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ABSTRACT OF THE DISCLOSURE

The invention relates to thermoplastic polyurethanes obtainable by
reacting a polyol composition (A) which consists essentially of a
polyester-polyol (A-1) having a crystallization enthalpy of at most 70 J/g
and a number-average molecular welght of from 1000 to 5000 and a
polyether-polyol (A-2) having a number-average molecular weight of from
500 to 2500, and in which the average number, £, of the functional hydroxyl

groups existing therein falls between 2.006 and 2.100, an organic

diisocyanate (B), and a chain extender (C), at a ratio that satisfiles the

following formula:
1.00 £ b/ (a+c) < 1.10
wherein a indicates the number of moles of all polyols constituting the

polyol composition (A), b indicates the number of moles of the organic

dlisocyanate (B), and c indicates the number of moles Oof the chain extender
(C); to elastic fibers comprising them; and to a method for producing
polyurethane elastic fibers by melt-spinning the thermoplastic
polyurethane. The thermoplastic polyvurethanes and the polyurethane
elastic fibers comprising them have good properties of spinning stability,

heat resistance, hot water resistance, elastic recovery, elongation and

homogeneousness of fiber.
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THERMOPLASTIC POLYURETHANES, POLYURETHANE ELASTIC FIBERS THEREFROM, AND

METHOD FOR PRODUCING THE FIBERS

BACKGROUND OF TH

L]

LNV

L

NTION

1. Field of the Invention:

The present 1nvention relates to thermoplastic polyurethanes,
polyurethane elastic fibers therefrom, and a method for producing the
fibers. The thermoplastic polyurethanes of the invention give

polyurethane fibers having good heat resistance, good hot water resistance

and good elastic recovery.

2. Description of the Prior Art:

For producing polyurethane elastic fibers, known are methods of dry
spinning, wet spinning, melt spinning, etc. Of those, polyurethane elastic
fibers as obtained according to a melt-spinning method have good
thermosettability, abrasion resistance and transparency, and, in addition,
the production costs for them are low. Therefore, the consumption thereof
1s much 1ncreasing in recent days. However, as compared with polyurethane
fibers as obtained according to a dry-spinning method, those as obtained
according to a melt-spinning method are difficult to form stiff hard

segments, and, therefore, thelr heat resistance and hot water resistance
are not satisfactory.

For these reasons, heretofore, various methods have been proposed
for improving the heat resistance and the hot water resistance of melt-spun,
polyurethane elastic fibers. One conventional method comprises forming

an 1ntermolecular crosslinked structure of polyurethanes that constitute
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fibers. For example, JF-A-48-58095, JP-B-50-10630 and JP-A-6-294012
disclose a technique of forming a crosslinked structure in the hard segment

parts of polyurethanes by the use of a trifunctional or higher

polyfunctional chain extender such as trimethylolpropane. However, the
heat resistance of the conventional polyurethanes having such a crosslinked
structure as formed in the hard segment parts is not still satisfactory,
and, therefore, the heat resistance of the polyurethane elastic fibers to
pe obtalned from them i1s not also satisfactory.

Apart from the conventional method noted above, another method has
peen proposed for obtaining polyurethane elastic fibers having reduced
residual strain and increased dynamic resiliency, which comprises
preparing a polyurethane by reacting a hydroxy-polyester (this is prepared
by reacting a glycol having a secondary hydroxyl group and a trifunctional
or higher polyalcohol with a dicarboxylic acid) and a chain extender with
an organic dilsocyanate, followed by melt-spinning the resulting

polyurethane Into polyurethane elastic fibers (see JP-B-42-3958) . However,

the heat resistance of the polyurethane elastic fibers as obtained
according to this method is still poor, and the method can not attain the
object of obtainingpolyurethane elastic fibers having good heat resistance.

In addition, having actually produced polyurethanes and polyurethane

elastic fibers according to the method of the examples described in

JP-B-42-3958, we, the present inventors have found that the fibers are

inferior in not only the heat resistance but also the hot water resistance

and other properties.

JP-B-42-5251 has proposed a method for producing polyurethane

elastic fibers, which comprises preparing a polyurethane from a polyol
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having more than two functional hydroxyl groups followed by spinning it
1in a wet chemical spinning manner. However, the wet chemical spinning in
the proposed method often gives fibers that are poorly homogeneous and have
poor abrasion resistance. On the other hand, in JP-A-59-179513 and
63-159519, 1t is disclosed that polyurethanes as produced from prepolymers
comprising soft segments from a mixture of a polyester-diol and a
polyether-diol have good solution stability during their spinning.
However, the heat resistance and the hot water resistance of the
polyurethanes disclosed therein are not satisfactory.

Glven that situation, JP-A-3-220311 discloses polyurethanes as
produced from a polyester-diol (this is prepared through reaction of a diol
containing 3-methyl-1, 5-pentanediol, and an aliphatic dicarboxylic acid
component having from 6 to 12 carbon atoms), an organic diisocyanate and
a chain extender, and fibers from the resulting polyurethanes. They say
that the polyurethane elastic fibers have good chlorine resistance,
water-proofness, funqus-proofness, elastic recovery, heat resistance, hot
water resistance and elongation. Further, JP-A-9-49120 discloses

polyurethane elastic fibers as produced from polyurethanes which are

prepared from a polyester-polyol, an organic diisocyanate and a chain

extender. They say that, when the composition of the starting component,
polyester~-polyol

for the polyurethanes is specifically defined, the uniformity of the
polyurethane fibers could be improved while the fibers preserve their good
properties such as those mentioned above. The heat resistance and the hot

‘water resistance of those polyurethane elastic fibers could be improved
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in some degree. However, it is still desired to further improve the

properties of polyurethane elastic fibers.

SUMMARY QF THE INVENTION

One object of the invention 1is to provide thermoplastic
polyurethanes having good properties of elastic recovery and elongation,
and especlally having good heat resistance and good hot water resistance,

to provide polyurethane elastic fibers comprising them, and to provide a

method for producing the fibers.

Specifically, the invention provides thermoplastic polyurethanes

obtalnable by reacting;

(1] a polyol composition (A) which consists essentially of a

polyester-polyol (A-1) having a crystallization enthalpy of at most 70 J/qg
and a number-average molecular weight of from 1000 to 5000 and a
polyether-polyol (A-2) having a number-average molecular weight of from
000 to 2500, and in which the average number, f, of the functional nydroxyl
groups existing therein and represented by the following formula (T):
£ = {number of all hydroxyl groups in the polyols constituting the

polyol composition}/{number of molecules of all polyols constitut 1Ng
the polyol composition} (1),

falls between 2.006 and 2.100,

[2] an organic diisocyanate (B), and
[3] a chain extender (C),
at a ratio that satisfies the following formula (II):
1.00 £ b/(atc) < 1.10 (IT)
wherein a indicates the number of moles of all polyols constituting the

polyol composition (A), b indicates the number of moles of the organic
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diisocyanate (B), and ¢ indicates the number of moles of the chain extender

(C) .
The invention also provides polyurethane elastic fibers comprising
the thermoplastic polyurethane noted above.

The 1nvention further provides a method for producing polyurethane

elastic fibers, which comprises melt-spinning the thermoplastic

polyurethane noted above, or comprises melt-spinning the thermoplastic

polyurethane while forming it by reacting (A), (B) and (C) in the
predetermined ratio as above.

The thermoplastic polyurethanes and the polyurethane elastic fibers
comprising them of the invention have various good properties of spinning
stabillity, heat resistance, hot water resistance, elastic recovery,
elongation and homogeneousness, and therefore have many applications in
various fields owing to such their excellent characteristics. According
to the production method of the inventinn, polyurethane elastic fibers of
high quality having various excellent characteristics such as those
mentioned above can be produced smoothly and in favorable process
characteristics from the thermoplastic polyurethanes of the invention.

Specifically, in the method, the thermoplastic polyurethanes can be stably

spun, whille suppressing increase in the pressure in the spinning pack.

L

DETAILED DESCRIPTION O

II}

1TH.

L]
L)

LNV

NTION

| -

The 1nvention is described in detail hereunder.
The thermoplastic polyurethanes of the invention are obtained DYy
reacting a polyol composition (A) that consists essentially of the

polyester-polyol (A-1) and the polyether-polyol (A-2) noted above, an

(N




CA 02276895 1999-07-05

organic diisocyanate (B) and a chain extander (C), at a ratio that satisfies

the following formula (II):
1.00 £ b/(a+c) < 1.10 (I1)
wherein a indicates the number of moles of all polyols constituting the

polyol composition (A), b indicates the mumber of moles of the organic

dllsocyanate (B), and ¢ indicates the number of moles of the chain extender
(C). If the ratio of b/ (a+c) is smaller than 1.00, the thermoplastic
polyurethanes to be produced will have a low molecular welght, and,
therefore, the polyurethane elastic fibers from them could not have good
heat resistance and good hot water resistance. On the other hand, 1f the
ratio of b/ (a+c) is larger than 1.10, the spinning stability in producing
the polyurethane elastic fibers will be poor, and, therefore, the
polyurethane elastic fibers produced could not be homogeneous. It is
desirable that the ratio of b/ (a+c) falls between 1.00 and 1.07 for further
improving the spinning stability, the heat resistance and the hot water

resistance of the thermoplastic polyurethanes and the polyurethane elastic

fibers from them.

The polyester-polyol (A-1) <constituting the thermoplastic

polyurethanes of the invention has a number-average molecular weight of

from 1000 to 5000. [T the number-average molecular weight of the
polyester-polyol (A-1) 1is smaller than 1000, the thermoplastic
polyurethanes to be obtained and the polyurethane elastic fibers from them
could not have good heat resistance and good hot water resistance. On the
other hand, if the number-average molecular welght of the polyester-polyol
(A-1) 1s larger than 5000, the spinning stability in producing the

polyurethane elastic fibers will be poor, and, therefore, the polyurethane
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elastic fibers produced could not be homogeneous. Preferably, the
number-average molecular weight of the polyester-polyol (A-1) falls
petween 1500 and 3500. The number-average molecular weight of the

polyester-polyol (A-1) and that of the polyether-polyol (A-2) which will

be described in detail hereunder are both calculated on the basis of the
hydroxyl value of those polymers as measured according to JIS K-1577.
The crystallizationenthalpy (AH) of the polyester-polyol (A-1) that
constitutes the thermoplastic polyurethanes of the invention is at most
10 J/g. 1fthecrystallization enthalpy (AH) of the polyester-polyol (A-1)
1s larger than 70 J/g, the degree of elongation and the elastic recovery
of the thermoplastic polyurethanes obtained and the polyurethane elastic
fibers from themwill lower to a great extent. The crystallization enthalpy
(AH) in this invention is preferably not lower than 0 J/g. The
crystallization enthalpy (AH) of the polyester-polyol (A-1) as referred
to herein can be measured with a differential scanning calorimeter.
Concretely, it indicates the data as measured in accordance with the method
illustrated in the examples to be mentioned hereunder.
The number-average molecular welght of the polyether-polyvol (A-

2) constituting the thermoplastic polvurethanes of the invention falls

petween 500 and 2500. If the number-average molecular weight of the
polyether-polyol (A-2) 1is smaller than 200, the thermoplastic
polyurethanes to be obtained and the polyurethane elastic fibers from them
could not have good heat resistance and good hot water resistance. On the
other hand, if the numper-average molecular weight of the polyether-polyol
(A-2) 1s larger than 2500, not only the polymerization reaction to produce

the thermoplastic polyurethanes will be difficult but also the spinning
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stabllity in producing the polyurethans elastic fibers will be poor, and,

therefore, the polyurethane elastic fibers produced could not be
homogeneous. Preferably, the number-average molecular weight of the
polyether-polyol (A-2) falls between 700 and 2300.

The polyol composition (A) constitut ing the thermoplastic
polyurethanes of the invention consists essentially of the polyester-
polyol (A-1) and the polyether-polyol (A-2). It is desirable that the
proportion«yfthose<xﬁmmnuﬂnf;(Arl)&ﬂuj(ArQ)‘Uv(Pn 1S at least 80 mole?,
more preferably at least 90mole?, based on the number of moles of all polyols
constituting the polyol composition (A), in view of the heat resistance
and the hot water resistance of the thermoplastic polyurethanes obtained
and those of the polyurethane elastic fibers from them.

The molar ratio of the polyester-polyol (A-1) to the polyether-
polyol (A-2), (A-1)/(A-2), preferably falls between 5/95 and 9%/5, more

preferably between 10/90 and 90/10. If the molar ratio is smaller than

5/95, the spinning stability in producing the polyurethane elastic fibers
will be poor, and, in addition, the degree of elongation of the fibers will
be low. On the other hand, if the molar ratlo 1s larger than 95/5, the
Chermoplastic polyurethanes obtained and the polyurethane elastic fibers

from them could hardly have good heat resistance and good hot water

resistance.

The polyol composition (A) constituting the thermoplastic
polyurethanes of the invention is so defined that the average number, f,
of the functional hydroxyl groups existing therein falls between 2.006 and

2.100. The average number, f, is represented by the following formula (7T) :
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f = {number of all hydroxyl groups in the polyols constituting the
polyol composition}/ {number of mclecules of all polyols constituting
the polyol composition} (1) .

As 1s obvious from the formula (I), the average number, f, of the
functional hydroxyl groups in (A) indicates the average number of the
hydroxyl groups per one polyol molecule in the polyol composition (A).

IT the average number, f, of the functional hydroxyl groups in the
polyol composition (A) is smaller than 2.006, the molecular welght of the
thermoplastic polyurethanes obtained could not be high, and, therefore,
not only the thermoplastic polyurethanes and the polyurethane elastic
fibers fromtjuﬂncxnﬂfihardly”havecyxxjkm%ﬂtresistaDCEeand<ymmﬂkmﬁiwater
resistance but also the spinning stability in producing the polyurethane
elastic fibers will be pocr. As a result, the polyurethane elastic fibers
produced could not be homogeneous. This Cendency 1ncreases with an
increase 1in the ratio of the polyether-polyol (A-2) to the polyester-
polyol (A-1).

On the other hand, if the average number, £, of the functional
hydroxyl groups in (A) is larger than 2.100, the heat resistance and the
hot water resistance of the thermoplastic polyurethanes obtained will be
poor. If so, in addition, the Spinning'temperaturezfor'the'thermoplastic
polyurethanes must be high. However, the thermoplastic polyurethanes
belng spun at high temperatures will be pyrolyzed to give thermally degraded
products, and their spinning stabllity is thereby worsened.

Preferably, the average number of the functional hydroxyl groups

1n the polyol composition (A) falls between 2.010 and 2.080 1n view of the
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heat resistance and the hot water resistance of the thermoplastic

polyurethanes obtained.

The polyester-polyol (A-1) for use in the invention 1S prepared by
reacting a dicarboxylic acid component with a polyalcohol component that

comprises a diol and at need a small amount of 3 trifunctional or higher
polyfunctional alcohol. The ratio of the dicarboxylic acid component to
the polyalcohol component in the polycondensation to give the
polyester-polyol (A-1) must be so defined that the average numher, f, of
the functional hydroxyl groups to be in the polyol composition (A)
contalning a predetermined amount of the polyester-polyol (A-1) falls
within thedefined range of from2.006 to 2.100 and that thepolyester-pnlyol
(A—1) has a number-average molecular welght of from 1000 to 5000.

In order that the polyester-polyol (A-1) as obtained through the
polycondensation may have a crystallization enthalpy, AH, of at most 70
J/g, as so defined herelnabove, it is preferable that a part or the whole
of the dicarboxylic acid component is a branched, acyclic dicarboxylic acid
and/or a part or the whole of the polyalcohol component is a branched,
acyclic primary diol. Regarding the proportion of the branched, acyclic
dicarboxylic acid and/or the branched, acyclic primary diol in that
preferredcase, it isdesirable that the number of moles of both the branched,
acyclic dicarboxylic acid and the branched, acyclicprimary diol is at least
10 mole%, more preferably at least 30 mole%, even more preferably at least

50 mole% and not more than 100 mole?, based on the number of moles of all

the dicarboxylic acid component and the polyalcohol component to be used

for the formation of the polyester-polyol (A-1).

10
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IT the number of moles of both the branched, acyclic dicarboxylic
acid and the branched, acvclic primary diol is smaller than 10 mole% based
on the number of moles of all the dicarboxylic acid component and the
polyalcohol component used for the formation of the polyester-polyol (A-1),

1t will be difficult to make the polyester-polyol (A-1) have a

the crystallization enthalpy, AH, of the polyester-polyol (A-1) will depart
from the range defined in the invention. It will bring about poor results
in not only the elongation and the elastic recovery but also the heat
resistance and the hot water resistance of the thermoplastic polyurethanes
that comprise the polyester-polyol, of which the crystallization enthalpy
departs from the defined range, and even those of the polyurethane elastic
fibers from them. So far as the number of moles of both the branched, acyclic
dicarboxylic acid and the branched, acyclic primary diol is at least 10
mole?, based on the number of moles of all the dicarboxylic acid component
and the polyalcohol component, the pclyester-polyol (A-1) obtained is
satlisfactory for use in the invention in any case where only the dicarboxylic
acld component for production of the polyester-polyol (A-1) contains the

pranched, acyclic dicarboxylic acid but the polyalcohol component does not

contain the branched, acyclic primary diol, or where only the polyalcohol
component contains the branched, acyclic primary diol but the dicarboxylic
acid component does not contain the pranched, acyclic dicarboxylic acid,
Oor where the dicarboxylic acid component contains the branched, acyclic

dicarboxylic acid and the polyalcohol component contains the branched,

acyclic primary diol.

11
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As the branched, acyclic dicarboxylic acid that is preferably used
for producing the polyester-polyol (RA-1), preferred are those naving a
branched, saturated aliphatic hydrocarbon chain or a branched, unsaturated
aliphatic hydrocarbon chain with a carboxyl group at both the ends of the
chain and having from 5 to 14 carbon atoms, and their ester derivatives.
Preferred examples of the branched, acyclic dicarboxylic acid of that type

Include 2-methylsuccinic acid, 3-methylglutaric acid, 2-methyladipicacid,

3-methyladipic acid, 3-methylpentane-diacid, Z-methyloctane-diacid,

3, /-dimethylsebacic acid, 3, 8=-dimethylsebacic acid, and their ester
derivatives. One or more of these branched, acyclic dicarboxylic acids
may be used either singly or in combination.

In producing the polyester-polyol (A-1), any other dicarboxylic
acids of linear dicarboxylic acids and cyclic dicarboxylic acids may be

used at need along with the branched, acyclic dicarboxylic acids ment ioned

above. Examples of the dj carboxylic acids include linear dicarboxylic
aclds such as succinic acid, glutaric acld, adipic acid, pimelic acid,
suberic acid, azelaic acid, sebacic acld, dodecane-diacid, etc.: aromatic
dicarboxylic acids such as phthalic acld, 1sophthalic acid, terephthalic
acld, naphthalenedicarboxylic acid, tetrabromophthalic acid, etc.:
alicyclic dicarboxylic acids such as cyclohexanedicarboxylic acid, etc.;
and their ester derivatives. One or more of these additional dicarboxylic
aclds may be used either singly or in combination. So far as the
polyester-polyol (A-1) satisfies the requirements of the invention, a small
amount of trifunctional or higher polyfunctional carboxylic acids such as

trimellitic acid, pyromellitic acid and the like or their ester derivatives

may be optionally used in producing it.

12
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As the branched, acyclic primary diol that is preferably used for

producing the polyester-pclyol (A-1), preferred are those having a branched,

saturated aliphatic hydrocarbon chain or a branched, unsaturated aliphatic
hydrocarbon chain with a hydroxyl group at both the ends of the chain and
having from 4 to 10 carbon atoms. Preferred examples of the hranched,
acyclic primary diol of that type include 2-methyl-1, 3-propanediol,
2,2-dlethyl-1, 3-propanediol, z-methyl-1, 4-butanediol, neopentyl glycol,
3-methyl-1, 5-pentanediol, 2-methyl-1, 8-octanediol, 2,7-dimethyl-1, 8-
octanediol, etc. Of those, especially preferred are 3-methyl-1, 5-
pentanediol and 2-methyl-1, B-octanediol, as they further improve the heat
resistance and the hot water resistance of the thermoplastic polyurethanes
comprising the diol and the polyurethane elastic fibers from them. One
or more of these branched, acyclic primary diols may be used either singly

Oor 1n combination.

In producing the polyester-polyol (A-1), any other diols of linear

diols and cyclic diols may be used at need along with the branched, acyclic

primary diols mentioned above. Examples of the such diols include linear
diols such as ethylene glycol, diethylene glycol, triethylene glycol,
propylene glycol, 1,3-propanediol, l,4-butanediol, 1,5-pentanediol,
1, 6-hexanediol, 1, 7-heptanediol, l,8~octanediol, 1, 9-nonanediol, 1,10-
decanediol, etc.; and alicyclic diols such as 1, 4-cyclohexanedimethanol,
etc. One or more these additional diols may be used either singly or in

comblnation.

In producing the polyester-polyol (A-1), a small amount of a

trifuctional or higher polyfunctional alcohol is preferably used alongwith

the diol mentioned above, as so noted hereinabove, in order that the average
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numper, f, of the functional hydroxyl groups existing in the polyol
composition (A), which comprises the polyester-polyol (A-1) and the
polyether-polyol (A-2) in a predetermined ratio, may fall within the range

between 2.006 and 2.100 as so defined herein. Examples of the trifunctional

or higher polyfunctional alcohol to be used along with the diol include
glycerin, trimethylolpropane, Crimethylolbutane, trimethylolpentane,
hexanetriol, pentaerythritol, diglycerin, etc. One or more of these
additional alcohols may be used either singly or in combination. Of the
additional alcohols, more preferred are glycerin and trimethylolpropane.

In producing the polyester-polyol (A-1), the reaction of the
dicarboxylic acid component and the polyalcohol component including diols
and trifunctional or higher polyfunctional alcohols must be sO controlled
for their amounts that the average number of the functional hydroxyl groups
to be 1n the resulting polyester-polyol (A-1) could fall within a
predetermined range.

The polyester-polyol (A-1) to be used for producing the
Chermoplastic polyurethanes of the invention may be either a single

polyester-polyol or a mixture of two or more polyester-polyols. At any

rate, the polyester-polyol (A-1), peing either a single polyester-polyol

Or a milxture of two or more polyester-polyols with no specific limitation,

shall satisfy the requirements of the invention.

The method for producing the polyester-polyol (A-1) for use in the
invention is not specifically defined. For example, it may be produced
through any known polycondensation that comprises esterification or ester
interchanging reaction of a dicarboxylic acid component, a diol, a

trifuntional or higher polyfunctional alcohol and at need a trifunctional

14
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or higher polyfunctional carboxylic acid component, such as those mentioned

hereinabove.

The polycondensation to produce the polyester-polyol (A-1) can be
conducted in the presence of a catalyst. The preferable catalyst are
titanium catalysts and tin catalysts. Examples of usable titanium
catalysts include titanic acid, tetraa _koxy titanium compounds, titanium
acylate compounds, titanium chelate compounds, etc. More concretely
mentioned are tetraalkoxy titanium compounds  such as tetraisopropyl

titanate, Cetra-n-butyl ti1tanate, tetra-2-ethylhexyl titanate,

-,

tetrastearyl titanate, etc.; titanium acylate compounds such as

polyhydroxytitanium stearate, polylsopropoxytitanium stearate, et

®
.-ﬂ.’

Citanium chelate compounds such as titanium aceltylacetate, triethanolamine

titanate, titanium ammonium lactate, titanium ethyl lactate, etc.

bxamples of usable tin catalysts include dialkyl tin diacetates, dialkyl
tin dilaurates, dialkyl tin bismercaptocarboxylate, etc. More concretely

mentioned are dibutyl tin dracetate, dibutyl tin dilaurate, dibutyl tin

bis (ethoxybutyl 3-mercaptopropionate), etc.

The amount of the titanium catalyst, 1f used, is not specifically
defined but can be varied depending on the reaction condition. In general,
however, it is preferably approximately from 0.1 to 50 ppm, more preferably
approximately from 1 to 30 ppm, based on the total welght of the reactants
that are used for producing the intended polyester-polyol. The amount of

the tin catalyst, if used, is not also specifically defined but can be varied

depending on the reaction condition. In general, however, it is preferably

approximately from 1 to 200 ppm, more preferably approximately from 5 to

Lo
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100 ppm, based on the total weight of the reactants that are used for

producing the intended polyester-polyol.

Where polyester-polyols are produced in the presence of a titanium
catalyst, 1t 1is desirable that the Citanium catalyst remailning in the
polyester-polyols produced is deactivated. [T polyester-polyols
containing some non-deactivated titarium catalyst are used to produce
thermoplastic polyurethanes, the characteristics, such as heat resistance
and hot water resistance, of the thermoplastic polyurethanes produced and
the polyurethane elastic fibers from them are often pOOr .

To deactivate the titanium catalyst remaining in polyester-polyols,
for example, employable are (1) a method of bringing the polyester-polyols
into contact with water under heating, and (2) a method of treating the

polyester-polyols with phosphorus compounds such as phosphoric acid,

phosphates, phosphorous acid, phosphites, etc. In the method (1) where

the titanium catalyst is deactivated through contact with water, for
example, at least 1 2 byweight of water may be added to the polyester-polyols
and heated at from 70 to 150°C, preferably at from 90 to 130°C for from
1 to 3 hours or so. The deactivation of the titanium catalyst under heating
can be effected at atmospheric pressure or under reduced pressure. After
the deactivation treatment, the pressure in the system may be reduced

whereby water as added to the system for the deactivation can be smoothly

removed from the polyester-polyols.

The polyether-polyol (A-2) for use in the invention may be prepared
through ring-opening polymerization of a cyclic ether in the presence of
a diol and at need a small amount of a trifunctional or higher polyfunctional

alcohol component. Thedicl and the trifunctional or higher polyfunctional

16
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alcohol component to be used for the ring-opening polymerization of the
cyclic ether must be so controlled for their amounts that the averadge number,
f, of the functional hydroxyl groups to be in the polyol composition (A),
which comprises a predetermined amount of the polyether-polyol (A-2), falls
within the defined range of from 2.006 to 2.1 00, and that the number-average
molecular weight of the polyether-polyol (A-?2) falls within the defined

range of from 500 to 2500.

wxamples of the polyether-polyol (A-2) for use in the 1nvention

j— 4

include polyethylene glycol, polypropylene glycol, polytetramethylene

glycol, poly (methyltetramethylene glycol), etc. Oneof those, or amixture

Oof two or more of them may be used in the invention. Examples of the
component, trifunctional or higher polyfunctional alcohol that may be used
at need for producing the polyether-polyvol  include. glycerin,
trimethylolpropane, trimethylolbutane, trimethylolpentane, hexanetriol,
pentaerythritol, diglycerin, etc. One or more those alcohols may be used
either singly or in combination.

The polyol composition (A) for use in the invention may contailn at
need, 1n addition to the polyester-polyol (A-1) and the polyether-polyol
(A-2), any other polyols except them. Such polyols include, for example,

polycarbonate-polyols, polyester-polycarbonate-polyols, etc. It 1s

desirable that the amount of said polycl to be in the polyol composition

(A) 1s at most 20 mol? based on the number of moles of all polyols

constituting the composition (A).

The organic diisocyanate (B) to be used for producing the
thermoplastic polyurethanes of the invention is not specifically defined

but may be any and every organic dilisocyanate that is generally used for

17
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producing ordinary thermoplastic polyurethanes. Examples thereof include
aromatic diisocyanates such as 4,4'-diphenylmethane diisocyanate,
tolylene diisocyanate, phenylene diisocyanate, xylylene diisocyanate,
1, 5>—naphthylene diisocyanate, 3,3"=dichloro-4, 4'-diphenylmethane
dllsocyanate, etc.; aliphatic or alicyclic diisocyanates such as
hexamethylene dllsocyanate, 1sophorone diisocyanate, 4,4" -
dicyclohexylmethane diisocyanate, hydrogenated xylylene diisocyanate,
etc. One or more of these organic diisocyanates can be used either singly
or 1n combination. Of those, preferred is 4,4"-diphenylmethane
dilsocyanate. If desired, a small amcunt of a trifunctional or higher

polyfunctional polyisocyanate compound,  such as triphenylmethane

triisocyanate or the like, may be added to the diilsocyanate (R).

The chain extender (C) to be used in producing the thermoplastic
polyurethanes<3ftjmainvention.hsrmﬁ;specificallyckﬂﬁjmmibutrmwykmeany
and every one that is generally'used.in;producing'ordinary'thermoplastic
polyurethanes. Preferred are low-molecular compounds having a molecular
welight of at most 300 and having, in the molecule, at least two active

hydrogen atoms capable of reacting with 1socyanate groups. Examples of

the low-molecular compounds include diols such as ethylene glycol,
propylene glycol, 1, 4-butanediol, 1, 6-hexanediol, l,4-bis( [ -
hydroxyethoxy) benzene, 1, 4-cyclohexanedimethanol, bis (B -hydroxyethyl)
terephthalate, xylylene glycol, etc.; diamines such as hydrazine,

ethylenediamine, propylenediamine, xylylenediamine, isophoronediamine,

plperazine and 1its derivatives, phenylenediamine, tolylenediamine,
Xylylenediamine, adipic acid dihydrazide, isophthalic acid dihydrazide,

etc.; amino alcohols such as aminoethyl alcohol, aminopropyl alcohol, etc.

18
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One or more of those chain extender may be used either singly or in
compination. Of those, preferred are aliphatic diols having from 2 to 10
carpon atoms, and more preferred is 1, 4-butanediol as it further 1mproves
the heat resistance and the hot water resistance of thermoplastic
polyurethanes and thermoplastic elastic fibers from them.

The method for producing thermoplastic polyurethanes in the
lnvention is not specilfically defined. The thermoplastic polyurethanes
of the invention are produced from the polyester-polyol (A-1), the
polyether-polyol (A-2), the organic diisocyanate (B), the chain extender
(C) and at need other components such as those noted above, for which any
and every known method is employable. For example, employable are a
prepolymer method, a one-shot method ard others based on known techniques
of polyurethanation 1ncluding melt polymerization, solution
polymerization, etc. Above all, preferred is melt polymerization under
supstantially solventless conditions to glve thermoplastic polyurethanes,
as beling simple and efficient. More preferred 1s continuous melt
polymerization using a multi-screw extruder, because of 1its high
producibility. The polyurethanation to produce the thermoplastic
polyurethanes of the invention can be conducted in the presence of
urethanating tin catalysts. It 1s desirable to conduct the

polyurethanation in the presence of an urethanating tin catalyst in an

amount of from 0.5 to 10 ppm, 1n terms of the tin atom, based on the total
welight of the raw materials used, as it can produce thermoplastic
polyurethanes having a high molecular welght. Where such high-molecular

thermoplastic polyurethanes are formed into thermoplastic elastic fibers,

the spinnability and the windability of the fibers are good while the
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adhesion of the fibers to each other during spinning and winding is reduced.
In addition, such high-molecular thermoplastic polyurethanes can be formed
into polyurethane elastic fibers with good mechanical properties including
heat resistance, etc. bxamples of the urethanating tin catalyst include
dibutyltin diacetate, dibutyltin dilaurate, dibutyltin bils (ethoxybutyl
3-mercaptopropionate), etc.

During or after polymerization to give the thermoplastic
polyurethanescyftfwzinvention,aﬁsrequired,.Itjf;possible'Uaamkithereto
various additives that are generally used in the production of ordinary
Chermoplastic polyurethares, such as thermal stabilizers, antioxidants,
ultraviolet absorbents, flame retardants, lubricants, colorants,
hydrolysis inhibitors, nucleating agents, weather resistance tmproving
agents, antifungal agents, etc.

The polyurethane elastic fibers of the invention can be produced
by melt-spinning the thermoplastic polyurethanes of the invention. To
producetjuapolyurethaneeﬂjmﬂzujfibers1jnxnxﬂ1melt*spinning,Iknfexample,
employable are the following methods:

(1] A method of previously preparing thermoplastic polyurethanes
by reacting;

(1] a polyol composition (A) which consists essentially of a
polyester-polyol (A-1) havingeacrystallizationEﬂnjmﬂ$n/ofen:most"N)J/g
and a number-average molecular welght of from 1000 to 5000 and a

polyether-polyol (A-2) having a number-average molecular weight of from

200 to 2500, and in which the average numper, £, of the functional hydroxyl

groups exlsting therein and represented by the following formula (I):
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f = {number of all hydroxyl groups 1n the polyols constituting the
polyol composition}/ {number of molecules of all polyols constituting
the polyol composition} (L),
falls between 2.006 and 2.100,
[2] an organic diisocyanate (B), and
[3] a chain extender (C),
at a ratio that satisfies the following formula (IT):
1.00 < b/(at+c) < 1.10 (I1)
where a indicates the number of moles of all polyols constituting the polyol

composition (A), b indicates the number of moles of the organlic diisocyanate

(B), and ¢ indicates the number of noles of the chain extender (C)

!

followed by melt-spinning the resulting thermoplastic polyurethanes: and

[11] a method of producing thermoplastic polyurethanes by

melt-polymerizing the above-mentioned polyol composition (A), organic

dilsocyanate (B) and chain extender (C) at the ratio that satisfies the
above-mentioned formula (II) while directly spinning the melt of the
resulting thermoplastic polyurethane through spinnerets.

In consideration of the physical properties of the fibers to be
obtained and of the easiness in the melt-spinning operation, the melt-
spinning temperature is preferably not higher than 260°C, but more
preferably falls between 220 and 250°C. After having been thus melt-spun,
the polyurethane elastic fibers are preferably aged under heat at from 50°C
to 100°C to further improve their performance. The kind and the type of
the spinning device to be employed for the melt-spinning are not

specifically defined, and any conventional melt-spinning device that is
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generally employed for producing polyurethane elastic fibers can be used

herein.

The degree of polymerization of the thermoplastic polyurethanes that
constitute the polyurethane elastic fibers of the invention is not
specifically defined. However, 1n consideration of the heat resistance
and the hot water resistance of the polyurethane elastic fibers, the degree
of polymerization is preferably such that the polyurethane elastic fibers
as dissolved in N, N-dimethylformamide containing 1 2 by weight of n-
putylamine at a concentration of 0.5 dl/g can have a logarithmic vViscosity
at 30°C of at least 0.5 dl/g, especially preferably at least 0.7 d1l/g and
the upper limit of the logarithmic viscosity is infinity

In particular, it 1is especlally preferable to produce the
polyurethane elastic fibers of the invention from thermoplastic
polyurethanes with a high deqgree of polymerization to such an extent that
the resulting fibers do not dissolve at all or dissolve only partly in
N, N-dimethylformamide containing 1 by welght of n-butylamine, since the
polyurethane elastic fibers from the thermoplastic polyurethanes with such
a high degree of polymerization can have much more excel lent heat resistance
and hot water resistance.

The fineness of the single fiber of the polyurethane elastic fibers
of the 1nvention is not specifically defined and may be determined sultably
depending on the use of the fibers. In general, the fineness of the single
fiber is preferably approximately from 10 to 100 deniers or so. The
polyurethane elastic fibers of the invention may be either in the form of
monofilaments or multifilaments. For the latter multifilaments, the

number of the filaments and the number of the total deniers are not

22
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specifically defined but may be determined sultably. The cross-sectional
profiles of the polyurethane elastic fibers of the 1nvention are not also

specifically defined but may be any of circular, square, hollow-shaped,

triangular, oval, flattened multi-leafy, V-shaped, T-shaped, arraved and

other modified cross-sections. To produce various products using the

polyurethane elastic fibers of the invention, the fibers may be used singly

or 1n combination with any other fibers in any desired modes.

The use of the polyurethane elastic fibers of the invention is not

specifically defined and the fibers may be applied to wvarious uses.
Uti1lizing their elastic characteristics, the fibers can be used in sports
goods such as swimming suits and trunks, outer wear, cycling wear, leotards,
etc.; clothes such as lingerie, founcation garments, underwear, etc.:
accessories such as panty hose, socks, supporters, hats, gloves, etc.;
medical supplies such as bandages, artificial vessels, etc.; and also
non-clothing products such as quts for tennis rackets, base varns for car
sheets to be molded through integrated molding, yarns for coating metals
for robot arms, etc. Above all, the polyurethane elastic fibers of the
invention are extremely effectively used in sports goods and clothes,
making full use of the excellent characteristics of good heat resistance,

hot water resistance, elongation, elastic recovery and homogeneousness.

The 1nvention is described more concretely with reference to the

following Examples, which, however, are not intended to restrict the sCope

of the invention. In the following

LxXamples and Comparative Examples, the

number-average molecular weight of polyols, the crystallization enthalpy
(AH) of polyester-polyols, the spinning stability in producing

polyurethane elastic fibers, and the logarithmic viscosity, the heat
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resistance, the hot water resistance and the modulus of elastic recovery

of polyurethane elastic fibers were measured and evaluated according to

the methods mentioned below.

mber-Average Mole ar Weight of Po_vols
The number-average molecular weight of each polyol sample was

calculated on the basis of its hydroxyl value as measured in accordance

wilth JIS K1577.

allization halpy (AH) of Polyester-polyols

Using a differential scanning calorimeter (R1gaku Thermal Analysis

Station TAS10 Model, produced by Rigaku Denki Co.) , the crystallization

enthalpy (AH) of each polyester-polyol sample was measured. The amount
of the sample was about 10 mg. The quantity of heat of the sample was
measured 1n a nitrogen gas atmosphere, according to the process mentioned
pelow. From the peak area after the step 3, the crystallization enthalpy

(AH) of the sample was obtained.

Process for measuring crystallization enthalpy of polyester-polyols:

Step 1: The sample is heated from room Cemperature up to 100°C at

a heating rate of 100°C/min, and the heated sample 1s kept

as such for 3 minutes.

Step 2: The sample is then cooled from 100°C to -100°C at 7 cooling

rate of 10°C/min, and the cooled sample 1s kept as such for

1 minute.

Step 3: The sample is again heated from -100°C up to 100°C at a heating

rate of 10°C/min.

clnning abili in Prc .ng Polvurethane E1 1c Fi
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Using a single-screw extruder, each polyurethane sample was spun

continuously for one week at a spinning temperature of from 220°C to 245°C

1n the same manner as in the following Examples or Comparative Examples,
whereupon the increase in the pressure in the spinning pack (sand mesh:
#60 to #80) was measured with a pressure gaudge. The stability of the sample

during its spinning was evaluated on the basis of the following criteria:

Criteria for Evaluation of Spinning Stability:
O: The continuous splnning was possible almost without increase in
the pressure in the spinning pack (increase in pressure: at most
4 kg/cm’) .
/A: The continuous spinning was difficult because of the 1ncrease

in the pressure in the spinning pack (increase in pressure: from
more than 4 to less than 8 kg/cm).
X ¢ The continuous spinning was impossible because of the great

1ncrease in the pressure ia the spinning pack (increase in

pressure: 8 kg/cm or more) .

Logarithmic Viscosity of Polyurethane Elastic Fibers

A sample of polyurethane elastic fibers was dissolved in N, N-

dimethylformamide containing 1 3 by weight of n-putylamide, at a
concentration of 0.5 g/dl. Using an Ubbelohde's viscometer, the downflow
time of the resulting polyurethane solution at 30°C was measured, fromwhich

the logarithmic viscosity of the sample was calculated in accordance with

the following equation:

Logarithmic Viscosity = [ln(t/t,)]/c

25
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wherein t is the downflow time (second) of the polyurethane sample solution,
ty 1s the downflow time (second) of the solvent, and ¢ is the concentration

of the polyurethane sample solution (g/dl) .

Resistan f Polyurethane Elastic Fibers

| -

While belng kept stretched by 200 % in a wood frame, a sample of

polyurethane elastic fibers was heated with a hot air oven at 140°C for

1l minute. Based on the non-treated original sample, the strength retention
of the heated sample at 300 % stretching was obtained according to the
following equation, and this indicates the heat resistance of the sample.
Strength Retention (%) at 300 ? Stretching = (M/M.) x 100
wherein M i1s the 300 2 modulus of the sanmple after the treatment, and M-

1s the 300 2 modulus of the sample before the treatment .

HoU Water Resistance of Polvurethane Elastic Fibers

The hot water resistance of polyurethane elastic fibers was
evaluated in the same manner as in the evaluation of the heat resistance
thereof, except that the sample was dipped in hot water at 100°C in an
autoclave for 30 minutes. The strength retention of the treated sample
was obtalned in the same manner as above, and it indicates the hot water

-
- -

resistance of the sample.

Degree of Elastic Recovery of Polyurethane elastic Fibers

A sample of polyurethane elastic fibers was left at room temperature

for 2Zminutes, whilebeing stretchedby 300 2. After the tension was removed,
Che sample was left as it was for 2 minutes. The degree of its elastic
recovery was calculated according to the following equation.

Degree of Elastic Recovery (%) = {1 - (L - L.)/Lo} x 100

20
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wherein L is the length (mm) of the sample as left for 2 minutes after removal

of the tension, and L, is the length (mm) of the non-stretched original

sample.

Degree of Elongation of Polyurethane FElastic Fibers
The degree of elongation of polyurethane elastic fibers was obtained

according to JIS K7311.

omogenec C [ Polyurethane FElastic Fibers

A sample having a length of 50 m was collected from polyurethane

elastic fibers obtained through melt-spinning. A thickness measuring

device (Keisokuki Evenness Tester Model KEP-80C, produced by Keisokuki

Kogyo Co.) was slid over the sample in its lengthwise direction to check
for the unevenness, if any, in the thickness of the sample. The
homogeneousness of the sample was evaluated in accordance with the

followlng criteria.

Criteria for Evaluation of Homogeneousness of Resilient Polvyurethane
Fibers:
O:  The unevenness in the thickness of fibers was at most 1 2.
/\: The unevenness in the thickness of fibers was from more than
1 % to less than 3 9.
X : The unevenness in the thickness of fibers was 3 ¢ or more.

The abbreviations for the compounds used for producing the resins

in the following Examples and Comparative Examples are mentioned below.

BD: 1,4-butanediol
MPD: 3-methyl-1, 5-pentanediol
T™™P: Ctrimethylolpropane

AD: Adipic acid

21
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Sb: Sebaclc acid

MDI : 4,4-diphenylmethane diisocyanate

PIMG: polytetramethylene glyco:
Relerence Example 1

900 g of MPD, 117.4 g of TMP and 954 g of AD were put into a reactor,

and esterified therein at atmospheric pressure at 200°C, while removing
water produced from the container through distillation (to the outside of
the reaction system). After the reaction product came to have an acid value
of at most 30, 30 mg of a titanium catalyst, namely tetraisopropyl titanate
was added thereto for polymerization, and the reaction was further
continued while reducing the pressure in the reaction system to from 100
to 200 mmHg. After the reaction product came to have an acid value of 1.0,
Che vacuum degree in the container was gradually increased by the use of
d vacuum pump, and the reaction was stopped. Next, the reaction system
was cooled to 100°C, and 3 % by weight of water was added thereto and heated
for 2 hours while stirring, whereby the titanium catalyst was deactivated.
Then, water was removed from the container through distillation under
reduced pressure, and 10 ppm of dibutyltin diacetate was added as a tin
catalyst for urethanation. In that manner comprlsing deactivation of the
titanium catalyst followed by addition of the tin catalyst for urethanation,
obtained was polyester-polyol A. The number-average molecular weight of
the polyester-polyol, the average number of functional hydroxyl groups in

the polyester-polyol, and the crystallization enthalpy (AH) of the

polyester-polyol are shown in Table 1 below.

Reference Examples 2 to 9
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The same procedure as in Reference bExample 1 was repeated except

that the polyol component and the dicarboxylic acid component shown in Table

1 below were used.

Briefly, after -=-he esterification, the titanium

catalyst for polymerization was deactivated, and the tin catalyst for

urethanation was added. Thus were obtalined different polyester-polyols

as in Table 1. The number-average molecular welght of the polyester-

polyols, the average number of functional hydroxyl groups 1in the

polyester-polyols,

and the crystallization enthalpy (AH) of the

polyester-polyols are shown in Table 1 below.
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Example 1

(1) The polyester-polyol obtained in Reference Example 2, a
polyether-polyol of PTMG having a number—-average molecular weight of 1500

and BD, which had been all heated to 80°C, and MDI which had been heated
to 50C at ratios shown in Table 2 below, were continuously fed into a
twin-screw extruder (30 mm diameter , L/D = 36) with two sCrews rotating
in the same axial direction using a metering pump to subject the mixture
to continuous melt polymerization so as to give a thermoplastic
polyurethane with the temperature of the extruder cylinder being kept at
260°C. Subsequently, the melt of the resulting polyurethane was
continuously extruded out through the die into water, then pelletized into

thermoplastic polyurethane pellets. The resulting pellets were dried at

80°C for 24 hours in vacuum.

(2) The dry pellets prepared in (1) were then fed into an ordinary
spinning device equipped with a single-screw extruder, and nmelt-spun into
monofilaments at a spinning temperature falling between 200 and 240°C and
at a spinning rate of 500 m/min. while being cooled with cold air at a dew
point of 10°C, and the monofilaments were wound up around a bobbin. Thus
were produced polyurethane elastic fibers (monofilaments) (40 denier).

The spinning stability in the production process was checked according to

the method mentioned above, and the results obtained are shown in Table

2 below.

(3) The polyurethane elastic fibers produced in (2) were aged at

room temperature and at a relative humidity of 60 & for 10 days.

(4) The logarithmic viscosity, the heat resistance, the hot water

resistance, the degree of elastic recovery, the elongation and the
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homogeneousness of the polyurethane elastic fibers having been ripened in

(3) were determined and evaluated according to the methods mentioned above .

The results obtained are shown in Table 2 below.
Examples 2 to 10

(1) Thermoplastic polyurethane pellets were prepared in the same

manner as 1n Example 1 except that the polyester-polyols and the
polyether-polyols shown in Table 2 were used and that the proportions of
the polyester-polyol, the polyether-polyol, the chain extender and the
organic diisocyanate to be combined were varied to those shown in Table

2. The resulting pellets were dried 1n vacuum also in the same manner as

in Example 1.

(2) The thermoplastic polyurethane pellets prepared in (1) were

melt-spun into polyurethane elastic fibers (monofilaments) in the same

manner as in Example 1. The spinning stability of the pellets is shown

1n Table 2 below.

(3) Also in the same manner as in Example 1, the polyurethane

elastic fibers produced in (2) vmmfzaged,ammjtjmelogarithmic*viscosity,

the heat resistance, the hot water resistance, the degree of elastic

recovery, the elongation and the homogeneousness of the thus—-aged,

polyurethane elastic fibers were determ’ ned and evaluated according to the

methods mentioned above. The results obtalned are shown in Table 2 below.
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Comparative Examples 1 to 9

(1) Thermoplastic polyurethane pellets were prepared in the same

manner as 1in Example 1 except that the polyester-polvols and the

polyether-polyols shown in Table 3 were used and that the proportions of

the polyester-polyol, the polyether-polyol, the chain extender and the

organic diisocyanate to be combined were varied to rhose shown in Table

3. The resulting pellets were dried in vacuum also in the same manner as

1n Example 1.

(2) The thermoplastic polyurethane pellets prepared in (1) were

melt-spun into polyurethane elastic fibers (monofilaments) in the same

manner as in Example 1. The spinning stability of the pellets is shown

in Table 3 below.
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(3) Also in the same manner as in pxXample 1, the polyurethane elastic
fibers produced in (2) were ripened, and the logarithmic viscosity, the
heat resistance, the hot water resistance, the elastic recovery, the
elongation and the homogeneousness of the thus-aged, resilient
polyurethane fibers were determined and evaluated according to the methods
mentioned above. The results obtained are shown 1n Table 3.

As 1n Table 2, the thermoplastic polyurethanes and the polyurethane
elastic fibers that satisfy the requirements of the invention have qood
properties of spinning stability, heat resistance, hot water resistance,
degree of elastic recovery, elongation and homogeneousness.

As opposed to those of the polyurethane elastic fibers of Examples

L to 10, Table 3 reveals poor spinning stability and homogeneousness of

the polyurethane elastic fibers of Comparative Example 1, in which the

polyester-polyol D used had a large number-average molecular welght; poor

heat resistance and hot water resistance of the polyurethane elastic fibers

of Comparative Example 2, in which the number of moles, b, of the organic

dllsocyanate used was small; and poor properties of the resilient

polyurethane fibers of Comparative bxample 3, in which the number of moles,
b, of the organic diisocyanate used was large. In addition, Table 3 also
reveals poor heat resistance, hot water resistance, degree of elastic

recovery and elongation of the polyurethane elastic fibers of Comparative

Example 4, in which the polyester-polyol H used had a large crystallization
enthalpy (AH) and inwhich the average number of moles of functional hydroxyl
groups in the polyol composition used was small; poor degree of elastic
recovery and elongation of the polyurethane elastic fibers of Comparative

Example 5, in which the polyester-polyol I used had a large AH; and poor
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hot water resistance, degree of elastic recovery and homogeneousness of
the polyurethane elastic fibers of Comparative Example 6, in which the
average number of functional hydroxyl groups in the polyol composition used

was large. Further, Table 3 reveals poor heat resistance and hot water

resistance of the resilient polyurethane fibers of Comparative Example 7,
1n which the average number of functional hydroxyl groups in the polyol

composition used was small; poor spinning stability and homogeneousness

Of the polyurethane elastic fibers of Comparative Example 8, in which the
polyether-polyol Z used had a large numoer-average molecular welght; and
poor heat resistance and- hot water resistance of the polyurethane elastic
fibers of Comparative Example 9, in which the polyether-polyol (A-2) was
not used.

While the invention has been described in detall and with reference
Lo specific embodiments thereof, it will be apparent to one skilled in the
art that various changes and modifications can be made therein without

departing from the spirit and scope thereof.
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CLAIMS:

1. A thermoplastic polyurethane obtained by reacting;

(1] a polyol composition (A) which consists

essentially of a polyester-polyol (A-1) having a

crystallization enthalpy of at most 70 J/g and a number-

average molecular weight of from 1000 to 5000 and a
polyether-polyvol (A-2) having a number-average molecular

welight of from 500 to 2500, and i1in which the average number,

f, of the functional hydroxyl groups existing therein and

represented by the following formula (I):

f = {number of all hydroxyl groups in the polyols
constituting the polyol composition} / {number of molecules

of all polyols constituting the polyol composition} (I),

falls between 2.006 and 2.100,

[2] an organic diisocyanate (B), and
[3] a chain extender (C),
at a ratio that satisfies the following formula (II):

1.00 £ b/ (a+c) £ 1.10 (IT)

F

wherein a 1ndicatesgs the number of moles o:

F
pr—

all polyols

constituting the polyol composition (A), b indicates the

P

number of moles of the organic diisocyanate (B), and c

P

indicates the number of moles of the chain extender (C).

2. The thermoplastic polyurethane as claimed in
claim 1, wherein the molar ratio of the polyester-polyol

(A-1) to the polyether-polyvol (A-2) 1s between 5/95 and 95/5.

3. Polyurethane elastic fibers comprising the

thermoplastic polyurethane of claim 1.
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4. The thermoplastic polyurethane as claimed in claim 1
or 2, wherein the polyester-polyol (A-l1l) is composed of a
dicarboxylic acid component and a polyalcohol component which
consists of a diol alone or in combination with a small amount
of a trifunctional or higher polyfunctional alcohol; and the
dicarboxylic acid component is partly or wholly a branched
acyclic dicarboxylic acid or the polyalcohol component is
partly or wholly a branched acyclic primary diol.

5. The thermoplastic polyurethane as claimed in claim 4,
wherein the branched acyclic dicarboxylic acid is contained in
an amount of 30 to 100 mole % based on the dicarboxylic acid
component, or the branched acyclic primary diol is contained
in an amount of 30 to 100 mole % based on the polyvalcohol
component.

6. The thermoplastic polyurethane as claimed in claim 4
or 5, wherein the dicarboxylic acid component is a linear

dicarboxylic acid; and the polyalcohol component is cdmposed

of 30 to 100 mole % of the branched acyclic primary diol and 0

to 70 mole % of at least one member selected from a linear

diol, an alicyclic diol and a small amount of a trifunctional

or higher polyfunctional alcohol.

2 7. The thermoplastic polyurethane as claimed in claim 4,
5 or 6, wherein the branched acyclic primary diol is selected
from the group consisting of 2-methyl-1, 3-propanediol, 2,2-
diethyl-1,3-propanediol, 2-methyl-1l,4-butanediol, neopentyl
glycol, 3~-methyl-1l,5-pentanediol, 2-methyl-1,8-octanediol and

2,7-dimethyl-1,8-0octanediol.
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8. The thermoplastic polyurethane as claimed in claim 6,
wherein the branched acyclic primary diol is 3-methyl-1,5-
pentanediol or 2-methyl-1l,8-octanediol.

9. The thermoplastic polyurethane as claimed in claim 1
Oor 2 or any one of claims 4 to 8, wherein the polyetheprolyol
(A-2) is selected from polyethylene glycol, polypropylene
glycol, polytetramethylene glycol and poly{methyltetramethylene
glycol).

10. The thermoplastic polyurethane as claimed in claim 1
or 2 or any one of claims 4 to 9, wherein the organic diiso-
cyanaté (B) is 4,4'-diphenylmethane diisocyanate.

ll. The thermoplastic polyurethane as claimed in claim 1
or 2 or any one of claims 4 to 10, wherein the chain extender
(C) is an aliphatic diol having 2 to 10 carbon atoms.

12. Polyurethane elastic fibers made of the thermoplastic

polyurethane of claim 2 or any one of claims 4 to 11.

42
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13. A method for producing polyurethane elastic fibers,
which comprises melt-spinning a thermoplastic polyurethane

obtained by reacting;

[1] a polyol composition (A) which consists

essentially of a polyester-polyol (A-1) having a

F

crystallization enthalpy of at most 70 J/g and a number-

average molecular weight of from 1000 to 5000 and a
polyether-polyol (A-2) having a number-average molecular
weight of from 500 to 2500, and in which the average number,
f, of the functional hydroxyl groups existing therein and

represented by the following formula (I):

f = {number of all hydroxyl groups in the polyols

"

constituting the polyol composition}/{number of molecules of

all polyols constituting the polyol composition} (1),

falls between 2.006 and 2.100,

[2] an organic diisocyanate (B), and

[3] a chain extender (C),

at a ratio that satisfies the following formula (II):

1.00 £ b/(a+c) £ 1.10 (IT1)

F

wherein a i1ndicates the number of moles of all polyols

constituting the polyol composition (A), b indicates the

number of moles of the organic diisocyanate (B), and c
indicates the number of moles of the chain extender (C), or
comprises melt-spinning the thermoplastic polyurethane while
forming 1t by reacting the polyol composition (A7), the
organic diisocyanate (B) and the chain extender (C) in the

predetermined ratio satisfying the formula (II).
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14 . The method as claimed 1n claim 13, wherein the
molar ratio of the polvester-polyvol (A-1) to the polyether-
polyol (A-2) is between 5/95 and 95/5.

15. The method as claimed 1n claim 13 or 14, wherein

the polyester-polyol (A-1) 1s composed of a dicarboxylic

Tl

acid component and a polyalcohol component which consists o:

a diol alone or i1n combination with a small amount of a

trifunctional or higher polyfunctional alcohol; and the

dicarboxylic acid component 1is partly or wholly a branched
acyclic dicarboxylic acid or the polvalcohol component 1s

partly or wholly a branched acyclic primary diol.
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