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(54 FIBRE POLYURETHANE ABSORBANT L’EAU ET METHODE

POUR LA PRODUIRE

54y WATER-ABSORPTIVE POLYURETHANE FIBER AND
METHOD OF PRODUCING THE SAME

(57) Une fibre polyuréthane insoluble dans 1’eau, non
ionique, absorbant I’eau, qui posseéde simultanément un
haut pouvoir d’absorption de 1’eau et une excellente
résistance physique, est produite par extrusion d’une
composition de résines polyuréthanes thermoplastiques a
une température supérieure a4 son point de fusion. La
composition de résines polyuréthanes thermoplastiques,
qui possede un taux d’absorption de I’eau se situant dans
la gamme allant de 200 a 3 000 %, est obtenue en faisant
réagir un polyisocyanate, un polyol d’éther
polyalkylénique soluble dans 1’eau, ayant un poids
moléculaire moyen de 2 000-13 000, et un allongeur de
chaine présent avec un rapport équivalent (rapport R) du
nombre équivalent de groupements NCO et du nombre
équivalent de groupements OH situé dans la gamme
alant de 1,0 a 1,8. On divulgue aussi une méthode pour
produire cette fibre.

I*I Industrie Canada  Industry Canada

(57) A water-insoluble, nonionic water-absorptive
polyurethane fiber that combines the properties of high
water absorptivity and excellent physical strength is
produced by extrusion from a thermoplastic
polyurethane resin composition at a temperature higher
than its melting point. The thermoplastic polyurethane
resin composition, which has a water absorption rate
within the range of 200-3,000%, is obtained by reacting
a  polyisocyanate compound, a  water-soluble
polyalkylene ether polyol having an average molecular
weight of 2,000-13,000 and a chain extender at an
equivalent ratio (R ratio) between the equivalent number
of NCO groups and the equivalent number of OH groups
in the range of 1.0 to 1.8. Also provided is a method of
producing the water-absorptive polyurethane fiber.
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ABSTRACT OF THE DISCLOSURE

A water-insoluble, nonionic water-absorptive
polyurethane fiber that combines the properties of high
water absorptivity and excellent physical strength is
produced by extrusion from a thermoplastic polyurethane
resin composition at a temperature higher than its melting
point. The thermoplastic polyurethane resin composition,
which has a water absorption rate within the range of 200-
3,000%, is obtained by reacting a polyisocyanate compound,
a water-soluble polyalkylene ether polyol having an average
molecular weight of 2,000-13,000 and a chain extender at an
equivalent ratio (R ratio) between the equivalent number of
NCO groups and the equivalent number of OH groups in the
range of 1.0 to 1.8, Also provided is a method of

producing the water-absorptive polyurethane fiber.
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WATER-ABSORPTIVE POLYURETHANE FIBER

AND METHOD OF PRODUCING THE SAME

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a water-absorptive
polyurethane fiber using a water-absorptive thermoplastic
polyurethane resin material and to a method of producing
the same. More particularly, this invention relates to an
insoluble and nonionic water-absorptive polyurethane fiber
with potential utility in environmental fields, including
water treatment and deodorization, as well as in civil
engineering, medicine and other fields, and to a method of
producing the same.

Description of the Background Art

Known gdranular polymers exhiﬁiting high water-
absorptivity include resins obtained by subjecting a
polyacrylic acid polymer, a polyvinylalcohol polymer or the
1ike to a suitable degree of crosslinking, starch-graft
resins, and the like. Among fibrous types are the so-
called water-absorptive fibers, including acrylonitrile
composite fibers having a carboxyl acid salt group
introduced into a part of the surface layer, polyacrylic
acid polymer fiber, anhydrous maleic acid fiber,
polyvinylalcohel fiber, alginic acid fiber and the 1like
(see Japanese Patent Public Disclosures No. 1-280069 and

No. 3-279471).
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The conventional water-absorptive fibers have the
following drawbacks:
1) The water-absorptive fibers imparted with a carboxyl
group or other ionic hydrophilic group become tacky upon
water absorption and do not readily absorb ionic agueous
solutions and aqueous solutions containing an organic
solvent. -
2) Most of the water-absorptive fibers have low physical
strength upon water absorption and when imparted with a
crosslinked structure to confer adequate physical fiber
strength become fibers that are poor in water absorption
and swelling.
3) Most of the conventional water—absorptive'fibers are
short fibers that require a binder or the like when, for
example, converted into the form of non-woven fabric, and,
as such, are low in form impartibility.
4) None offer a material having the excellent water
retention, hydrophilicity, water absorptivity,
biocompatibility and resistance to physical strength
degradation upon water absorption that are needed for use
in wide~-ranging fields such as water treatment,
deodorization, civil engineering and medicine.

Based on the results of a study directed to
finding a solution to these problems, the inventors
developed a method of producing a water-insoluble, nonionic

water-absorptive polyurethane fiber of good processability
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that combines the properties of high water absorptivity,
high biocompétibility and excellent physical strength.
SUMMARY OF THE INVENTION

To overcome the aforesaid shortcomings of the
prior art, this invention utilizes as a thermoplastic
polyurethane resin composition for constituting a water-
absorptive polyurethane fiber a thermoplastic polyurethane
resin obtained by reacting a polyisocyanate compound, a
water-soluble polyalkylene ether polyol having a weight
average molecular weight of 2,000-13,000
and a chain extender at an equivalent ratio between the
equivalent number of OH groups possessed by the water-
soluble polyalkylene ether peclyol and the chain extender
and the equivalent number of NCO groups possessed by the
polyisocyanate compound, the equivalent ratio being
defined as R ratio (Equation (1)), falling within the range
of 1.0 to 1.8, the thermoplastic polyurethane resin
composition having a water abscrption rate as defined by

Equation (2) falling within the range of 200-3,000%:

NCO group equivalent number

R ratio =
OH group equivalent number

Equation (1)

27076-12
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Water absorption rate (%) =

Completely swollen weight in water (g)
-~ Bone-dry welght (g)

X100
Bone-dry weight (qg)

Equation (2),

completely swollen weight being defined as weight when no
further weight change occurs during soaking in 25°C pure
water and bone-dry weight being defined as weight when no
further weight loss occurs during drying at 100°C.

The water-absorptive polyurethane fiber according
to the invention may be produced by
holding the thermoplastic polyurethane resin composition at
a temperature not lower than its melting point to put it in
a molten state and extruding the molten thermoplastic
polyurethane resin composition from a nozzle.

In one of its aspects, the method of producing a
water-absorptive polyurethane fiber according to the
invention is characterized in comprising the steps of
helding the thermoplastic polyurethane resin composition at
a temperature not lower than its melting point to put it in
a molten state, extruding the molten thermoplastic
polyurethane resin composition from a nozzle, and
concurrently cooling the extruded
thermoplastic polyurethane resin.

In another of its aspects, the method of
producing a water-absorptive polyurethane fiber according
to the invention is characterized in comprising the steps

-4 -

27076-12



10

15

20

25

CA 02243367 1998-07-16

of holding the thermoplastic polyurethane resin composition
at a temperature not lower than its melting point to put it
in a molten state, extruding the molten thermoplastic
polyurethane resin composiﬁioh from a nozzle, and
concurrently drawing, and cooling the extruded
thermoplastic polyurethane resin.

In another of its aspects, the method of
producing a water-absorptive polyurethane fiber according
to the invention is characterized in comprising the steps
of holding the thermoplastic polyurethane resin composition
at a temperature not lower than its melting point to put it
in a molten state, extruding the molten thermoplastic
polyurethane resin composition from a nozzle, cooling the
extruded thermoplastic polyurethane resin and subjecting
the cooled thermoplastic polyurethane resin to secondary
drawing at a temperature at least 10°C lower than the
melting point.

The water-absorptive thermoplastic polyurethane
resin composition in this invention is a polyurethane
copolymer bonded head to tail by urethane bonding and
consists of soft segments obtained by reaction between the
polyisocyanate compound and the water-soluble polyalkylene
ether polyol and hard segments obtained by reaction between
the polyisocyanate compound and the chain extender.

Polyisocyanate compounds usable in the water-
absorptive thermoplastic polyurethane resin composition in

this invention include, for example, tolylene diisocyanate,

27076-12
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4,4'diphenylmethane diisocyanate, naphthalene diisocyanate,
xylylene diisocyanate, 4,4'dicyclohexylmethane diisocyanate,
hexamethylene diisocyanate, 1isophoron diisocyanate and other
aromatic, aliphatic, alicyclic isocyanates and the like,
triisocyanate and tetraisocyanate.. Among these, 4,4'-
diphenylmethane diisocyanate 1s preferable from the points of
reactivity with the water-soluble polyalkylene ether polyol,
fiber properties, easy availability, etc.

The water-soluble polyalkylene ether polyol used in
the water-absorptive thermoplastic polyurethane resin
composition in this invention 1s preferably a water-soluble
ethylene oxide-propylene oxide copolymer polyether polyol,
ethylene oxide-tetrahydrofuran copolymer polyether polyol or
polyethylene glycol having two or more terminal hydroxyl
groups per molecule. The ethylene oxide content.is preferably
70% by weight or greater, more preferably 85% by weight or
greater. At an ethylene oxide content of less than 70% by
weight, the water absorption rate of the resin composition may
be low.

The number of crosslinking points can be increased
and the physical strength of the resin composition improved by
concurrent use of small amount of a polyol other than a diol.

The average molecular weilght of the water-soluble
polyalkylene ether polyol used in this invention is a weight
average molecular weight and is preferably in the range of
2,000-13,000, more preferably 4,000-8,000, and is considered
to exert a major effect on the water absorption rate of the

resin. When the average molecular weight of the water-soluble

- 6 -
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polyalkylene ether polyol 1is low, the molecular weight of the
soft segments decreases and there is observed a tendency for
the water absorption rate of the resin to decrease as a
result. An average molecular weight exceeding 13,000 is
undesirable because 1t 1is likely tb increase the viscosity
during synthesis, raise the melting point and have other
adverse effects.

The water-soluble polyalkylene ether polyol used in
this invention can be used as a mixture of several types
differing in number of terminal hydroxyl groups per molecule,
molecular weight and ethylene oxide content.

The chain extender used in this invention can be a
polyol having a molecular weight of 30-1,000 and at least two
(preferably two) hydroxyl groups. Specific examples 1include
ethylene glycol, 1,2-propylene glycol, 1,3—propyiene glycol,
1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 1,6-
hexanediol, 2,2-dimethyl-1,3-propanediol, diethylene glycol,
dipropylene glycol, 1,4-cyclohexanedimethanol, 1,4-bis-(pB-
hydroxyethoxy)benzene, p-xylylenediol, phenyldiethanolamine
and methyldiethanolamine.

The chain extender used in this invention can also
be a normal chain polyalkylene ether polyol having a molecular
weight of not more than 1000 and possessing two or more OH
groups per molecule. Specific examples include ethylene

oxide-propylene oxide copolymer polyether polyol,

27076-12
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ethylene oxide-tetrahydrofuran copolymer polyether polyol
and polyethylene glycol having two or more terminal

hydroxyl groups per molecule and a molecular weight of not

more than 1000. The ethylene oxide content is preferably
70% or greater, more preferably 85% or greater. At an

ethylene oxide content of less than 70%, the water
absorption rate of the resin composition may be low.

The ratio between the contents of the water-
soluble polyalkylene ether polyol and the chain extender
used in the invention can be varied depending on the
molecular weights of these compounds and the physical
properties desired of the thermoplastic polyurethane resin
composition upon water absorption.

The ratio between the sum of 'thé OH group
equivalent numbers of the two compounds and the equivalent
number of the NCO groups possessed by the polyisocyanate
compound, called the "R ratio," is preferably in the range
of 1.0-1.8, more preferably 1.0-1.6.

Thus this invention not only permits use of
complete polyurethane copolymers having undergone thorough
polymer synthesis reaction but also permits use of
incomplete thermoplastic polyurethanes, 1i.e., permits
polyurethane copolymers having remaining active groups such
as isocyanate groups to be used by subjecting them to
crosslinking after formation.

Increased intermolecular crosslinking for

enhancing the physical strength after water absorption and

27076-12
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the water resistance of the resin can be achieved by
increasing the equivalent number of the NCO groups.
However, the equivalent number of the NCO groups must be
within the aforesaid range to secure a high water
absorption rate.

One way of obtaining an equivalent number of the
NCO groups falling within the prescribed range is to first
react the water-soluble polyalkylene ether polyol and the
polyisocyanate compound and then block some of the NCO
groups in the polyisocyanate compound obtained with a
monoalcohol.

Monoalcohols usable for the purpose include
methanol, ethanol, butanol, ethylene glycol monomethyl
ether, diethylene glycol monomethyl ether and ?olyethylene
glycol monomethyl ether. Polyethylene glycol monomethyl
ether is best for enhancing the water absorption rate of
the resin.

The water-absorptive thermoplastic polyurethane
resin composition in this invention can be synthesized
either by the prepolymer method of reacting the water-
soluble polyalkylene ether polyol and the polyisocyanate
compound first and then reacting the result with thé chain
extender or the one-shot method of mixing all of the
reaction materials at one time.

The water absorption rate of the thermoplastic
polyurethane resin composition in this invention is defined

by Equation (2):
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Water absorption rate (3) =

Completely swollen weight in water (g)
- Bone-dry weight (9)

A X100
Bone-dry weight (g)

Equation (2),

completely swollen weight being defined as weight when no
further weight change occurs during soaking in 25°C pure
water and bone-dry weight being defined as weight when no
further weight loss occurs during drying at 100°C.

When the water absorption rate is less than 200%,
the description "water-absorptive resin" isvinappropriate.
When the water absorption rate is greater than 3,000%, the
thermoplastic polyurethane resin composition félls so low
in physical strength upon water absorption as to lose its
utility. Although the aspect ratio of the water-absorptive
polyurethane fiber of this invention (length/diameter) is
not limited, wind-up during production, and subsequent
processing and transport of the product are facilitated
when the aspect ratio is greater than 100.

The diameter of the water-absorptive polyurethane
fiber of the invention is preferably in the range of 0.1-
20mm in view of the strength required of the swollen fiber
in actual use. When water-absorptive polyurethane fiber of
the invention is processed into braided rope, woven cloth
or the like, a diameter of 0.2-2mm is sufficient to prevent
breakage of the braided rope or woven cloth by twisting or
bending of the swollen fiber. The water-absorptive

- 10 -
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polyurethane fiber of the invention swells 1.2-1.5 fold in
the radial direction.

The method of this invention produces a water-
absorptive polyurethane fiber by holding a thermoplastic
polyurethane resin composition produced in the foregoing
manner at a temperature not lower than its melting point
put lower than its decomposition temperature, extruding the
molten thermoplastic polyurethane resin composition from
the nozzle of an extruder, and concurrently cooling and
taking up (e.g., winding) the extruded thermoplastic
polyurethane resin.

The three methods set out below are available for
regulating the diameter of the polyurethane fiber. These
methods can be selected or combined as appropriate in light
of the melting point and molten viscosity of the raw
material thermoplastic polyurethane resin composition and
the desired diameter of the polyurethane fiber.

(1) Extruding the thermoplastic polyurethane
resin composition from a nozzle matched to the desired
diameter of the polyurethane fiber, followed by cooling and‘
wind-up.

(2) Drawing the thermoplastic polyurethane resin
composition extruded from a nozzle to the desired diameter
while still molten, followed by cooling and wind-up.

(3) Cooling the thermoplastic polyurethane resin
composition extruded from a nozzle and subjecting the

cooled thermoplastic polyurethane resin to secondary

- 11 -
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drawing to the desired diameter at a temperature at least
10°C lower than the melting point, followed by wind-up.

The water-absorptive polyurethane fiber obtained
by any of these methods swells with water absorption. Of
particular note, however, is that the water-absorptive
polyurethane fiber produced by method (3}, which is
obtained by subjecting a thermoplastic polyurethane resin
composition formed into a fiber to secondary drawing,
swells in the diameter direction with water absorption
while simultaneously shrinking in the longitudinal
direction to its length prior to the secondary drawing.
This action is thought to occur because the dislocation of
the polymer molecules caused by the secondary drawing is
relieved by water molecules invading betweenlthe polymer
molecules at the time of water-swelling. It is
irreversible.
Example of Specific Procedure

The invention will now be explained with
reference to an example of the specific procedure employed.

The required amount of water-soluble polyalkylene
ether polyol having an average molecular weight of 2,000~
13,000 is cast into a reactor equipped with a stirrer.
Preheating is conducted at a temperature not less than
100°C under a nitrogen gas atmosphere to drive off the
water content of the water-soluble polyalkylene ether

polyol.
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The temperature in the reactor is then set to
110-140°C. The required amount of a polyisocyanate
compound is added to the reactor with stirring to effect
prepolymer reaction. Upon completion of the prepolymer
reaction, the required amount of a chain extender is added
with stirring. The product is spread by pouring it onto a
vat treated with a release agent and, if required, reacted
at a temperature not higher than 200°C to complete the
reaction with the chain extender and thereby obtain a
thermoplastic polyurethane resin composition. The
prepolymer reaction and the reaction with the chain
extender can, if necessary, be promoted by use of an
organometallic or amine catalyst.

The thermoplastic polyurethane resin composition
produced in this manner is supplied to an extruder either
after cooling a pulverization or directly in molten state.
The extruder used is a single- or multi-axial screw mixing
extruder that effects melting by heating under application
of shearing force. A melting point of 180-230°C 1is
suitable.

The thermoplastic polyurethane resin composition
extruded from the extruder nozzle is drawn to the required
diameter under cooling, applied with oil and wound up. The
forced air cooling method is preferably adopted. Water
cooling is undesirable because it causes local water
absorption and swelling of the polyurethane fiber.

EXAMPLES

- 13 -
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The invention will now be explained with
reference to specific examples. It is not, however,
limited to the described examples.

Example 1

One hundred parts by weight of polyethylene
glycol having an average molecular weight of 2,000 used as
the water-soluble polyalkylene ether polyol was placed in
a reactor equipped with a stirrer. Preheating was
conducted at 110°C for 1 hour under a nitrogen gas
atmosphere to drive off the water content of the
polyethylene glycol. The temperature in the reactor was
then set to 130°C.

Twenty-five parts by weight of
4,4'diphenylmethane diisocyanate was added to the reactor
as the polyisocyanate compound and prepolymer reaction was
effected for two hours with stirring. Upcon completion of
the prepolymer reaction, 1.19 parts by weight of 1,4-
putanediol was added to the reactor as a chain extender and
stirring was conducted for 1 hour. (All reactions after
preheating were conducted at 130°C.)

Upon completion of the reaction, the product was
spread by pouring it onto a vat treated with a release
agent and heat treated at 100°C for 4 hours to obtain a
thermoplastic polyurethane resin composition.

The thermoplastic polyurethane resin compositicn
produced in this manner was cooled and then crushed into

fine particles. The particles were supplied directly to a

- 14 -
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multi-axial screw mixing extruder and melted by heating to
180-230°C under application of shearing force. The
thermoplastic polyurethane resin composition extruded from
the extruder nozzle was drawn to a diameter of 1mm under
concurrent forced air cooling and then coated with oil and
wound up to a length of 100m.
Example 2

Thermoplastic polyurethane resin composition was
obtained in the same manner as in Example 1 except that 100
parts by weight of polyethylene glycol having an average
molecular weight of 6,000, 8.3 parts by weight of
4,4'diphenylmethane diisocyanate, and 0.4 part by weight of
1,4-butanediol were used. Polyurethane fiber was produced
by the same method as in Exanmple 1.
Example 3

Thermoplastic polyurethane resin composition was
obtained in the same manner as in Example 1 except that 100
parts by weight of polyethylene glycol having an average
moiecular weight of 10,000, 5.0 parts by weight of
4,4'diphenylmethane diisocyanate, and 0.24 part by weight
of 1,4-butanediol were used. Polyurethane fiber was
produced by the same method as in Example 1.
Comparative Example 1

Thermoplastic polyurethane resin composition was
obtained in the same manner as in Example 1 except that 100
parts by weight of polyethylene glycel having an average

molecular weight of 1,000, 50 parts by weight of
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4,4'diphenylmethane diisocyanate, and 2.38 parts by weight
of 1,4-butanediol were used. Polyurethane fiber was

produced by the same method as in Example 1.

- 16 -
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Table 2
Example Example | Example Comparative
1 2 3 Example 1
PEG 2,000 6,000 10,000 1,000"
molecular
weight
Polyol
Parts by 100 100 100 100
weight/mole 0.05 0.017 0.01 0.1
Polyiso- MDI
cyanate parts by 25 8.3 5.0 50
weight/mole 0.1 0.034 0.02 0.2
Chain BDO
extender parts by ~1.19 0.4 0.24 2.38
weight/mole 0.0125 0.004 0.0025 0.025
R ratio 1.6 1.6 1.6 1.6
swelling rate (%) 350 1,280 2,430 180"

similarly produced.

2.

water-insoluble,

* OQutside invention scope

PEG:

MDI:

BDO:

Polyethylene glycol

1,4-butanediol

4,4'diphenylmethane diisocyanate

Examples 4-6 and Comparative Examples 2-4 were

The results are shown in Tables 1 and

The method of this invention thus provides a

fiber.

nonionic water-absorptive polyurethane

- 18 -
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A water-absorptive polyurethane fiber obtained by
extruding a thermoplastic polyurethane resin produced by
reacting a polyisocyanate compound, & water-soluble
polyalkylene ether polyol having a welght average molecular
weight of 2,000-13,000 and a chaln extender at an equivalent
ratio (R ratio) of OH groups in the water-soluble polyalkylene
ether polyol and the chain extender to NCO groups in the
polyisocyanate compound, within the range of 1.0 to 1.8, the
thermoplastic polyurethane resin having a water absorption
rate within the range of 200-3,000%, and the extrusion being
effected with the thermoplastic polyurethane resin composition
held at a temperature not lower than its melting point to be
in a molten state,

wherein the R ratio is defined by the following equation:

NCO group equivalent number

R ratio =
OH group equivalent number

Equation (1)
the water absorption rate is defined by the following
equation:
Water absorption rate (%) =
Completely swollen weight in water (g)

- Bone-dry weight (g)
X 100

Bone-dry weight (g)
Equation (2),
where the completely swollen weight is defined as a

- 19 -
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welght when no further weight change occurs during soaking in
25°C pure water and the bone-dry weight is defined as a weight

when no further weight loss occurs during drying at 100°C.

2. A water-absorptive polyurethane fiber according to
claim 1, wherein the water-soluble polyalkylene ether polyol

is polyethylene glycol.

3. A water-absorptive polyurethane fiber according to
c¢laim 1 or 2, wherein the water-soluble polyalkylene ether
polyol has a weight average molecular weight in the range of

4,000-8,000.

4, A water-absorptive polyurethane fiber according to
claim 1, wherein the water-soluble polyalkylene ether polyol
is ethylene oxide-propylene oxide copolymer polyether polyol

having an ethylene oxide content of 70% or greater.

5. A water-absorptive polyurethane fiber according to
any one of claims 1 to 4, wherein the claim extender 1is a

polyol having a molecular weight of 30-1,000.

6. A water-absorptive polyurethane fiber according to
claim 5, wherein the chain extender is at least one member
selected from the group consisting of ethylene glycol, 1,2-
propylene glycol, 1,3-propylene glycol, 1,3-butanediol, 1,4-
putanediol, 1,5-pentanediol, 1,6-hexanediol, 2,2-dimethyl-1,3-
propane diol, diethylene glycol, dipropylene glycol, 1,4-

- 20 -
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cyclohexanedimethanol, 1,4-bis(B-hydroxyethoxy)benzene, p-
xylylenediol, phenyldiethanolamine, methyldiethanolamine,
polyethylene glycol having a molecular weight of not more than
1000 and ethylene oxide-propylene oxide copolymer polyether

polyol having a molecular weight of not more than 1000.

7. A water-absorptive polyurethane fiber according to
claim 5, wherein the chain extender 1is 1, 4-butanediol.

8. A water-absorptive polyurethane fiber according to
any one of claims 1 to 7, wherein the polyisocyanate compound

is an aromatic diisocyanate.

9. A water-absorptive polyurethane fiber according to
claim 8, wherein the aromatic diisocyanate 1is 4,4’ -

diphenylmethane diisocyanate.

10. A water-absorptive polyurethane fiber according to
any one of claims 1 to 9, which 1s obtained by extruding the
thermoplastic polyurethane resin maintained in a molten state
at a temperature not lower than its melting point but lower
than its decomposition temperature, from a nozzle of an

extruder.

11. A water-absorptive polyurethane fiber according to
any one of claims 1 to 10, which has a diameter of 0.1 to 20

mm.

27076-12
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12. A method of producing a water absorptive
polyurethane fiber of any one of claims 1 to 11, comprising
the steps of:

holding the thermoplastic polyurethane resin at a
temperature not lower than its melting point to keep the resin
in a molten state,

extruding the molten thermoplastic polyurethane resin
from a nozzle of an extruder, and

concurrently cooling the extruded thermoplastic

polyurethane resin.

13. A method of producing a water-absorptive
polyurethane fiber of any one of claims 1 to 11, comprising
the steps of:

holding the thermoplastic polyurethane resiﬁ at a
temperature not lower than its melting point to keep the resin
in a molten state,

extruding the molten thermoplastic polyurethane resin
from a nozzle of an extruder, and

concurrently drawing and cooling the extruded

thermoplastic polyurethane resin.

14. A method of producing a water-absorptive
polyurethane fiber of any one of claims 1 to 11, comprising
the steps of:

holding the thermoplastic polyurethane resin at a
temperature not lower than 1its melting point to keep the resin

in a molten state,
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extruding the molten thermoplastic polyurethane resin
from a nozzle of an extruder,

cooling the extruded thermoplastic polyurethane resin,
and

subjecting the cooled thermopiastic polyurethane resin to
secondary drawing at a temperature at least 10°C lower than

the melting point of the thermoplastic polyurethane resin.

B FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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