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Description

METHOD FOR PREPARING POLYURETHANEUREA ELASTIC

FIBER WITH IMPROVED HEAT SETTABILITY AND

POLYURETHANEUREA ELASTIC FIBER PREPARED BY THE

[1]

[2]

[3]

[4]

[5]

SAME
Technical Field

The present invention relates to a method for preparing polyurethaneurea elastic fiber
with improved heat-set efficiency and polyurethaneurea elastic fiber prepared by the
same, and more particularly to a method for preparing polyurethaneurea elastic fiber
with improved heat-set efficiency, in which a prepolymer is prepared from a mixture of
at least one of diisocyanate of polyurethaneurea comprising
4,4'-diphenylmethanediisocyanate and 2,4'-diphenylmethanediisocyanate, and
polyurethaneurea elastic fiber prepared by the same.

Background Art

In general, polyurethaneurea elastic fiber is prepared as follows. First, a polyol
compound with a large molecular weight is reacted with excessive amount of di-
isocyanate to prepare a prepolymer having isocyanate groups at both ends of the
polyol. Then, after dissolving the prepolymer in an adequate solvent, a diamine- or
diol-based chain extender and a chain terminator such as monoalcohol, monoamine,
etc. are added to the resulting solution to produce a polyurethaneurea spinning
solution. Subsequently, polyurethaneurea elastic fiber is prepared by dry- or wet-
spinning the polyurethaneurea spinning solution.

Such prepared polyurethaneurea fiber is characterized by its high elasticity, and
widely used in a variety of areas such as functional underwear, sports wear, and the
like as weaved together with polyamide, polyester or natural fibers. As its usage has
expanded, there is a growing demand for developing extra features of conventional
fibers.

In general, polyurethaneurea fiber is heat-set at high temperature. As a result, there is
thermal degradation of heat-sensitive fibers such as nylon, cotton, silk, wool, etc. that
is weaved together with polyurethaneurea during post-process after knitting. In order to
prevent such thermal degradation and improve dimensional stability of the fabric, it is
increasingly necessary to develop a polyurethaneurea fiber to be heat-set at low
temperature.

Japanese Patent Laid-Open No. Hei 7-82608 discloses a method for preparing

polyurethaneurea elastic fiber having excellent stability of polymer solution, not
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causing knitting unevenness in processing by using diphenylmethanediisocyanate
comprising 1.8 to 13 wt% fraction of 2,4'-diphenylmethanediisocyanate. The invention
provides high strength at break and heat resistance, but insufficient heat-set efficiency.
U.S. Patent No. 6,472,494 discloses spandex prepared from a mixture of 23 to 55 mole
% of 2,4'-diphenylmethanediisocyanate and 4,4'-diphenylmethanediisocyanate,
polyether glycol and a chain extender. By significantly increasing the content of the
2,4'-diphenylmethanediisocyanate to 23 to 55 mole %, the resultant polyurethaneurea
elastic fiber has improved heat-set efficiency. However, it is unfavorable in spinning,
because of greatly deteriorated modulus and elasticity recovery and insufficient yarn

evenness.
Disclosure of Invention

Technical Problem

Therefore, the present invention has been made in an effort to solve the above-
described problems associated with the prior art, and it is an object of the present
invention to provide a method for preparing polyurethaneurea elastic fiber with
improved yarn evenness and high heat-set efficiency.

It is an another object of the present invention to provide polyurethaneurea elastic
fiber which is prepared by the method of the present invention and has superior
spinning workability, improved yarn evenness, and high heat-set efficiency at low
temperature.

Technical Solution

In accordance with an aspect of the present invention, there is provided a method for
preparing polyurethaneurea elastic fiber by polymerizing polyol with excessive amount
of diisocyanate to produce a prepolymer (first polymerization), and dissolving the
prepolymer in an organic solvent and then adding a chain extender and a chain
terminator thereto (second polymerization) to produce polyurethaneurea elastic fiber,
characterized in that the prepolymer is prepared by reacting a mixture of at least one
diisocyanate comprising 4,4'-diphenylmethanediisocyanate and 7 to 25 mole % of
2,4'-diphenylmethanediisocyanate with polyol. Preferably, the diisocyanate is at least
one selected from the group consisting of 4,4'-diphenylmethanediisocyanate,
1,5'-naphthalenediisocyanate, 1,4'-phenylenediisocyanate, hexamethylenediisocyanate,
1,4'-cyclohexanediisocyanate, 4,4'-dicyclohexylmethanediisocyanate and
isophoronediisocyanate, the polyol of the prepolymer is one selected from the group
consisting of polytetramethylene ether glycol, polypropylene glycol, polycarbonate
diol and a combination thereof, and the chain extender is at least one selected from the
group consisting of ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane,

1,4-diaminobutane, 2,3-diaminobutane, 1,5-diaminopentane,
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1,6-hexamethylenediamine, 1,4-cyclohexanediamine and a combination thereof. Also,
preferably, weight proportion of isocyanate of the prepolymer is from 1.75 % to 4.13
%.

According to another aspect of the present invention, there is provide
polyurethaneurea elastic fiber prepared by the method described above, which has
superior spinning workability, improved yarn evenness, and high heat-set efficiency at

low temperature.

Advantageous Effects

According to the present invention, it is possible to produce polyurethaneurea elastic
fiber with superior spinning workability, improved yarn evenness, and high heat-set
efficiency. Since heat-setting can be performed at low temperature, thermal
degradation of the fiber that is weaved together with polyurethaneurea can be
prevented, hand-feel of the fabric can be improved, and selvage curling of knitted

fabric during processing after heat-setting can be prevented.

Mode for the Invention

Hereinafter, a method for preparing polyurethaneurea elastic fiber according to the
present invention will be described in detail.

Segmented polyurethaneurea used to prepare the elastic fiber of the present invention
is prepared by reacting organic diisocyanate with polymer diol to produce a p
repolymer, and dissolving the prepolymer in an organic solvent and then reacting with
diamine and monoamine.

Examples of the diisocyanate used to prepare the polyurethaneurea elastic fiber of the
present invention may include at least one selected from the group consisting of
4,4'-diphenylmethanediisocyanate, 2,4'-diphenylmethanediisocyanate,
1,5'-naphthalenediisocyanate, 1,4'-phenylenediisocyanate, hexamethylenediisocyanate,
1,4'-cyclohexanediisocyanate, 4,4'-dicyclohexylmethanediisocyanate and
isophoronediisocyanate, but is not necessarily limited thereto.

In the method of the present invention, at least one diisocyanate comprising
4,4'-diphenylmethanediisocyanate is mixed with 2,4'-diphenylmethanediisocyanate. It
is preferable that the proportion of the 2,4'-diphenylmethanediisocyanate is from 7 to
25 mole %. When the 2,4'-diphenylmethanediisocyanate is included in an amount less
than 7 mole %, selvage curling may occur during heat-setting process at low
temperature because of insufficient heat-setting efficiency. And, when it is included in
an amount exceeding 25 mole %, modulus may decrease abruptly. Hence, it is
preferable that the 2,4'-diphenylmethanediisocyanate is included in an amount within
the aforesaid range.

The polyol used in the present invention may be one selected from the group
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consisting of polytetramethylene ether glycol, polypropylene glycol, polycarbonate
diol and a combination thereof, but is not necessarily limited thereto.

The chain extender used in the present invention may be a diamine. For example, the
chain extender may be at least one selected from the group consisting of
ethylenediamine, 1,2-diaminopropane, 1,3-diaminopropane, 1,4-diaminobutane,
2,3-diaminobutane, 1,5-diaminopentane, 1,6-hexamethylenediamine,
1,4-cyclohexanediamine and a combination thereof, but is not necessarily limited
thereto.

Examples of the chain terminator used to control the molecular weight of
polyurethaneurea may include amine having one functional group such as di-
ethylamine, monoethanolamine, dimethylamine and so on.

Furthermore, in order to prevent discoloration or property impairment of
polyurethaneurea that may be caused by UV, smog or heat-setting process for spandex,
sterically hindered phenolic compounds, benzofuranone based compounds, semi-
carbazide based compounds, benzotriazole based compounds, or polymeric tertiary
amine stabilizers may be added in combination into a spinning solution.

In addition, the polyurethaneurea elastic fiber of the present invention may further
comprise additives such as titanium dioxide, magnesium stearate, etc.

Preferably, the weight proportion of isocyanate of the prepolymer is maintained from

1.75 % to 4.13 % so as to have the properties of polyurethaneurea elastic fiber.

Hereinafter, the present invention will be described in detail with reference to the
following non-limiting examples. It should nevertheless be understood that the same is
considered as illustrative and no limitation of the scope of the present invention is

thereby intended.

In the following Examples and Comparative Examples, heat-set efficiency, NCO%,
U%, workability, selvage curling and hand-feel of polyurethaneurea fiber were

evaluated as follows.

Heat-set efficiency of polyurethaneurea varns
The produced yarns were stretched 100 % as exposed in the air, and were heated at

170 °C for 1 minute in an oven. After cooling to room temperature, the length of the
yarns was measured and heat-set efficiency was calculated according to the following
formula:

Heat-set efficiency (%) = [(heat-set length - original length) / (stretched length -
original length)] x 100
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NCO%
NCO% = [100 x 2 x formula weight of NCO x (CR-1)] / [(molecular weight of di-

isocyanate x CR) + molecular weight of polyol]

Note) CR (capping ratio) = molar ratio of diisocyanate / molar ratio of polyol

U%

The produced yarns were mounted on a U% measurement apparatus (Keisokki Co.)
and winded. After 20 seconds of unwinding, the thickness of yarns is measured with an
evenness sensor and averaged. Average value is depicted as 0 % line in the chart.
When the yarns are thicker than the average, points are marked over the 0 % line. And,
when the yarns are thinner, they are marked below the 0 % line. U% is the deviation
from the reference line as calculated from the area ratio. A smaller U% means superior

yarn evenness.

Workability
Workability means the proportion of yarns with no defects of the total yarns

produced a day. A higher workability means that good yarns with no defects such as

cutting or twisting are produced.

Selvage curling
On circular knitted fabric made of nylon/polyurethaneurea elastic fiber, a regular

triangle with one side being 5 cm is drawn. After scissoring two sides and spraying
water, the fabric is dried. After drying the ratio of the curled area to the initial area is
calculated.

Selvage curling (%) = (area of curled triangle / area of original triangle) x 100

Hand-feel of fabric
Hand-feel of fabric is evaluated depending on sensual judgment. The inventors
evaluated hardness, flexibility, elasticity, softness, drape, warmth or coolness, luster,

etc. with eyes and hands in view that the articles are judged by experience.

Example 1
32 g of 2,4'-diphenylmethanediisocyanate, 427 g of

4,4'-diphenylmethanediisocyanate and 2000 g of polytetramethylene ether glycol
(molecular weight = 1800) were reacted with agitation at 90 °C for 180 minutes in
nitrogen gas flow to produce a polyurethaneurea prepolymer having isocyanate groups
on both ends thereof. The prepolymer was cooled to room temperature, and 3614 g of

dimethylacetamide was added to produce a polyurethaneurea prepolymer solution.
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Subsequently, 33.6 g (0.56 mol) of ethylenediamine, 10.4 g (0.14 mol) of
1,2-diaminopropane and 5.14 g of diethylamine were dissolved in 656 g of dimethy-
lacetamide, and added to the prepolymer solution at 10 °C or below to produce a
polyurethaneurea solution.

Based on the solid content of the resultant polymer, 1.5 wt% of
ethylenebis(oxyethylene)bis-(3-(5-#-butyl-4-hydroxy-m-toyl)-propionate), 0.5 wt% of
5,7-di-t-butyl-3-(3,4-dimethylphenyl)-3H-benzofuran-2-one, 1 wt% of
1,1,1,1-tetramethyl-4,4'-(methylene-di-p-phenylene)disemicarbazide, 1 wt% of poly(N,
N-diethyl-2-aminoethyl methacrylate), and 0.1 wt% of titanium dioxide were added as
a additive and mixed to produce a polyurethaneurea spinning solution.

The spinning solution was then dry-spun (spinning temperature: 253 °C) to produce
40 denier polyurethaneurea elastic fiber. Physical properties thereof were evaluated,

and the results were shown in Table 1.

Example 2
46 g of 2,4'-diphenylmethanediisocyanate, 413 g of

4,4'-diphenylmethanediisocyanate and 2000 g of polytetramethylene ether glycol
(molecular weight = 1800) were reacted with agitation at 90 °C for 180 minutes in
nitrogen gas flow to produce a polyurethaneurea prepolymer having isocyanate groups
on both ends thereof. The prepolymer was cooled to room temperature, and 3614 g of
dimethylacetamide was added to produce a polyurethaneurea prepolymer solution.
Subsequently, 33.6 g (0.56 mol) of ethylenediamine, 10.4 g (0.14 mol) of
1,2-diaminopropane and 5.14 g of diethylamine were dissolved in 656 g of dimethy-
lacetamide, and added to the prepolymer solution at 10 °C or below to produce a
polyurethaneurea solution.

Based on the solid content of the resultant polymer, 1.5 wt% of
ethylenebis(oxyethylene)bis-(3-(5-#-butyl-4-hydroxy-m-toyl)-propionate), 0.5 wt% of
5,7-di-t-butyl-3-(3,4-dimethylphenyl)-3H-benzofuran-2-one, 1 wt% of
1,1,1,1-tetramethyl-4,4'-(methylene-di-p-phenylene)disemicarbazide, 1 wt% of poly(N,
N-diethyl-2-aminoethyl methacrylate), and 0.1 wt% of titanium dioxide were added as
a additive and mixed to produce a polyurethaneurea spinning solution.

The spinning solution was then dry-spun (spinning temperature: 253 °C) to produce
40 denier polyurethaneurea elastic fiber. Physical properties thereof were evaluated,

and the results were shown in Table 1.

Examples 3 and 4
Polyurethaneurea elastic fiber was prepared in the same manner as in Example 1,

except for changing the proportion of 2,4'-diphenylmethanediisocyanate to
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4,4'-diphenylmethanediisocyanate. Physical properties thereof were evaluated in the

same way, and the results were shown in Table 1.

Example 5
80 g of 2,4'-diphenylmethanediisocyanate, 453 g of

4,4'-diphenylmethanediisocyanate and 2000 g of polytetramethylene ether glycol
(molecular weight = 1800) were reacted with agitation at 90 °C for 180 minutes in
nitrogen gas flow to produce a polyurethaneurea prepolymer having isocyanate groups
on both ends thereof. The prepolymer was cooled to room temperature, and 3512 g of
dimethylacetamide was added to produce a polyurethaneurea prepolymer solution.
Subsequently, 46.6 g (0.78 mol) of ethylenediamine, 14.44 g (0.19 mol) of
1,2-diaminopropane and 7.5 g of diethylamine were dissolved in 909 g of dimethy-
lacetamide, and added to the prepolymer solution at 10 °C or below to produce a
polyurethaneurea solution. Addition of additives and spinning were performed in the
same manner as in Example 1 to produce polyurethaneurea elastic fiber. Physical

properties thereof were evaluated, and the results were shown in Table 1.

Comparative Example 1
459 g of 4,4'-diphenylmethanediisocyanate and 2000 g of polytetramethylene ether

glycol (molecular weight = 1800) were reacted with agitation at 90 °C for 180 minutes
in nitrogen gas flow to produce a polyurethaneurea prepolymer having isocyanate
groups on both ends thereof. The prepolymer was cooled to room temperature, and
3614 g of dimethylacetamide was added to produce a polyurethaneurea prepolymer
solution. Subsequently, 33.6 g (0.56 mol) of ethylenediamine, 10.4 g (0.14 mol) of
1,2-diaminopropane and 5.14 g of diethylamine were dissolved in 656 g of dimethy-
lacetamide, and added to the prepolymer solution at 10 °C or below to produce a
polyurethaneurea solution. Addition of additives and spinning were performed in the
same manner as in Example 1 to produce polyurethaneurea elastic fiber. Physical
properties thereof were evaluated in the same way, and the results were shown in Table
1.

Comparative Examples 2 and 3
Polyurethaneurea elastic fiber was prepared in the same manner as in Example 1,

except for changing the proportion of 2,4'-diphenylmethanediisocyanate to
4,4'-diphenylmethanediisocyanate. Physical properties thereof were evaluated in the

same way, and the results were shown in Table 1.

Table 1
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[Table 1]
[Table |
Mole % of |[NCO% Heat-set U% (yarn Workability
2,4'-MDI efficiency evenness)
Ex. 1 7 2.47 74 1.50 100 %
Ex. 2 10 2.47 80 1.76 100 %
Ex. 3 20 2.47 83 1.80 100 %
Ex. 4 25 2.47 87 1.85 98 %
Ex. 5 15 3.32 70 1.55 99 %
Comp. Ex. 1 |0 2.47 52 2.0 100 %
Comp. Ex. 2 |5 2.47 61 1.5 100 %
Comp. Ex. 3 (30 3.32 87 3.10 86 %
*2,4'-MDI = 2,4'-diphenylmethanediisocyanate

[70]

[71] As shown in Table 1, the polyurethaneurea elastic fiber comprising less than 7 mole
% of 2,4'-diphenylmethanediisocyanate exhibited slightly lower heat-set efficiency.
When the content of 2,4'-diphenylmethanediisocyanate was in excess of 25 mole %,
heat-set efficiency was improved significantly, but yarn evenness reduced significantly
and workability was poor.

[72]

[73] Examples 6 and 7

[74] Circular knitted fabrics were made from the elastic fiber prepared in Example 3 and
nylon yarn, using a circular knitting machine (Mayer Co.) with 38 inches cylinder
diameter, 28 gauge, 120 feeder. They were then treated under heat-setting conditions
shown in Table 2. The selvage curling (%) and hand-feel of the resulting fabrics were
evaluated, and the results were shown in Table 2. 70 denier nylon and 40 denier elastic
fiber were used in preparing the circular knitted fabric. The content of the elastic fiber
was 8 wt%, based on the total weight of the fabric.

[75]

[76] Comparative Examples 4 and 5

[77] Circular knitted fabrics were made in the same manner as in Example 6, except for
using the elastic fiber prepared in Comparative Example 1 and changing heat-setting
conditions as shown in Table 2. The selvage curling (%) and hand-feel of the resulting
fabrics were evaluated in the same manner, and the results were shown in Table 2.

[78]
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Table 2

[Table 2]

[Table |
Pre-setting Finish setting Selvage Hand-feel of
temperature (°C) |temperature (°C) curling (%) |fabric

Ex. 6 170 165 0 Superior

Ex. 7 175 160 0 Superior

Comp. Ex. 4 |190 180 0 Poor

Comp. Ex.5 [180 170 100 Superior

As shown in Table 2, in the process of preparing circular knitted nylon fabric, the
fabric of Example 6 prepared with elastic fiber in Example 3 do not cause selvage
curling even at about 20 °C lower heat-setting temperature, compared to the fabric in
Comparative Example 4 prepared with elastic fiber in Comparative Example 1. Thus, a
superior fabric with good hand-feel can be attained, without thermal degradation of

nylon. Further, cost reduction can be attained by lowering the heat-setting temperature.

The present invention has been described in detail with reference to preferred em-
bodiments thereof. However, it will be appreciated by those skilled in the art that
changes may be made in these embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the appended claims and their
equivalents.

Industrial Applicability

The polyurethaneurea elastic fiber of the present invention has high heat-set
efficiency at low temperature. Therefore, thermal degradation of the fiber that is
weaved together with polyurethaneurea can be prevented with the heat-set process at
low temperature, which resulted in superior hand-feel of the resulting fabric available

in various areas.
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Claims

A method for preparing polyurethaneurea elastic fiber by polymerizing polyol
with excessive amount of diisocyanate to produce a prepolymer (first poly-
merization), and dissolving the prepolymer in an organic solvent and then adding
a chain extender and a chain terminator thereto (second polymerization) to
produce polyurethaneurea elastic fiber, characterized in that the prepolymer is
prepared by reacting a mixture of at least one diisocyanate comprising
4,4'-diphenylmethanediisocyanate and 7 to 25 mole % of
2,4'-diphenylmethanediisocyanate with polyol.

The method according to claim 1, wherein the diisocyanate is at least one
selected from the group consisting of 4,4'-diphenylmethanediisocyanate,
1,5'-naphthalenediisocyanate, 1,4'-phenylenediisocyanate, hexamethylenedi-
isocyanate, 1,4'-cyclohexanediisocyanate, 4,4'-dicyclohexylmethanediisocyanate
and isophoronediisocyanate.

The method according to claim 1, wherein the polyol of the prepolymer is one
selected from the group consisting of polytetramethylene ether glycol,
polypropylene glycol, polycarbonate diol and a combination thereof.

The method according to claim 1, wherein the chain extender is at least one
selected from the group consisting of ethylenediamine, 1,2-diaminopropane,
1,3-diaminopropane, 1,4-diaminobutane, 2,3-diaminobutane,
1,5-diaminopentane, 10,6-hexamethylenediamine, 1,4-cyclohexanediamine and a
combination thereof.

The method according to claim 1, wherein weight proportion of isocyanate of the
prepolymer is from 1.75 % to 4.13 %.

Polyurethaneurea elastic fiber prepared by the method of claim 1, which has
superior spinning workability, improved yarn evenness, and high heat-set

efficiency at low temperature.

10
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