it has been strongly desired to provide a random crimped multifilament having superior fastness to
crimp and a method for manufacturing the random crimped multifilament at a high speed and a lower cost.

DISCLOSURE OF THE INVENTION

A primary object of the present invention is to provide a crimped multifilament of a thermoplastic synthetic fiber
having a random crimp a fastness of which is superior.

A second object of the present invention is to provide a polyamide crimped multifilament having a random crimp
a fastness of which is superior and a smooth surface.

A third object of the present invention is to provide a polyester crimped multifilament having a random crimp a
fastness of which is superior.

A fourth object of the present invention is to provide a polyester staple fiber having a random crimp a fastness of
which is superior.

A fifth object of the present invention is to provide a method for manufacturing a polyamide crimped multifilament
having a random crimp a fastness of which is superior and a smooth surface.

A sixth object of the present invention is to provide a method for manufacturing a polyester crimped multifilament
having a random crimp a fastness of which is superior.

In order to overcome the above problems, the present inventors have investigated energetically to find that although
a crystal growth is suppressed in the filament spun at a high-speed under a specified cooling condition, a subsequent
heat-treatment allows a crystal structure to grow up to a size equal to that of a filament spun at a higher speed of 4000
m/min or more in general.
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Under this technical result, it became first possible to apply the random crimp to a filament spun at the higher
speed of 4000 m/min or more. Further the obtained random crimped filament has a smooth surface, and a superior
fastness to crimp due to, a highly groan crystal structure which is a specific feature of the filament spun at the higher
speed and a specific distribution of a birefringence index, thus the present invention is completed.
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The primary object of the present invention can be attained by

(1) a three-dimensional crimped multifilament composed of a thermoplastic polymer, wherein a birefringence index
measured at an outer layer of a filament constituting said multifilament is larger than that of a birefringence index
measured at a central portion of the filament, and said filament has a distribution in which a position having a
smallest value of the birefringence index deviates from the center axis of the filament, characterized in that said
filament has random crimps (20) of at least 3.9 crimps per cm (10 crimps per inch).

The second object of the present invention can be attained by
(2) a crimped multifilament as defined in (1) above which is a polyamide crimped multifilament composed of a
polyamide polymer, wherein the filament constituting said multifilament has a crystal growth rate of 0.2 or more
which is measured by a wide-angle X-ray diffractometry.

The third object of the present invention can be attained by
(3) a crimped multifilament as defined in (1) above which is a polyester crimped multifilament composed of a
polyester polymer, wherein the filament constituting said multifilament has a crystal growth rate of 0.4 or more
which is measured by a wide-angle X-ray diffractometry.

The fourth object of the present invention can be attained by
(4) a polyester staple fiber composed of a crimped multifilament as defined in (3) above.

The fifth object of the present invention can be attained by
(5) a method for manufacturing a polyamide crimped multifilament as defined in (2) above by melt spinning a
polyamide, wherein the multifilament extruded from a spinneret (2) is asymmetrically cooled by applying an aque-
ous liquid to one side of the multifilament up to a state that a temperature of a filament constituting said multifilament
becomes 100 °C or more, and then is taken out at the spinning rate of 4,000 m/min or more, and a taken muiltifil-
ament is drawn at the drawing ratio between 1.0 and 1.5, and then is applied with a liquid injecting treatment at a
temperature of 150 °C or more; and (5a) a method for manufacturing a polyamide crimped multifilament as defined
in (2) above by melt spinning a polyamide, wherein the multifilament extruded from a spinneret (2) is asymmetrically
cooled by applying an aqueous liquid to one side of the multifilament up to a state that a temperature of a filament
constituting said multifilament becomes 100 °C or more, then is taken out at the spinning rate of 5,000 m/min or
more, and then is applied with a liquid injecting treatment at a temperature of 150 °C or more.

The sixth object of the present invention can be attained by
(6) a method for manufacturing a polyester crimped multifilament as defined in (3) above by melt spinning a pol-
yester, wherein the multifilament extruded from a spinneret (2) is asymmetrically cooled by applying an aqueous
liquid to one side of the multifilament up to a state that a temperature of a filament constituting said multifilament
becomes 150 °C or more, and then is taken out at the spinning rate of 5,000 m/min or more, and a taken multifil-
ament is drawn at the drawing ratio between 1.0 and 1.5, and then is applied with a heat treatment under relaxation
at a temperature of 150 °C or more; and (6a) a method for manufacturing a polyester crimped multiflament as
defined in (3) above by melt spinning a polyester, wherein the multifilament extruded from a spinneret (2) is asym-
metrically cooled by applying an aqueous liquid to one side of the multifilament up to a state that a temperature
of a filament constituting said multifilament becomes 150 °C or more, then is taken out at the spinning rate of 5,000
m/min or more, and then is applied with a heat treatment under relaxation at a temperature of 150 °C or more.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1(A) is a photograph showing a random crimp of a crimped multifilament in accordance with the present
invention;

Fig. 1(B) is a view schematically illustrating a random crimp;

Fig. 2 is a view schematically illustrating a spiral crimp;

Figs. 3(A) to 3(C) are patterns of transmission quantitative interference microphotographs depicting various dis-
tributions of birefringence index of a filament in accordance with the present invention;

Fig. 4(A) is a microphotograph of a cross section of a dyed filament in accordance with the present invention;
Fig. 4(B) is a microphotograph of a cross section of a dyed filament constituting a conventional crimped multifila-
ment;

Fig. 5(A) is an electron micrograph showing a smoothness of a surface of the crimped filament in accordance with
the present invention;

Fig. 5(B) is an electron micrograph showing a smoothness of a surface of the conventional crimped filament;
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Figs. 6 and 7 are schematic front views showing an example of a spinning machine and processing machine for
carrying out the present invention, respectively;

Figs. 8(A), 8(B), 9(A) and 9(B) are schematic front views showing an example of a water applying device for use
in an asymmetric cooling of the present invention, respectively;

Figs. 10 and 11 are graphs showing an example of an X-ray diffraction strength curve obtained in the measurement
of crystal growth rate of the multifilament in accordance with the present invention; and,

Fig. 12 is a view illustrating a crimp generation ratio of the crimped multifilament.

BEST MODE FOR CARRYING OUT THE INVENTION

An essential feature of a crimped multifilament in accordance with the present invention is that a filament consti-
tuting the multifilament has a random shaped crimp.

The random crimp in the present invention means a three-dimensional crimp having no torque and in which each
crimp is irregularly generated, and thus the random crimp is clearly distinguished from torque type crimp obtained by
a false-twist treatment and a spiral crimp obtained by a composite spinning or a mechanically rubbing method.

Figure 1(A) shows a photograph of the random crimp in accordance with the present invention and Fig 1(B) is a
view of schematically showing the photograph of Fig. 1(A). Fig. 2 is a view illustrating schematically a spiral crimp to
compare the random crimp shown in Fig. 1(B).

The random shape of the crimp is a factor applying sufficient resilience for a stretching operation and a compressing

operation to the filament. It is unsuitable to use the spiral crimp for a carpet due to an inferior compression properties
and a lack of rigidity.
It is required that a number of crimp of 3.9 per cm (10 per inch) or more are applied to the filament of the multifilament
in accordance with the present invention. When the number of crimp is under 3.9 per cm (10 per inch), it is impossible
to satisfy the compression properties in the carpet. Further when a staple fiber is made by cutting the crimped multi-
filament, a lot of carding waste is generated in a carding process and thus a processability becomes inferior.

Itis required in a crimp filament used for a carpet that an extensibility of the crimp should be 10% or more as well
as the appropriate number of crimps. The crimped filament in accordance with the present invention, however, has a
extensibility of 10% or more providing the number of crimps 3.9 per cm (10 per inch) or more, which satisfies the
foregoing requirements. Preferably, the crimps has the number of crimps 5.9 per cm (15 per inch) or more, and an
extensibility of 20% to 50%.

The crimped multifilament in accordance with the present invention has a specific distribution of a birefringence
index that a birefringence index measured at an outer layer of the filament constituting the multifilament is larger than
that of a birefringence index measured at a central portion of the filament, and a position having a smallest value of
the birefringence index deviates from the center axis of the filament.

When a cross section of the filament is circular, the distribution and the eccentricity of the birefringence index can
be observed according to a method using a transmission interference microscope and which is described in detail
latter. The distribution of birefringence index can be measured from U-letter type or V-letter type interference bands
as shown in Fig. 3(A) and Fig. 3(B). When the distribution of birefringence index deviates from a center of the filament,
a lower point LP of an interference band removes from a central axis X-X of the filament.

When the cross section of the filament is an odd shape, it is impossible to observe the birefringence index by the
transmission interference microscope used for the filament having the circular cross section. Accordingly, in this case,
presence of the eccentricity can be measured by taking a photograph of a cross section of a dyed filament by a optical
microscope and measuring a length that the dyestuff permeates from a surface of the filament as shown in Journal of
the Textile Machinery Society of Japan Vol. 33, No. 11 (1980) p. 551 to 554.

Further, in practice, it is possible to estimate a distribution of birefringence index of a filament having an odd cross
section by spinning a filament having a circular cross section under the same conditions as those used for spinning
the filament having the odd cross section and observing a microphotograph of the filament having the circular cross
section.

Fig. 4(A) is a photo of the cross section of the dyed filament in accordance with the present invention. As shown
in Fig. 4(A), a permeating area of the dyestuff is greatly deviated from a geometrical center in the cross section. Fig.
4(B) shows a microphotograph of a cross section of a dyed filament of a conventional crimped multifilament.

The definition of an eccentricity in a case that the cross section of the filament is asymmetrical and has a complicate
profile is defined on the basis of a geometrical center of gravity.

The fastness to crimp of the multifilament in accordance with the present invention becomes superior due to the
above-mentioned specific distribution of birefringence index.

A thermoplastic polymer in the present invention means a polyamide such as a nylon 66, a nylon 6, a nylon 12 or
anylon 46, a polyester such as a polyethylene terephthalate, a polybutylene terephthalate or a polyethylene isophtha-
late as well as a fiber formable polymer such as a polypropylene or a polyethylene. If necessary, an additive such as
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an antistat, a delustering agent or a flame retarder may be included.

For general, the present invention presents superior effects in particular when applied to a polyamide or a polyester.

In a case of polyamide which is represented by the nylon 66 and the nylon 6 and having a circular cross section,
the birefringence indexes of the filament have preferably a difference of 5 x 10-3 to 45 x 10-3 between the outer layer
and an internal layer and a distribution deviated from a center of the filament. When the difference 8(An) of the bire-
fringence indexes in the cross section is less than 5 x 103, the number of crimp become insufficient and thus the object
of the present invention cannot be attained.

In a case of polyamide, a crystal growth rate of the filament obtained by a wide-angle X-ray diffractometry is
preferably 0.2 or more. In a case that the polyamide is a polyhexamethylene adipamide, it is desirable that a crystal
perfection index is 70% or more.

The crystal growth rate and the crystal perfection index can be measured by a latterly described method using a
wide-angle X-ray diffractometry. The crystal growth rate is an indication expressing a degree of crystal growth. The
nearer to 1 the value of the crystal growth rate comes, the bigger the crystal growth is. It is apparent that the crystal
in the crimped multifilament in accordance with the present invention is exiremely grown, by the fact that a value of
the crystal growth rate of a conventional filament manufactured by a lower speed spinning and drawing process is 0.15
or less. A preferable crystal growth rate is 0.25 or more.

The crystal perfection index means an indication expressing mainly a size of crystal and the nearer to 100% the
value of the crystal perfection index, the heighest perfection of the crystal is. It is apparent that the crimped multifilament
is accordance with the present invention has an extremely higher crystal perfection index by the fact that a polyamide
multifilament manufactured by a lower speed spinning and drawing process has the crystal perfection index of 40% to
60%.

The polyamide crimped multifilament in accordance with the present invention have not completely a spherulite
and thus a smoothness on a surface of the filament is superior. In the conventional polyamide filament manufactured
by the high-speed spinning process, a lot of spherulites are generated or the surface of filaments due to high crystal-
lization speed, and thus the smoothness of the surface of filament is impaired, and the filament is devitrificated. Ac-
cordingly, it is impossible to have a clearer color development and a superior luster from the dyed filament.

The above described spherulite cannot be observed from the crimped multifilament in accordance with the present
invention and thus this multifilament has a superior transparency. This feature is more enhanced for a filament having
a denier of 10 g/9000 m (10 d) or more.

The smoothness of a filament surface can be easily observed by a conventional electromicroscope having a mag-
nification of 500 to 2000.

Fig. 5 shows an electro micrograph of a nylon 66 crimped filament, with no spherulites in the crimped filament in
accordance with the present invention as shown in Fig. 5(A), and generation of the spherulites is confirmed in a con-
ventional crimped filament as shown in Fig. 5(B).

A case using a polyester represented by a polyethylene terephthalate and a polybutylene terephthalate as the
thermoplastic polymer will be explained hereafter.

When the cross section of the filament is circular, the birefringence indexes of the filament have preferably a
difference of 20 x 103 to 100 x 103 between the outer layer and the inner layer and a distribution deviated from a
center of the filament. When the difference of the birefringence index is 30 x 10-3 or more, a superior crimp can be
generated. Further when a crystal growth rate obtained by the wide-angle X-ray diffractometry is 0.4 or more, the
obtained crimp has a superior fastness to crimp.

The crystal growth rate of the polyester can be measured by latterly described method, the nearer to 1 the value
of crystal growth rate comes, the bigger the crystal growth is. It is apparent that the crystal in the crimped multifilament
in accordance with the present invention is extremely grown by the fact that a value of the crystal growth rate of a
conventional filament manufactured by a lower speed spinning and drawing process is 0.3 or less. A preferable crystal
growth rate is 0.5 or more.

As described herebefore, the crimped multifilament in accordance with the present invention can be obtained by
simultaneously satisfying the three following factors.

(1) The distribution having eccentricity of birefringence index
(2) Random crimp
(3) Highly growth crystal structure

The crimped multifilament in accordance with the present invention can show superior bulkiness and fastness to
crimp or the basis of the above structure.

The fastness to crimp is expressed as a resistance against a stretching stress applied to the filament and a recov-
ering force of the crimp under a load. When, for example, the crimped multifilament is used as a state of a bulked
continuous filaments, i.e., B.C.F. to a carpet, even if excess stretching stress is applied to the filament during a twisting
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process and a tufting process, there is little lowering of the crimp and superior bulkiness is remained. The recovery
force of the crimp is also superior.

In general, when B.C.F. is tufted to make the carpet, the crimped multifilament becomes to a mutually crowded
state and then the crimped multifilament is applied with restriction caused by a load corresponding to 0.2 m/g. While,
B.C.F. is supplied from a wound package and B.C.F. is rewound from the package and tufted. In this case, the crimp
in B.C.F. decreases greatly due to creep generated in the package. Accordingly, when the recovery force of crimp is
weak, the crimp do not sufficiently recover due to the restriction after the tufting process and thus properties of the
carpet becomes remarkably inferior.

Even if the crimp is greatly decreased due to the creep, the crimped multifilament in accordance with the present
invention can recover again the crimp thereof by a boiling water treatment and even if the multifilament is under the
restriction, the crimped multifilament in accordance with the present invention has superior recovery force of the crimp
over that of the conventional B.C.F.

When the crimped multifilament (in this case, mentioned as a tow) in accordance with the present invention is cut
to make staple fibers and then the staple fiber is supplied to card, stretch of the crimp is very small and thus a good
carding processability can be expected.

A cross section of the crimped multifilament in accordance with the present invention is not limited to a circle, a
yarn having an odd cross section such as a trilobate or a square, or a hollow yarn can be used. A denier of a filament
is not particularly specified either, subject to around 50 g/9000 m (50 d) or less.

If necessary, an entanglement may be applied to the crimped filament.

A method for manufacturing the crimped multifilament in accordance with the present invention will be described
hereafter.

Fig. 6 shows an example of a spinning and heat-treating apparatus of implementing a manufacturing method in
accordance with the present invention.

Filaments 13 extruded from a spinneret 2 mounted on a spinhead 1 are cooled by a cooling air chamber 4. In a
region where the filaments 13 maintain a high temperature, the filaments are asymmetrically cooled by applying an
aqueous liquid from an aqueous liquid applicator 50 to one side of the filaments. In this case, the aqueous liquid is
applied to the filaments which are separated each other.

The filaments 13 are converged and oiled by an oiling nozzle 6, and then taken up by a high-speed take-up roll 7.
Subsequently, the filaments 13 are relaxation-heat treated by a heat-treating apparatus 8 to obtain a random crimp,
imparted an entanglement by means of a cooling drum 9 and an entangling nozzle 10, and through a tension control
roll 11 wound up to a package 12. In this case a liquid injecting nozzle is used as the heat-treating apparatus 8.

Fig. 6 schematically shows the apparatus in Fig. 5 further provided with a drawing means, in which the filaments
13 are drawn between a take-up roll 7 and a drawing roll 7'.

Figs. 8 and 9 are schematic drawings of carrying out the water applying operation in accordance with the present
invention. Fig. 8(A) is a schematic front view of a separating nozzle separating the filaments from each other, Fig. 8
(B) is a sectional view taken at the line E-E' in Fig. 8(A), Fig. 9(A) shows an example of a roll method in which filaments
are aligned in a plane and then the aqueous liquid is applied to one side of the plane of filaments, and Fig. 9(B) shows
an example of a nozzle method applying the liquid water to converged filaments from one side thereof.

In the manufacturing method of the present invention, it is required that the filaments extruded from the spinneret
should be air-cooled, should be supplied with aqueous liquid in the region where the filaments are cooled down to a
temperature of 100°C, to thereby cool asymmetrically, and should be spun at a spinning rate of 4000 m/min or more.

When the spinning rate is less than 4000 m/min, the difference §(A,) in the birefringence indexes between the
outer layer and the inner layer of the filament section is not allowed to enlarge which is the object of the present
invention, and the difference 8(A,) in the birefringence indexes which has once occurred may be caused to disappear
by the subsequent drawing or the like. Further, in the filament after heat-treating, the crystal is prevented from fully
growing, resulting in the shortage of fastness to crimp of the obtained crimped filaments.

The spinning speed at which the object of the present invention can be achieved is within the range of 5000 m/
min to 8000 m/min. In case of the spinning speed of 8000 m/min or more, it is possible to obtain multifilaments of the
invention by subjecting to an extremely great volume of aqueous liquid, whereas plenty of aqueous liquid must be
required to adjust the crystal growth rate of the filament, bringing about a scattering of the aqueous or other trouble.

In view of mechanical characteristics and formation of structure required as the filaments, the most desirable
spinning speed is 5500 to 7500 m/min.

With regard to polyester, the Journal of the Textile Society (T135 - T142), No. 4 (1981), Vol. 37) reports that 8000
m/min or more is required to obtain a ununiform configuration of the sectional birefringent indexes, while regarding
polyamide, Japanese Examined Patent Publication (Kokoku) No. 64-6283 shows that the difference in the birefringent
indexes of the order of 6 x 10-% at most can be obtained at 10000 m/min. As compared with the above facts, the
filaments of the present invention are much improved.

Within the range of spinning speed in accordance with the present invention, there is no fear of prominent increase
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in the spinning tension, or breakage of the filaments during spinning, thus enabling a stable and industrial execution.

The remarkable feature of the present invention lies in the fact that the filaments extruded from the spinneret are
air-cooled, and supplied with aqueous liquid before the temperature of the filaments reaches 100°C or below, thus
conducting an asymmetrical cooling.

By subjecting the filaments under such high-temperature to the asymmetrical cooling through an aqueous liquid,
there appear the crystal growth rate and the eccentric distribution of the birefringent indexes which both feature the
filaments of the present invention. In the case where the temperature of the filament is less than 100°C when applied
with the aqueous liquid, the object of the present invention is not to be achieved regardless of the volume of water to
be applied or other conditions.

As the temperature of the filaments is higher than 100°C at the time of applying the aqueous liquid, so the difference
3(A,) in the birefringent indexes enlarges. Nevertheless, the temperature above 250°C of the filaments causes trouble
such as a breakage of the filaments during the application of the aqueous liquid. Therefore, the preferred temperature
of the filaments is within the range of 250°C to 100°C.

In a melt spinning, a polymer is generally extruded from the spinneret at a temperature of 260°C to 320°C.

In the method of the present invention, cooling of the filament previous to the application of an aqueous liquid is
carried out through a cooling air, which is generally employed in the melt extrusion. The position of the filaments relative
to the spinneret where the filaments have a temperature of 100°C or more which is suitable for executing the present
invention, differs depending on the spinning speed and fineness of the filament. Supposing the spinning speed is 4000
m/min or more, and the fineness is 1 to 5 g/9000 m (1 to 5 denier) which is normally used for clothing, it is within about
100 cm below the spinneret. The aqueous liquid of the present invention is therefore within the above range.

With respect to polyamide, it is required that a temperature of the filament applied with the aqueous liquid is 100°C
or more, preferably 130°C or more.

Besides, for carpets, a filament having a fineness of 10 to 30 g/9000 m (10 to 30 denier) is used. In this case, the
application of the aqueous liquid is carried out at a position within about 300 cm below the spinneret. Further, different
from polyester in the case of polyamide, there is not generally seen a rapid slenderizing of the yarn diameter during
the spinning process at the high-speed spinning under the condition free from any application of aqueous liquid. How-
ever, in the spinning subjected to the aqueous liquid of the present invention, a distinctive slenderizing was observed
at the applying point of the aqueous liquid. in other words, it has been definitely shown by the present invention for the
first time that the application of the aqueous liquid to the filament under a high-temperature causes compulsive ap-
pearance of the slenderizing point.

Magnification o the difference 8(A,) in the birefringence indexes and the eccentric structure intended in the present
invention can be attained by the application of the aqueous liquid.

With respect to polyester, it is required that a temperature of the filament applied with the aqueous liquid is 150°C
or more, when the spinning speed is above around 6000 m/min, it is known that there is observed a rapid slenderizing
of the yarn diameter during the spinning process (Journal of Textile Society, pp. 499-507, No. 11 (1982), Vol. 38). The
aqueous liquid of the present invention is applied at a position of about 5 cm or more above the slenderizing position
as a reference point (neck point), preferably, at about 5 cm or more preferably 10 cm or more above it. For example,
when multifilament constituted with filament having a fineness of 3 denier is spun at a spinning speed of 6000 m/min,
and the slenderizing position is 70 cm (at this position, a temperature of filament is around 100°C) below the surface
of the spinneret, the aqueous liquid is applied at a position within 65 cm (at this position, a temperature of filament is
around 150°C or more) below the surface of the spinneret, preferably, within 60 cm (at this point, a temperature of
filament is around 200°C or more) below it.

An orientation and crystallization of the polyester are extremely easily generated in the high-speed spinning proc-
ess, and then the microstructure in the filament is greatly influenced by a difference of only 1 cm to 2 cm in the position
applying the aqueous liquid. Accordingly, determination of the aqueous liquid applying position must be done exactly.
When the aqueous liquid is applied to the filament having a temperature of less than 150°C, the difference (A,,) in the
birefringence index become insulfficient, the obtained multifilament is a crimped multifilament having weak crimps and
after applying the heat treatment under relaxation to the obtained multifilament, increment of the crimp is not obtained.

As an aqueous liquid for cooling filaments in the present invention, water or a normal spinning lubricant emulsion
is available. For convenience,
water may be used. Moreover, the lower the temperature of the aqueous liquid, the better. Nevertheless, the present
invention can be accomplished without cooling below the normal temperature in particular.

A method of applying the aqueous liquid in a state that the filaments are separated from each other, a method of
applying the aqueous liquid in a state that the filaments are arranged in a plane, or a method of applying the aqueous
liquid in a state that several or ten several filaments are converged can be used for the application of the aqueous liquid.

The method of applying the aqueous liquid in the state that the filaments are separated from each other can be
preferably used for the polyamide multifilament constituted with filaments having a denier of around 10 denier or more.
In the present invention, this method is referred to as the "separated nozzle method". Fig. 8(A) shows an example of
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the separated nozzle method. Each filament is independently applied with the aqueous liquid by a group of nozzles
5a arranged in a mutually separated state.

To more clarify a state that the filament is applied with the aqueous liquid, Fig. 8(B) which is a sectional view taken
along the line E-E' of Fig. 8(A) is shown. Atop end of the nozzle is formed to a sharp shape and this shape is a suitable
shape to make a resistance caused by contact with the filaments to small and to cool asymmetrically the filaments.

The method of applying the aqueous liquid in the state that the filaments are arranged in the plane can be preferably
used for the polyester multifilament constituted with a filament having a denier of around 10 g/9000 m (10 denier) or
less. In the present invention, this method is referred to as the "Roll method".

Fig. 9(A) shows an example of the roll method. It is preferable that a resistance caused by contact with the filament
is small. Accordingly a diameter of the roll may be determined in a range of 10 mm to 50 mm.

A method of applying the aqueous liquid in a state that several or ten several filaments are converged can be
preferably used for the multifilament constituted with filaments having a denier of 1 to 5 g/9000 m (1 d to 5 d). In the
present invention, this method is referred to as the "Nozzle method".

However, other methods can be also employed except that the object of the present invention is impaired. The
quantity of the aqueous liquid applied to the filament is represented by weight percentage relative to the filament.

In the present invention, the filaments are asymmetrically cooled and the crystal growth rate is suppressed by
applying the aqueous liquid to the filaments having a higher temperature.

It is possible in the present invention that the higher the quantity of the aqueous liquid to be applied is, the lower
the crystal growth rate is suppressed at the same filament temperature. An application of the aqueous liquid of about
10 wt% or more is required to achieve the object of the present invention. In case the application of the aqueous liquid
reaches 500 wt% or more, it is necessary to prevent an excess aqueous liquid from scattering. The preferable quantity
of the aqueous liquid is 20 to 300 wi%. And the quantity of the aqueous liquid of 20 to 50 wi% is used in the separated
nozzle method and the roll method.

In the case that the aqueous liquid is applied in the state that the plurality of filaments are converged, such as the
nozzle method, the filaments tend to cause troubles such as a breakage of the filaments arising from a mutual fusing,
due to its high-temperature of 100°C or more. It is a marvelous discovery of the present invention that the above-
mentioned fusing phenomenon completely ravels out to obtain an extremely stable spinning by applying an aqueous.

To be concrete, when the nozzle method as shown in Fig. 5(b) is used to apply the aqueous liquid, even if three
to twenty filaments are converged, a stable spinning can be satisfactorily carried out without any adhesion of single yarn.

The asymmetrical cooling in accordance with the present invention can be attained by combination of the high-
speed spinning process a sinning speed of which is 4000 m/min or more and the process of applying the aqueous
liquid on one side of the filaments. Namely, the asymmetrical cooling is attained by that, when the filaments is in contact
with the aqueous liquid applied to the one side of the filaments, a membrane of the aqueous liquid, i.e., a surface
tension of liquid is broken by a high speed running of the filaments and results in application of the aqueous liquid on
only one side of the filaments. This technical fact can be confirmed by observing a contacting portion between the
filaments and the aqueous liquid.

When the spinning speed of less than 4000 m/min is used and the aqueous liquid is applied on one side of the
filaments, the membrane of the aqueous liquid is not broken and thus the whole surface of the filaments are covered
with the aqueous liquid. Accordingly, the asymmetrical cooling cannot be attained.

In the present invention, it is required that after the asymmetrical cooling, a drawing operation, a drawing ratio of
which is between 1.0 and 1.5, is applied and then a heat treatment, a temperature of which is 150°C or more is applied.
In a case of a spinning speed of around 4000 to 5000 m/min, it is preferable to apply the drawing operation of a drawing
ratio of 1.5 or less to improve the mechanical properties of the filaments. In a case of a spinning speed of around 5,000
m/min or more, a crimped multifilament having mechanical properties useful for practical use can be obtained with the
application of the drawing operation.

It is most preferable that a multifilament is spun at the spinning speed of 5,000 m/min or more to make a crimped
multifilament without the application of a drawing operation in view of obtaining high productivity with simple process.

In a case of a spinning speed between around 4,000 m/min to 5,000 m/min, when the drawing ratio exceeding
from 1.5 is used, the distribution in the birefringence index disappears and thus the object of the present invention
cannot be attained.

It is preferable that the drawing be carried out by heat-drawing at the glass transition temperature of the polymer
or more.

The heat-treating needs to be conducted at a temperature of around 150°C or more, preferably under a substantially
relaxed condition.

The present invention is characterized in that the filaments previous to the heat-treatment have a lower crystal
growth rate whereas the filaments subjected to the heat-treatment are permitted to grow larger. This is a remarkable
change which has not been anticipated so far, of which reason is not yet cleared up. It is guessed however that a higher
crystal growth rate peculiar to the high-speed spinning and potentialized into a freeze by an application of aqueous
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liquid, is actualized by a high-temperature heat-treatment.

Figs. 10 and 11 schematically show the growth of a crystal subjected to a heat-treatment. Fig. 10 shows an example
using nylon 66 as a polymer, in which reference numeral (I) represents a wide-angle X-ray diffraction pattern of the
filament previous to the heat treatment, and (2) represents a wide-angle X-ray diffraction pattern of the filament sub-
jected to the heat-treatment. Fig. 11 shows an example using polyethylene terephthalate as a polymer, in which in the
same manner as Fig. 11, reference numeral (1) stands for a wide-angle X-ray diffraction pattern of the crimped filament
previous to the heat-treatment, (Il) stands for that subjected to the heat treatment, and (lll) stands for that of a con-
ventional filament manufactured by a lower spinning speed and drawing method.

Such change in the crystal structure was found for the first time by the present invention. A multifilament having
only a spiral crimp can be manufactured from a multifilament obtained by using the high-speed spinning herebefore,
but the random crimped multifilament can be first obtained on the basis of discovery of the above technical concept.

In a case that a temperature of the heat-treating is less than around 150°C, the crystal is not allowed to fully grow
and hence it is difficult to obtain crimped yarns having a superior fastness to crimp which the present invention aims
to provide. The temperature of the heat-treatment is preferably around 180°C or more.

In order to accomplish the objects of the present invention, it is desirable that the heat-treating be carried out
substantially under a relaxation, preferably under the relaxation of the order of 5% or more. When it is conducted
substantially under a stretching condition, there arises a reduction in the number of crimps and a deficiency of the
distribution of the birefringent indexes.

As a relaxation heat-treating apparatus of this kind, for example, a fluid nozzle which is disclosed in Japanese
Unexamined Patent Publication (Kokai) No. 59-71440, a jet processing apparatus disclosed in Japanese Examined
Patent Publication (Kokoku) No. 58-30423, or other means may be appropriately selected. A high temperature air, a
saturated vapor or a unsaturated vapor can be generally used as a heated fluid used in the jet processing method.

When B.C.F. of the polyamide is used to the manufacture of the crimped multifilament, the jet processing method
using a fluid nozzle may be adapted. In this case, a random crimped multifilament having a superior fastness to crimp
can be obtained by a combination of the fiber structure formed by the asymmetric cooling and an effect caused by the
jet processing method.

In a case that the polyester crimped multifilament is used as a staple fiber, it is not always to use the jet processing
method, and, for example, it is possible to accumulate the fibers on a running net and apply the heat treatment under
the relaxation of the fibers.

In a case of using the polyester, the fibers before the application of the heat treatment are not crimped, but the
crimped multifilament having a sufficient crimped shape can be obtained by the above heat treatment under the relax-
ation in place of the use of the jet processing method. This is a remarkable matter compared with a fact that a crimped
multifilament having a spiral shape have been only obtained by a method disclosed in Japanese Unexamined Patent
Publication (Kokai) No. 62-23816.

In a case that a crimped multifilament is used to make a carpet, it is possible to increase the quantity of the polymer
extruded from a hole to 7 to 35 g/min-hole by using the method in accordance with the present invention. This value
is larger i.e., around 2 or 3 times, compared to the value of 3 to 6 g/min-hole in a conventional polyester spinning and
thus high productivity can be attained.

To carry out effectively the method in accordance with the present invention, it is preferable to sequentially conduct
the high-speed spinning and the heat treatment, or the high-speed spinning, the heat treatment and the drawing. The
most effective one is that the high-speed spinning and crimping treatment in which the high-speed spinning is first
conducted and the heat treatment is applied to the filament without drawing.

The process in which the crimped multifilament is manufactured by using sequentially the spinning process, the
drawing process and the crimping process has been disclosed in, for example, U.S. Patent No. 3,854,177. But the
maximum spinning speed of the known continuous process is 4000 m/min at most. The continuous process having
the speed of 4,000 m/min or more can be attained by the present invention for the first time.

Various embodiments in accordance with the present invention and comparative examples will be described here-
after. Measuring methods of characteristics of a crimped filament in accordance with the present invention are described
hereafter.

(A) Temperature of a filament

Atemperature of afilament is measured in a non-contact state by a scanning type infrared pyrometer arranged
along a spinning line.
(B) Strength and elongation

A strength and elongation of the multifilament is measured by TENSILON UTM-I-20 tensiometer supplied
from Toyo Boldwin Co., Ltd. under conditions of an initial length of 20 cm, and a tensile speed of 20 cm/min.
(C) Distribution of birefringence index and eccentricity

When a cross-sectional shape of a filament is a circle, a distribution of a birefringence index and its eccentricity
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can be measured by a transmission quantitative interference microscope. When the cross-sectional shape of the
filament is an odd shape, the distribution of the birefringence index and its eccentricity can be found by dyeing a

filament and observing the dyed filament by an optical microscope.

In a case that the filament has a circular cross-sectional shape

These are measured by an interference fringes method using a transmission quantitative interference microscope
(INTERFACO supplied by Carl Zeiss Yener Co., Ltd.). A green light having a wavelength of 549 mu is used, filaments
are immersed in the encapsulant which is inert to filaments and having the refractive index (N) so as to impart a deviation
within the range of 0.2 to 2 wavelength of the green light to the interference fringes, the interference fringe pattern is
photographed which is formed when the filament axis is so arranged as to be perpendicular to the optical axis of the
interference microscope and the interference fringes, and the obtained photograph is enlarged by about 1500 magni-
fications to analyze it.

The analysis is made in the same way as embodiments described in Japanese Examined Patent Publication
(Kokoku) No. 64-8086 in detail.

In the case of the filament having a circular section, there are observed V-shaped or U-shaped interference fringes
as shown in Fig. 11. Fig. 3(C) is a schematic view showing an eccentric distribution of the birefringence index of the
crimped filament in accordance with the present invention. The difference of the birefringent indexes between the
external layer and the internal layer of the filament is calculated from the photograph of Fig. 3(A) which is obtained by
rotating the filament in Fig. 3(C) about an axis X-X of the filament by 90°.

Now, let the radius of the filament be R, the outer layer is situated at a distance of 0.8 R from the center of the
filament in Fig. 3(A) which is denoted by Ang g. The inner layer means the center of the filament which is denoted by Any,.

The difference & (A,) in birefringent indexes can be expressed as

3 (A) = Angg - An,.

In a case that the filament has an odd cross-sectional shape

Filaments are dyed in a state that filaments are not overlapped each other under the following conditions.
o Dyeing of a polyamide filament

A weight of sample: 0.5 g

Dyestuff: Kayarus Supra Grey VGN 300% owf
Bath ratio: 1 : 500

Dyeing temperature: 98°C

Dyeing time: 30 min

o Dyeing of a polyamide filament

A weight of sample: 0.5 g

Dyestuff: Resalin Blue FBL 300% owf
Bath ratio: 1 : 500

Dyeing temperature: 85°C

Dyeing time: 90 min.

A cross-section of the dyed filament is photographed by an optical microscope. When there is a distribution of the
birefringence index and its eccentricity in the filament, a distance which the dyestuff can enter from a surface of the
filament to an inside thereof becomes irregular about a center of the filament.

(D) Crystal growth rate (IWR)

IWR is measured by a wide-angle X-ray diffractometry.

The measurement is performed by a X-ray generator (RU-200pL) supplied from Rigaku Denki Co., Ltd., a fiber
sample measuring apparatus (FS-3), a goniometer (8G-9), a scintillation counter as a counter, a pulse height analyzer
as a counting unit and a CuXa. ray (A = 10-19 m (1.5418 A)) monochromatized by a nickel filter. The X-ray generator
is operated on 30 kV and 80 mA.
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In this case, there are employed a scanning rate of 4°/min, a chart speed of 10 mm/min, a time constant of 1 s, a
collimator of 2 mm¢, and a receiving slit 1.9 mm high and 3.5 mm wide.

In a case of polyamide

When a polyhexamethylene adipamide is used as the polyamide, two main reflections appear on the equator as
shown in Fig. 10.

From the lower angle side, there are seen reflections at plane (100) and plane {(010) + (110)}, respectively. A base
line is defined as a straight line which links two points on a diffraction strength curve corresponding to 26 = 7° and 26
= 35°. A diffraction strength is defined as a length of a perpendicular line drawn from each peak to the base line.

A crystal growth rate (IWR) of polyamide is expressed by the following formula.

2H,

IWR =1 - ——

H

2 3

where H; is the minimum diffraction strength between plane (100) and plane {(010) + (110)}, H, is the maximum dif-
fraction strength of plane (100), and Hj is the maximum diffraction strength of plane {(010) + (110)}. The nearer to 1
the value of IWR comes, the higher the crystal growth rate is.

When a polycaproamide is used as the polyamide, a crystal growth rate is defined as growth of y type crystalline.

In general, the polycaproamide has two crystalline forms, i.e., a.type and ytype, and there are three main reflections
on the equator. Namely from the lower angle side, there are seen reflections at plane (200) of a type crystalline, at
plane (020) of v type crystalline and at plane {(202) + (002)} of o type crystalline.

In this case, IWR is defined as a fraction of v type crystalline obtained by a method of R. F. Stepaniak described
in "Journal of Applied polymer Science". Vol. 283 1747-1757, 1979. A separation of a X-ray diffraction peak is performed
by RAD-C system multiple peak separation program supplied from Rigaku Denki Co., Ltd. and a computer.

In a case of polyester

In general, polyester presents three main reflections on the equator as shown in Fig. 11.

From the lower angle side, there are depicted three main reflections at plane (100), (010), and (110), respectively
within the range of 26 = 17° to 26°. A base line is defined as a straight line which links two points on a diffraction
strength curve corresponding to 26 = 7° and 26 = 35°. A diffraction strength is defined as a length of a perpendicular
line drawn from each peak to the base line. Let the diffraction strength at the valley between the plane (010) and the
plane (170) to H, , and the diffraction strength at the peak of (170) to be H, , the crystal growth rate (IWR) is expressed
by the following formula.

H1
IWR =1 -
H2

The nearerto 1 the value of IWR comes, the higher the crystal growth rate is. Hy is the maximum diffraction strength
of plane {(010) + (110)}

(E) Crystal perfection index

In a case of polyamide

A X-ray diffraction strength curve obtained by a measuring method according to ACS is used as a measurement
of a crystal perfection index.

A method used to obtain ACS is, for example, a method using an equation of Scherrer described in the champt 7
of "X-ray diffraction of high polymer". L. E. Alexander, published from Kagaku Dojin Shuppan.

A base line is defined as a straight line which links two points on a diffraction strength curve corresponding to 26
=7° and 26 = 35°. A vertical line is arranged between a peak point on the diffraction strength curve and the base line,
and a middle point is marked at a half position of the vertical line. A horizontal line passing through the middle is
described against the diffraction strength curve. When the two main reflections are clearly separated, the horizontal
line can crosses two shoulders corresponding to the peak of the diffraction strength curve, but when the separation is
inferior, the horizontal line can only cross one shoulder. A width of the horizontal line between two cross points is
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measured. When the horizontal line crosses only one shoulder, a distance between one cross point and the middle

point is measured and the obtained value is multiplied by two. A line width is defined as a value obtained by changing
the above value to a radian expression, respectively. The line width is further corrected by the following method.

b= B2 . p2

Wherein: B stands for the line width measured by the above described method
b stands for Brodning constant and is a line width of a peak of reflection at plane (111) of Si single crystal

and changed as a radian expression, i.e., a half band width,

An apparent size of a micro crystal is obtained by the following equation

ACS (107% m (A)) = k\/B-cos®

A method of Dismore and Statton is used to obtain the crystal perfection index (CPI).
CPI can be obtained by the following equation.

Spacing of refraction at plane (100) ) 1]
Spacing of refractions at plane {(010) + (110)}

CPI (%) = [

wherein: A is 0.189.
The nears to 100 the value of CPI, the higher the perfection of the crystal is.

(F) Number of crimps

A measurement of a number of crimps is performed according to JIS L 1015 by using a photograph as shown in
Fig. 1(A).

When the crimped filaments wound on a package is left to stand for extended periods of time as it is under high
tension, there is a fear that the number of crimps and the crimp extensibility are apparently lessened, thus failing to
show a true value. Accordingly in the crimp measurements of the present invention, the crimped filaments are heat-
treated by boiling water under a condition of 98°C x 5 min, and then are left to stand in a room at a constant temperature
and humidity (temperature of 20°C + 2°, relative humidity of 65% + 2%) for twenty-four hours. The moisture-conditioned
filaments are loaded with 2 mg/(g per 9000 m) (2 mg/d) to measure the number of crimps per 2.54 cm (1 inch).

In view of unevenness of samples, ten points are measured for each sample to obtain a mean value.

(G) Crimp extensibility

Filaments are formed into a small hank of 20 turns using a counter wheel with a circumference of 1.125 m. The
obtained hank is heat-treated by boiling water under no load at 98°C for 5 minutes, and then are left to stand in a room
at a constant temperature and humidity (temperature of 20 + 2°C, relative humidity of 65 + 2%) for twenty-four hours.
The moisture-conditioned filaments are loaded with 2 mg/(g per 9000 m) (2 mg/d), and one minute later the length €,
of hank is measured. Next, the small hank is loaded with 0.1 g/(g per 9000 m) (0.1 g/d), and one minute later the length
£, of hank is measured. The crimp extensibility is expressed as follows.

€, -4,
Crimp extensibility = 7 X 100 (%)
2

In view of unevenness of samples, ten points are measured for each sample to obtain a mean value.
(H) Fastness to crimp

The sample whose crimp extensibility has been measured is loaded with 250 mg/(g per 9000 m) (250 mg/d), and
one minute later the load is removed. Subsequently the crimp extensibility is again measured. Let the former and the

latter value of the crimp extensibility to be CE; and CE, respectively, a fastness to crimp can be represented by the
following expression.
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) CE,
Fastness to crimp = CE. x 100 (%)
1

Providing the fastness to crimp is not less than about 60%, there is free from any inconveniences in practice.
(I) Crimp generation ratio under load

This is a method of measuring a force generating crimp under a load. Filaments are formed into a hank of 8 turns
using a lap reel with a circumference of 1.0 m and folded to have a hank having a length of 50 cm. The hank is first
loaded with 0.1 mg/(g per 9000 m) (0.1 mg/d) by using a load weight and then the weight is successively increased
from 0.2 mg/(g per 9000 m) (0.2 mg/d) to 1.6 mg /(g per 9000 m) (1.6 mg/d) at an interval of 0.2 mg/(g per 9000 m)
(0.2 mg/d). In this test, the hank is immersed into hot water controlled at 60 °C £ 1 °C. A length € (cm) of the hank after
1 minute from the time that the hank is immersed into the hot water is measured, and the crimp generation ratio is
obtained by the following equation.

Crimp generation ratio = %{ x 100 (%)

(J) Unevenness of fiber surface

Using a scanning electron microscope, the surface of the fiber is photographed by a known method at a magnifi-
cation of 2000 diameters.

(K) Degree of odd shape

A degree of odd shape of a filament having a trilobate cross section is obtained by the following equation
b
Degree of odd shape = 3

wherein

a stands for a diameter of a circle inscribed concave portions in a cross section of a filament
b stands for a diameter of a circle, circumscribed convex portions in a cross section of a filament.

(L) Evaluation of carpet property

An evaluation of the property of a carpet is an evaluation performed by a visual inspection and a handling inspection
of an expert and an evaluation performed in Japanese Carpet Inspection Associates (Foundation) according to JIS L
1021.

Embodiment 1

A nylon 66 composed substantially of a polyhexamethylene adipamide having a relative viscosity nrel of 2.9 is
spun by using a spinning and crimping apparatus shown in Fig. 6. The relative viscosity is measured by using 1%
solution of 95% H,SO,. A rectangle spinneret having 68 holes a shape of which is a trilobate equally spaced with three
slits having a length of 0.70 mm and a width of 0.15 mm is used as the spinneret.

Nylon 66 is extruded by an extrusion rate of 9.8 g/min-hole at a spinning temperature of 300°C, and taken out at
a speed of 600 m/min as a multifilament of 1000 g/9000 m (1000d).

A non-heated type heat insulating tube having a length 20 cm is arranged in a state sealed with a spinning face
of the spinneret on a lower portion of the spinneret. The multifilament is cooled by a cool air blown from an air chamber
and having a temperature of 20°C at a speed of 0.3 m/sec.

Water is applied to one side of the filaments from a direction opposite the blowing direction of the cool air by a
separating nozzle shown in Fig. 6 to perform asymmetrical cooling. A quantity of the water applied to the filament is
around 30 wi%. Next, an oil is applied to the filament by an oil feeding nozzle and then the multifilament are continuously
fed through a taking roll having a circumferential speed of 6,000 m/min and a temperature of 200°C to a jet stuffer
nozzle, to apply a crimping treatment to the filaments. In the taking operation, the multifilament is not applied with a
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EP 0 455 831 B1

drawing operation. A heated and compressed gas having a temperature of 250 °C and a pressure of 4.9 bar (5 kg/
cm?2) is used in the crimping treatment.

The crimped multifilament is cooled and then wound to a cheese-like package at a winding speed of 5,100 m/min,
and a relaxation ratio of the multifilament of around 15% is used.

Properties of the various crimped multifilaments having a random crimp obtained by changing a position of a water
applying roll from the spinning face of the spinneret are shown in Table 1. In Table 1, properties of multifilament before
applying the crimping treatment can be obtained by measuring a multifilament wound directly from the taking roll on a
cheese-like package.

Next, the properties of the crimped multifilament in a case that a carpet is manufactured from the crimped multi-
filament are compared. The multifilament of (1150 g/9000 m) per 68 f (1150 d/68 f) in Examples 1 to 6 are applied with
a S-twist of 40 T/meter, respectively, three twisted multifilaments are plied and the plied multifilaments are applied with
a twist of 40 T/meter to have a tuft yarn, respectively. Loop carpets having a weight per unit area of 750 g/m?2 are
manufactured by piercing the tuft yarn under conditions of a pile length of 6 mm and 2.9 stitch/cm (7.4 stitch/inch). The
obtained carpets are dyed with a ready-made three primary color dyestuff, i.e., a dyestuff blended with Tectilon Yellow
4R, Tectilon Red 2B and Tectilon Blue 4G supplied from Ciba Geigy.

A carpet manufactured from the crimped multifilament No. 6 has a disorder of pile raws, inferior bulkiness and lack
of useability of a commercial product.

Carpets manufactured from the crimped multifilaments No. 1 to 5 have a good alignment of the piles and a superior
bulkiness.

The carpets of the crimped multifilaments No. 1 to No. 5, have a compression ratio of 41 to 42%, a compressive
modulus of 90 to 91% and a thickness reduction ratio under a dynamic loading operations of 10000 times of 14 to 15%,
respectively, and result in a sufficient performance as a carpet.

A nylon 66 crimped multifilament obtained by treating a nylon 66 crimped multifilament by an injecting treatment
apparatus disclosed in Japanese Examined Patent No. 58-30423 under a condition by which the same value of crimp
extensibility as that of the crimped multifilament of Example 2 can be obtained, is prepared as a comparative example,
and a crimp generating-ratio of the crimped multifilaments of Example No. 2 and the comparative example are meas-
ured.

Fig. 12 shows a relationship between the crimp generating ratio and a load applied to the multifilament for the both
multifilaments.

As shown in Fig. 12, the crimped multifilament in accordance with the present invention has an extremely higher
crimp generation ration compared with that of the conventional crimp multifilament.
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EP 0 455 831 B1
Embodiment 2

This Embodiment 2 aims to measure a distribution of a birefringence index of a crimped multifilament obtained in
the Embodiment 1.

Various crimped multifilaments are manufactured by the same method as that of Embodiment 1, except that a
nylon 66 having a relative viscosity nrel of 2.6 is spun at a temperature of 295°C by using a spinneret including spinning
holes having a diameter of 0.35 mmg.

Properties of the obtained crimped multifilaments are shown in Table 2.
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EP 0 455 831 B1
Embodiment 3
A multifilament of a nylon 66 and constituted with filaments of 20 d is manufactured by a high speed spinning

method which is the same as that of the Embodiment 1.
A relationship between the spinning speed and an extrusion rate per a hole are as follows.

Spinning speed: Extrusion rate per a hole:
3,000 m/min; 12.0 g/min-hole
Spinning speed: Extrusion rate per a hole:
4,000 m/min; 12.4 g/min-hole
Spinning speed: Extrusion rate per a hole:
5,000 m/min; 11.1 g/min-hole
Spinning speed: Extrusion rate per a hole:
6,000 m/min; 13.3 g/min-hole
Spinning speed: Extrusion rate per a hole
7,000 m/min; 15.6 g/min-hole

A water is applied to the multifilament on a position below 200 cm from a spinneret by the separate nozzle system.
Namely, a water applying roll is arranged on a position blow from a surface of the spinneret. A spinning speed is
changed from 3,000 m/min to 7,000 m/min. A temperature of the filament applied with water during the above range
of the spinning speed may be around 170°C to 180°C. Next an oil is applied to the filament by an oil feeding nozzle,
and the multifilament is not applied with drawing operation, but directly fed into a jet stuffer apparatus shown in Fig. 6,
and the multifilament is applied with the same crimping treatment as that of Embodiment 1 but this relaxation ratio of
the multifilament is around 15.

In cases that the spinning speeds of 3,000 m/min and 4,000 m/min are used in the present embodiment, a roll 7
in Fig. 6 is heated at 150°C, and the multifilament are drawn at a drawing ratio of 1.8 and 1.4, respectively. The drawing
operation is not applied to cases using the spinning speeds of 5,000 m/min, 6,000 m/min and 7,000 m/min.

Properties of the obtained crimped multifilaments are shown in Table 3.

Examples No. 6 to 8 in Table 3 are comparative examples obtained without an asymmetrically cooling operation
applying an aqueous liquid, and the filament of the examples No. 2 to No. 5 have a distribution in which a birefringence
index is deviated.

A degree of odd shapes of a cross section of each filament in this embodiment is between 1.7 and 1.8, and thus
a cross sectional shape of each filament is a trilobate.

As shown in Table 3, the crimped multifilament obtained by applying an aqueous liquid at a spinning speed of
4,000 m/min or more in accordance with the present invention has superior generation and fastness of the crimp, and
the filament has no irregular surface thereon and has superior transparency.
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EP 0 455 831 B1
Embodiment 4

This Embodiment 4 aims to measure a distribution of a birefringence index of a crimped multifilament obtained in
the Embodiment 3.

Various crimped multifilaments are manufactured by the same method as that of Embodiment 3, except that a
nylon 66 having a relative viscosity nrel of 2.6 is spun at a temperature of 295°C by using a spinneret including spinning
holes having a diameter of 0.35 mmg.

Properties of the obtained crimped multifilaments are shown in Table 4.

As shown in Table 4, the crimped multifilament obtained by applying an aqueous liquid at a spinning speed of
4,000 m/min or more in accordance with the present invention has superior crimp and fastness thereof, and the filament
has completely no irregular surface thereon.
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Embodiment 5

In this embodiment, several treatment temperatures in a jet stuffer are used for multifilaments of Example No. 3
and Comparative Example No. 6 in Embodiment 1 to apply a crimping treatment as shown in Table 5. A constant
pressure of 4.9 bar (5 kg/cm?) is used as the pressure of a heated and compressed gas.

Properties of the obtained crimped multifilaments are shown in Table 5.

As shown in Table 5, when a treatment temperature of 150°C or more is used, a superior crimped multifilament
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can be obtained.
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Embodiment 6

A nylon 6 composed substantially of a polycaproamide having a relative viscosity nrel of 3.2 is spun by using a
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EP 0 455 831 B1

spinning and crimping apparatus shown in Fig. 6. The relative viscosity is measured by using 1% solution of 95%
H>S0O4. The nylon 6 is extruded from a spinneret having 68 holes a diameter of which is 0.35 mm¢, at a temperature
of 290 °C, and a multifilament of 1000 g/9000 m (1000 d) is spun and taken out at a speed of 6,000 m/min. Another
example of multifilaments are spun and taken out by using, a spinneret having 68 holes of trilobate shape constituted
with three slits having a same length of 0.70 mm and a same width of 0.15 mm. An extrusion rate of the nylon 6 is 9.8
g/min-hole.

A heat tube having a length of 20 cm and an inner temperature of which is 200°C are arranged on a lower portion
of the spinneret, and the multifilament is cooled by an cool air having a temperature of 20°C and a speed of 0.3 m/s
and blown from a cool air chamber.

Water is applied to one side of the filaments having a temperature of 155°C at a position below 250 cm from the
spinneret by a separating nozzle shown in Fig. 6 to perform asymmetrical cooling. A quantity of the water applied to
the filament is around 20 wt%. Next, an oil is applied to the filament by an oil feeding nozzle and then the multifilament
are continuously fed through a taking roll having a circumferential speed of 6,000 m/min and a temperature of 180°C
o a jet stuffer nozzle, to apply a crimping treatment to the filaments. In the taking operation, the multifilament is not
applied with a drawing operation. The treatment conditions in this case are a temperature of 230 °C, a pressure of 4.9
bar (5 kg/cm?2) and a relaxation ratio of 9 %. The obtained crimped multifilament has a random crimp.

Properties of the various crimped multifilaments are shown in Table 6.

Table 6
1000d/68f round section | 1000d/68f trilobate section

Degree of odd shape 1.81
Strength [g/(g per 9000 m) (g/d)] 3.3 3.1
Elongation (%) 54 55
Difference in birefringent indexes & (An) x 10-3 12 unmeasurable
Presence of eccentricity yes yes
IWR 0.288 0.287
Number of crimps [pcs/cm (pcs/in)] 51 (13) 7.1 (18)
Crimp extensibility (%) 18 27
Fastness to crimp (%) 80 80
Presence of unevenness on surface no no

Embodiment 7

A polyethyleneterephthalate having an intrinsic viscosity n of 0.62 is spun by a spinning machine as shown in Fig.
6 using a spinneret having 24 holes a diameter of which is 0.35 mm¢ at a temperature of 300°C. A heating tube of an
aluminum body in which a heater is embedded and having an inner diameter of 12 cm and a length of 25 cm is in a
state such that a gap between a spinning face of the spinneret and the heating tube is not made on a lower portion of
the spinneret, and a temperature of the heater is determined at 250°C.

The multifilament coming out from the heating tube is cooled by cool air having a temperature of 20°C and a speed
of 0.30 m/s blown from a laterally blown cool air chamber, and a water of a room temperature is applied to the multi-
filament by 40 wi% for a weight of the multifilament to perform asymmetrical cooling. A position of the asymmetrical
cooling caused by the application of the water is 50 cm below the spinning face of the spinneret. A temperature of the
multifilament in this position is around 180°C to 190°C in a range of the spinning speed as shown in Table 7.

The multifilament applied with the asymmetrical cooling is further applied with an oil, to make the multifilament of
(50 g/9000 m) per 24 T (50 d/24 f) without drawing, and is wound. Different spinning speeds are used in this embodiment
as shown in Table 7.

A position of a neck point appearing in a spinning operation and measured from the spinneret is a value measured
when the water is not applied. The measurements are performed by a diameter instrument type 460 /2 supplied from
ZIMMER GmbH and observation with the naked eye, and values obtained by the both methods are identical.

When the water is applied, it is confirmed that the neck is generated at a position of 50 cm below the spinning face
of the spinneret in the all cases. Further it is confirmed that all multifilaments obtained by applying the water have a
distribution in which the birefringence index is eccentric, but those multifilaments before applying a heat treatment are
multifilaments having no crimp.

Next, those multifilaments are applied with a crimping treatment without drawing by an apparatus shown in Fig. 7.
Rolls 7 and 7' are not heated and has a constant circumferential speed of 3,000 m/min in this case. A heated and
compressed air having a temperature of 240 °C and a pressure of 2.0 bar (2 kg/cm?) is supplied from a jet stuffer
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EP 0 455 831 B1

nozzle. A relationship between the roll 7' and a roll 11 is determined in such a manner that a boiling shrinkage ratio of
the obtained crimped multifilament becomes to around 1% or less.

IWR of the multifilament before applying the crimping treatment and properties of the crimped multifilament are
shown in Table 7.

Unevenness of a surface of the crimped multifilament is not appeared and the surface is smooth in the crimped
multifilament in this embodiment.

As shown in Table 7, the polyester crimped multifilament in accordance with the present invention has a superior
crimp and fastness thereto in accordance with a presence of the eccentricity.
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EP 0 455 831 B1
Embodiment 8

This embodiment is a case that a polyester crimped multifilament is cut to have a staple fiber and a spun yarn is
manufactured of the staple fiber.

In the embodiment 7, a rectangle spinneret having 250 holes constituted by aligning 50 holes spaced with a pitch
of 6 mm to a hole line and arranging 5 hole lines with a distance of 6 mm between them is used. A heating tube having
a lengthwise length of 35 cm and a lateral length of 15 cm in a cross section and a length of 25 cm is arranged on a
position below the spinning face of the spinneret.

Non-crimped multifilament of (500 g/9000 m) per 250 f (500 d/250 f) is spun under the same condition as those appeared
in No. 2 using a spinning speed of 6,000 m/min and No. 6 in Table 7 corresponding the embodiment 7.

Application of the water is performed by a roll system shown in Fig. 9(A) and using a roll having a diameter of 3
cm and a length of 35 cm. Next obtained non-crimped multifilament is applied with the same heat treatment as that
used in the embodiment 7 to have a crimped multifilament.

The obtained two crimped multifilaments are cut to staple fibers having a biased cut staple diagram of fiber lengths
between 80 m and 110 mm. Those staple fibers are supplied to a roller card having a diameter of 152 ¢cm (60 inch) to
perform a carding test of the obtained staple fibers.

A carding operation is performed without trouble for the staple fiber corresponding No. 2 of the embodiment 7 and
a sliver in which neps are not generated can be obtained. A spun yarn of 1/40 Nm is spun from this sliver.

The staple fiber corresponding to No. 6 of the embodiment 7 cannot be processed in a card due to a greatly
generation of an opener waste at an exit of a press cylinder of the card.

Embodiment 9

This embodiment corresponds to the embodiment 7 except that a fiber having an odd shaped cross section is used.

In this case, a spinneret having 24 holes a shape of which is a trilobate constituted with three same slots having
a length of 0.28 mm and a width of 0.06 mm.

The same spinning conditions as those in the embodiment 7 are used, and a measurement of a neck point gen-
erated in a spinning process are by a naked eye observation.

Properties of the polyester crimped multifilament are shown in Table 8. A degree of odd shape is between 1.8 and
1.9.
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EP 0 455 831 B1
Embodiment 10

The polyethylene terephthalate is spun under the same conditions as those in the embodiment 7, an asymmetrical
cooling and an oil applying is applied, and then a multifilament is taken at a spinning speed of 6,500 m/min without
drawing. A water application is applied by a nozzle system shown in Fig. 9(B) and the water of a room temperature is
applied to the fiber by 100 wi% thereof. A position where the asymmetrical cooling is applied is determined to different
positions for examples.

Diameter of a filament is changed at a position applied with a water in the all examples and thus generation of the
neck is confirmed.

The multifilament applied with the water has an eccentric distribution of the birefringence index and has no the
crimp.

After the application of the water, the multifilament is continuously applied with a crimping treatment by using a
treating apparatus shown in Fig. 6 without a taking operation to have a crimped multifilament of (50 g/9000 m) per 24
f (50 d/24 f). In this treatment using a jet stuffer nozzle, a temperature of 250 °C and a constant pressure of 3.9 bar (4
kg/cm?2) are used, and a relaxation ratio is determined in such a manner that a boiling shrinkage ratio of the crimped
multifilament becomes to around 1 % or less.

IWR of the multifilament before applying the crimping treatment and properties of the crimped multifilament are
shown in Fig. 9.

Unevenness of a surface of the crimped multifilament is not appeared and the surface is smooth in the crimped
multifilament in this embodiment.

As shown in Table 9, the polyester crimped multifilament in accordance with the present invention has a superior
crimp and fastness thereto. Further this polyester crimped multifilament has a feature that an initial modulus thereof
is small. Soft and bulky handling can be obtained in a knitted fabric of this polyester crimped multifilament due to the
above feature.
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EP 0 455 831 B1
Embodiment 11
A crimped multifilament is manufactured by the same conditions as those of No. 2 in Table 9 corresponding the
example 10, except that a quantity of the water applying to the filament is changed as shown in Table 10. In the example

in the above No. 2, the water is applied to the filament a temperature of which is 200°C.
Properties of the obtained crimped multifilament are shown in Table 10.
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EP 0 455 831 B1

CAPABILITY OF EXPLOITATION IN INDUSTRY

A crimped multifilament in accordance with the present invention has superior transparency and bulkiness as a

continuous filament and when the crimped multifilament are used to a carpet or a raised fabric, a product having a
fastness and high-class feeling can be obtained. When the crimped multifilament is used as a staple fiber, there is no
trouble in a card processability and a spinningability and thus it is possible to blend this staple fiber with another material,
such as a wool or a cotton.

A A manufacturing method in accordance with the present invention has no trouble in a spinning process and

crimping process of the crimped multifilament and thus the crimped multifilament can be easily manufactured at a high
speed, accordingly the manufacturing method in accordance with the present invention has a high productivity and an
extremely high industrial value.

Claims

10.

11.

12.

A three-dimensional crimped multifilament composed of a thermoplastic polymer, wherein a birefringence index
measured at an outer layer of a filament constituting said multifilament is larger than that of a birefringence index
measured at a central portion of the filament, and said filament has a distribution in which a position having a
smallest value of the birefringence index deviates from the center axis of the filament, characterized in that said
filament has random crimps (20) of at least 3.9 crimps per cm (10 crimps per inch).

The crimped multifilament according to claim 1 which is a polyamide crimped multifilament composed of a polya-
mide polymer, wherein the filament constituting said multifilament has a crystal growth rate of 0.2 or more which
is measured by a wide-angle X-ray diffractometry.

The polyamide crimped multifilament according to claim 2, characterized in that a section of the filament constituting
said multifilament is circular and difference of the birefringence index between an outer layer and an inner layer
of the filament is between 5 x 103 and 45 x 103,

The polyamide crimped multifilament according to claim 2, characterized in that a crystal growth rate measured
by the wide-angle X-ray diffractometry is 0.25 or more.

The polyamide crimped multifilament according to claim 2, characterized in that said filament has random crimps
(20) of at least 4.7 crimps per cm (12 crimps per inch).

The polyamide crimped multifilament according to claim 2, characterized in that a surface of said filament is smooth.

The polyamide crimped multifilament according to claim 2, characterized in that a polyhexamethylene adipamide
is used as said polyamide and a crystal perfection index measured by a wide-angle X-ray diffractometry is 70%
or more.

The crimped multifilament according to claim 1 which is a polyester crimped multifilament composed of a polyester
polymer, wherein the filament constituting said multifilament has a crystal growth rate of 0.4 or more which is
measured by a wide-angle X-ray diffractometry.

The polyester crimped multifilament according to claim 8, characterized in that a section of the filament constituting
said multifilament is circular and difference of the birefringence index between an outer layer and an inner layer
of the filament is between 20 x 103 and 100 x 103,

The polyester crimped multifilament according to claim 8, characterized in that a crystal growth rate measured by
the wide-angle X-ray diffractometry is 0.5 or more.

A polyester staple fiber, composed of a crimped multifilament as defined in claim 8.
A method for manufacturing a polyamide crimped multifilament according to any of claims 2 to 7 by melt spinning
a polyamide, wherein the multifilament extruded from a spinneret (2) is asymmetrically cooled by applying an

aqueous liquid to one side of the multifilament up to a state that a temperature of a filament constituting said
multifilament becomes 100 °C or more, and then is taken out at the spinning rate of 4,000 m/min or more, and a
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taken multifilament is drawn at the drawing ratio between 1.0 and 1.5, and then is applied with a liquid injecting
treatment at a temperature of 150 °C or more.

The method according to claim 12, characterized in that the aqueous liquid is applied to the one side of the mul-
tifilament up to a state that the filament is cooled to 130°C or more.

The method according to claim 12, characterized in that the aqueous liquid is applied to the one side of the mul-
tifilament having a state in which filaments constituting the multifilament are mutually separated.

A method for manufacturing a polyamide crimped multifilament according to any of claims 2 to 7 by melt spinning
a polyamide, wherein the multifilament extruded from a spinneret (2) is asymmetrically cooled by applying an
aqueous liquid to one side of the multifilament up to a state that a temperature of a filament constituting said
multifilament becomes 100 °C or more, then is taken out at the spinning rate of 5,000 m/min or more, and then is
applied with a liquid injecting treatment at a temperature of 150 °C or more.

The method according to claim 12, characterized in that the liquid injecting treatment is applied at the temperature
of 180°C or more.

The method according to claim 12, characterized in that the taking out operation and the liquid injecting treatment
are continuously applied.

A method for manufacturing a polyester crimped multifilament according to any of claims 8 to 10 by melt spinning
a polyester, wherein the multifilament extruded from a spinneret (2) is asymmetrically cooled by applying an aque-
ous liquid to one side of the multifilament up to a state that a temperature of a filament constituting said multifilament
becomes 150 °C or more, and then is taken out at the spinning rate of 5,000 m/min or more, and a taken multifil-
ament is drawn at the drawing ratio between 1.0 and 1.5, and then is applied with a heat treatment under relaxation
at a temperature of 150 °C or more.

The method according to claim 18, characterized in that the aqueous liquid is applied to the one side of the mul-
tifilament up to a state that the filament is cooled to 200 °C or more.

The method according to claim 12, characterized in that the aqueous liquid is applied to the one side of the mul-
tifilament having a state in which filaments constituting the multifilament are substantially arranged in a plane.

A method for manufacturing a polyester crimped multifilament according to any of claims 8 to 10 by melt spinning
a polyester, wherein the multifilament extruded from a spinneret (2) is asymmetrically cooled by applying an aque-
ous liquid to one side of the multifilament up to a state that a temperature of a filament constituting said multifilament
becomes 150 °C or more, then is taken out at the spinning rate of 5,000 m/min or more, and then is applied with
a heat treatment under relaxation at a temperature of 150 °C or more.

The method according to claim 18, characterized in that the heat treatment under relaxation is a liquid injecting
treatment.

The method according to claim 18, characterized in that the taking out operation and the heat treatment under
relaxation are continuously applied.

Patentanspriiche

1.

Dreidimensionales gekrauseltes Multifilament, das aus einem thermoplastischen Polymer besteht, wobei der an
einer auBeren Schicht eines das Multifilament aufbauenden Filaments gemessene Doppelbrechungsindex gréBer
ist als der an einem mittleren Teil des Filaments gemessene Doppelbrechungsindex und das Filament eine Ver-
teilung hat, bei der die Stelle mit dem kleinsten Wert des Doppelbrechungsindex von der Mittelachse des Filaments
abweicht, dadurch gekennzeichnet, daB das Filament statistische Krauselungen (20) in einer Anzahl von wenig-
stens 3,9 Krauselungen pro cm (10 Krauselungen pro inch) aufweist.

Gekrauseltes Multifilament geman Anspruch 1, bei dem es sich um ein gekrduseltes Polyamidmultifilament han-
delt, das aus einem Polyamidpolymer besteht, wobei das Filament, das das Multifilament aufbaut, eine durch
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Réntgenweitwinkeldiffraktometrie gemessene Kristallwachstumsgeschwindigkeit von 0,2 oder mehr hat.

Gekrauseltes Polyamidmultifilament geman Anspruch 2, dadurch gekennzeichnet, daf3 der Querschnitt des Fila-
ments, das das Multifilament aufbaut, kreisférmig ist und der Unterschied des Doppelbrechungsindex zwischen
einer AuBeren Schicht und einer inneren Schicht des Filaments zwischen 5 x 10-3 und 45 x 103 liegt.

Gekrauseltes Polyamidmultifilament gemaf Anspruch 2, dadurch gekennzeichnet, da die durch Réntgenweit-
winkeldiffraktometrie gemessene Kristallwachstumsgeschwindigkeit 0,25 oder mehr betragt.

Gekrauseltes Polyamidmultifilament gemafn Anspruch 2, dadurch gekennzeichnet, daf3 das Filament statistische
Krauselungen (20) in einer Anzahl von wenigstens 4,7 Krauselungen pro cm (12 Krauselungen pro inch) aufweist.

Gekrauseltes Polyamidmultifilament geman Anspruch 2, dadurch gekennzeichnet, daf3 die Oberflache des Fila-
ments glatt ist.

Gekrauseltes Polyamidmultifilament gemafn Anspruch 2, dadurch gekennzeichnet, daB3 als Polyamid ein Polyhe-
xamethylenadipamid verwendet wird und der durch Réntgenweitwinkeldiffraktometrie gemessene Kristallperfek-
tionsindex 70% oder mehr betragt.

Gekrauseltes Multifilament gemaB Anspruch 1, bei dem es sich um ein gekrauseltes Polyestermultifilament han-
delt, das aus einem Polyesterpolymer besteht, wobei das Filament, das das Multifilament aufbaut, eine durch
Réntgenweitwinkeldiffraktometrie gemessene Kristallwachstumsgeschwindigkeit von 0,4 oder mehr hat.

Gekrauseltes Polyestermultifilament gemafn Anspruch 8, dadurch gekennzeichnet, daB der Querschnitt des Fila-
ments, das das Multifilament aufbaut, kreisférmig ist und der Unterschied des Doppelbrechungsindex zwischen
einer &uBeren Schicht und einer inneren Schicht des Filaments zwischen 20 x 10-3 und 100 x 1072 liegt.

Gekrauseltes Polyestermultifilament gemafn Anspruch 8, dadurch gekennzeichnet, daB die durch Réntgenweit-
winkeldiffraktometrie gemessene Kristallwachstumsgeschwindigkeit 0,5 oder mehr betragt.

Polyesterstapelfaser, die aus einem gekrauselten Multifilament geman Anspruch 8 besteht.

Verfahren zur Herstellung eines gekrauselten Polyamidmultifilaments geman einem der Anspriiche 2 bis 7 durch
Schmelzverspinnen eines Polyamids, wobei das aus einer Spinndise (2) extrudierte Multifilament asymmetrisch
durch Aufbringen einer waBrigen Flissigkeit auf eine Seite des Multifilaments soweit abgekihlt wird, bis die Tem-
peratur eines Filaments, das das Multifilament aufbaut, 100°C oder mehr betragt, und dann mit einer Spinnge-
schwindigkeit von 4000 m/min oder mehr herausgenommen wird und das aufgenommene Multifilament mit einem
Streckverhéltnis zwischen 1,0 und 1,5 gestreckt wird und dann einer Fllssigkeitsinjektionsbehandlung bei einer
Temperatur von 150°C oder mehr unterzogen wird.

Verfahren gemaf Anspruch 12, dadurch gekennzeichnet, daB3 die waBrige Flissigkeit solange auf die eine Seite
des Multifilaments aufgebracht wird, bis sich das Filament auf 130°C oder darliber abgekihlt hat.

Verfahren gemé&B Anspruch 12, dadurch gekennzeichnet, daf3 die waBrige Flussigkeit auf die eine Seite des Mul-
tifilaments aufgebracht wird, das sich in einem Zustand befindet, bei dem die Filamente, die das Multifilament
aufbauen, voneinander getrennt sind.

Verfahren zur Herstellung eines gekrauselten Polyamidmultifilaments geman einem der Anspriiche 2 bis 7 durch
Schmelzverspinnen eines Polyamids, wobei das aus einer Spinndise (2) extrudierte Multifilament asymmetrisch
durch Aufbringen einer waBrigen Flissigkeit auf eine Seite des Multifilaments soweit abgekihlt wird, bis die Tem-
peratur eines Filaments, das das Multifilament aufbaut, 100°C oder mehr betragt, und dann mit einer Spinnge-
schwindigkeit von 5000 m/min oder mehr herausgenommen wird und dann einer Flissigkeitsinjektionsbehandlung
bei einer Temperatur von 150°C oder mehr unterzogen wird.

Verfahren gemaf Anspruch 12, dadurch gekennzeichnet, daf3 die Flissigkeitsinjektionsbehandlung bei einer Tem-
peratur von 180°C oder mehr durchgeflhrt wird.

Verfahren gemaf Anspruch 12, dadurch gekennzeichnet, daf3 die Operation des Herausnehmens und die Flis-
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sigkeitsinjektionsbehandlung kontinuierlich durchgefihrt werden.

Verfahren zur Herstellung eines gekrauselten Polyestermultifilaments gemaf einem der Anspriiche 8 bis 10 durch
Schmelzverspinnen eines Polyesters, wobei das aus einer Spinndise (2) extrudierte Multifilament asymmetrisch
durch Aufbringen einer waBrigen Flissigkeit auf eine Seite des Multifilaments soweit abgekihlt wird, bis die Tem-
peratur eines Filaments, das das Multifilament aufbaut, 150°C oder mehr betragt, und dann mit einer Spinnge-
schwindigkeit von 5000 m/min oder mehr herausgenommen wird und das aufgenommene Multifilament mit einem
Streckverhéltnis zwischen 1,0 und 1,5 gestreckt wird und dann einer Warmebehandlung unter Relaxation bei einer
Temperatur von 150°C oder mehr unterzogen wird.

Verfahren gemafi Anspruch 18, dadurch gekennzeichnet, daB3 die waBrige Flissigkeit solange auf die eine Seite
des Multifilaments aufgebracht wird, bis sich das Filament auf 200°C oder darliber abgekihlt hat.

Verfahren gemé&B Anspruch 12, dadurch gekennzeichnet, daf3 die waBrige Flussigkeit auf die eine Seite des Mul-
tifilaments aufgebracht wird, das sich in einem Zustand befindet, bei dem die Filamente, die das Multifilament
aufbauen, im wesentlichen in einer Ebene angeordnet sind.

Verfahren zur Herstellung eines gekrauselten Polyestermultifilaments gemaf einem der Anspriiche 8 bis 10 durch
Schmelzverspinnen eines Polyesters, wobei das aus einer Spinndise (2) extrudierte Multifilament asymmetrisch
durch Aufbringen einer waBrigen Flissigkeit auf eine Seite des Multifilaments soweit abgekihlt wird, bis die Tem-
peratur eines Filaments, das das Multifilament aufbaut, 150°C oder mehr betragt, und dann mit einer Spinnge-
schwindigkeit von 5000 m/min oder mehr herausgenommen wird und dann einer Warmebehandlung unter Re-
laxation bei einer Temperatur von 150°C oder mehr unterzogen wird.

Verfahren gemé&Bn Anspruch 18, dadurch gekennzeichnet, dal3 die Warmebehandlung unter Relaxation eine Fliis-
sigkeitsinjektionsbehandlung ist.

Verfahren gemaf Anspruch 18, dadurch gekennzeichnet, dafi die Operation des Herausnehmens und die War-
mebehandlung unter Relaxation kontinuierlich durchgefihrt werden.

Revendications

Multifilament frisé tridimensionnel composé d'un polymére thermoplastique, dans lequel un indice de biréfringence
mesuré a une couche extérieure d'un filament constituant le multifilament est supérieur a l'indice de biréfringence
mesuré a une partie centrale du filament, et le filament a une distribution dans laquelle une position ayant une
valeur la plus petite de l'indice de biréfringence s'écarte de I'axe central du filament, caractérisé en ce que le
filament a des frisures arbitraires (20) d'au moins 3,9 frisures par centimétre (10 frisures par pouce).

Multifilament frisé suivant la revendication 1 qui est un multifilament frisé de polyamide composé d'un polymére
de polyamide, dans lequel le filament constituant le multifilament a un taux de croissance cristalline de 0,2 ou
supérieur a 0,2 qui est mesuré par diffractométrie des rayons X a grand angle.

Multifilament frisé de polyamide suivant la revendication 2, caractérisé en ce qu'une section du filament constituant
le multifilament est circulaire et la différence de l'indice de biréfringence entre une couche extérieure et une couche

intérieure du filament est comprise entre 5 x 103 et 45 x 103,

Multifilament frisé de polyamide suivant la revendication 2, caractérisé en ce qu'un taux de croissance cristalline
mesuré par diffractométrie des rayons X a grand angle est de 0,25 ou est supérieur a 0,25.

Multifilament frisé de polyamide suivant la revendication 2, caractérisé en ce que le filament a des frisures arbi-
traires (20) d'au moins 4,7 frisures par centimétre (12 frisures par pouce).

Multifilament frisé de polyamide suivant la revendication 2, caractérisé en ce qu'une surface du filament est lisse.
Multifilament frisé de polyamide suivant la revendication 2, caractérisé en ce qu'un polyhexaméthyléne-adipamide

est utilisé comme polyamide et un indice de perfection cristalline mesuré par diffractométrie des rayons X a grand
angle est de 70% ou est supérieur & 70%.
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Multifilament frisé suivant la revendication 1 qui est un multifilament frisé de polyester composé d'un polymére de
polyester, dans lequel le filament constituant le multifilament a un taux de croissance cristalline de 0,4 ou supérieur
a 0,4 qui est mesuré par diffractométrie des rayons X a grand angle.

Multifilament frisé de polyester suivant la revendication 8, caractérisé en ce qu'une section du filament constituant
le multifilament est circulaire et la différence de l'indice de biréfringence entre une couche extérieure et une couche
intérieure du filament est comprise entre 20 x 10 et 100 x 1073,

Multifilament frisé de polyester suivant la revendication 8, caractérisé en ce qu'un taux de croissance cristalline
mesuré par diffractométrie des rayons X & grand angle est de 0,5 ou est supérieur & 0,5.

Fibre discontinue de polyester, composée d'un multifilament frisé tel que défini & la revendication 8.

Procédé pour fabriquer un multifilament frisé de polyamide suivant I'une quelconque des revendications 2 & 7 par
filage en fusion d'un polyamide, dans lequel le multifilament extrudé par une filiere (2) est refroidi de fagcon asy-
métrique en appliquant un liquide aqueux d'un c¢été du multifilament jusqu'a un état ou une température d'un
filament constituant le multifilament est égale a 100°C ou supérieure & 100°C, puis est extrait a la vitesse de filage
de 4000 m/min ou supérieure & 4000 m/min, et un multifilament extrait est étiré au taux d'étirage compris entre
1,0 et 1,5, puis subit I'application d'un traitement par injection d'un liquide & une température de 150°C ou supé-
rieure & 150°C.

Procédé suivant la revendication 12, caractérisé en ce que le liquide aqueux est appliqué d'un cété du multifilament
jusqu'a un état ou le filament est refroidi a 130°C ou plus de 130°C.

Procédé suivant la revendication 12, caractérisé en ce que le liquide aqueux est appliqué d'un cété du multifilament
ayant un état dans lequel des filaments constituant le multifilament sont mutuellement séparés.

Procédé pour fabriquer un multifilament frisé de polyamide suivant I'une quelconque des revendications 2 & 7 par
filage en fusion d'un polyamide, dans lequel le multifilament extrudé par une filiere (2) est refroidi de fagcon asy-
métrique en appliquant un liquide aqueux d'un c¢été du multifilament jusqu'a un état ou une température d'un
filament constituant le multifilament est égale a 100°C ou supérieure & 100°C, puis est extrait a la vitesse de filage
de 5000 m/min ou supérieure & 5000 m/min, et subit ensuite I'application d'un traitement par injection d'un liquide
a une température de 150°C ou supérieure a 150°C.

Procédé suivant la revendication 12, caractérisé en ce que le traitement par injection d'un liquide est appliqué a
la température de 180°C ou supérieure & 180°C.

Procédé suivant la revendication 12, caractérisé en ce que l'opération d'extraction et le traitement par injection
d'un liquide sont appliqués continuellement.

Procédé pour fabriquer un multifilament frisé de polyester suivant I'une quelconque des revendications 8 & 10 par
filage en fusion d'un polyester, dans lequel le multifilament extrudé par une filiere (2) est refroidi de fagon asymé-
trique en appliquant un liquide aqueux d'un c6té du multifilament jusqu'a un état ol une température d'un filament
constituant le multifilament est égale & 150°C ou supérieure & 150°C, puis est extrait a la vitesse de filage de 5000
m/min ou supérieure & 5000 m/min, et un multifilament extrait est étiré au taux d'étirage compris entre 1,0 et 1,5,
puis subit l'application d'un traitement thermique sous relaxation a une température de 150°C ou supérieure a
150°C.

Procédé suivant la revendication 18, caractérisé en ce que le liquide aqueux est appliqué d'un cété du multifilament
jusqu'a un état ou le multifilament est refroidi & 200°C ou plus de 200°C.

Procédé suivant la revendication 12, caractérisé en ce que le liquide aqueux est appliqué d'un cété du multifilament
ayant un état dans lequel des filaments constituant le multifilament sont sensiblement disposés dans un plan.

Procédé pour fabriquer un multifilament frisé de polyester suivant I'une quelconque des revendications 8 & 10 par
filage en fusion d'un polyester, dans lequel le multifilament extrudé par une filiere (2) est refroidi de fagon asymé-
trique en appliquant un liquide aqueux d'un c6té du multifilament jusqu'a un état ol une température d'un filament
constituant le multifilament est égale & 150°C ou supérieure & 150°C, puis est extrait a la vitesse de filage de 5000
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m/min ou supérieure & 5000 m/min, et subit ensuite I'application d'un traitement thermique sous relaxation a une

température de 150°C ou supérieure a 150°C.

Procédé suivant la revendication 18, caractérisé en ce que le traitement thermique sous relaxation est un traitement

par injection d'un liquide.

Procédé suivant la revendication 18, caractérisé en ce que l'opération d'extraction et le traitement thermique sous

relaxation sont appliqués continuellement.
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Filg. 1(A)

40



EP 0 455 831 B1

Filg. 1(B)
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Fig. 4(A) Filg. 4(B)
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Fig. 5(A)
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Filg 9(A)
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