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(54) [Title of Invention] COLORED HIGH-STRENGTH POLYETHYLENE FIBER

(57) [Summary]
[Problem] Provided is a colored high-strength polyethylene 
fiber that maintains high strength and high modulus of 
elasticity, has excellent weather resistance, and has 
sufficient fastness.
[Resolution Means] A high-strength polyethylene fiber 
which contains a pigment composed of a particle aggregate 
having an average particle diameter of 10 to 100 nm, has a 
strength of 2.0 GPa or more, and has an initial modulus of 
elasticity of 70 GPa or more.
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[Scope of Patent Claims]
[Claim 1] A high-strength polyethylene fiber containing a 
pigment composed of a particle aggregate having an average 
particle diameter of 10 to 100 nm, having a strength of 2.0 
GPa or more, and an initial modulus of elasticity of 70 GPa 
or more.
[Claim 2] The strong polyethylene fiber according to claim 
1, wherein the particle aggregate is configured from 10 or 
fewer particles.
[Claim 3] The strong polyethylene fiber according to claim 
1, wherein the pigment content is 0.01 to 2.50 wt%.
[Detailed Description of Invention]
[0001]
[Technical Field of the Invention] The present invention 
relates to a colored high-strength polyethylene fiber. In 
further detail, the present invention relates to a high-strength 
polyethylene fiber suitable as a material for highly strong 
ropes, nets, fishing lines, protective goods, and clothing-
approximating goods, which require aesthetics.
[0002]
[Conventional Art] Conventionally, taking advantage of 
their excellent properties such as strength, modulus of 
elasticity, and chemical resistance, high-strength 
polyethylene fibers have been widely used in fields such as 
ropes, fishing lines, cords, and high-performance clothing, 
for example uniforms, seatbelts, and safety belts. However, 
a colored high-strength polyethylene fiber having excellent 
light resistance and sufficient fastness has not been obtained 
at present, and therefore, uses of high-strength polyethylene 
fibers tend to be limited. In order to color a high-strength 
polyethylene fiber, there is a so-called “spin-dyeing 
method” of producing by mixing various dyes, pigments, or 
inorganic compounds such as carbon black and titanium 
oxide with a raw material polymer, or a method for obtaining 
a colored fiber by various dyeing techniques generally 
performed after forming the fiber. In the spin-dyeing 
method, because an inorganic compound or the like is added 
in the manufacturing process, the additive acts as a defect in 
the crystal formation process and the like for expressing high 
strength, and is a factor in strength reduction, and therefore 
becomes difficult to add at a high concentration. On the 
other hand, when a technique for dyeing fibers after 
formation is applied to high-strength polyethylene fibers, it 
has been difficult to obtain dyed goods or colored goods 
having sufficient fastness from a polyethylene having a very 
high degree of crystallinity and a simple structure.
[0003]
[Problem to be Solved by Invention] The present invention 
is the result of diligent research into the particle diameter, 
agglomeration state, and content of pigments that do not act 
as defects in the crystal formation process and the like for 
expressing high strength, and a method for obtaining a high-
strength polyethylene fiber in which the colored high-
strength polyethylene fiber has excellent light resistance and 
sufficient fastness.
[0004]
[Means for Solving Problem] That is, the present invention 
is a high-strength polyethylene fiber containing a pigment 
composed of a particle aggregate having an average particle 

diameter of 10 to 100 nm, having a strength of 2.0 GPa or 
more, and an initial modulus of elasticity of 70 GPa or more. 
As specific aspects thereof, there is a strong polyethylene 
fiber described above wherein the particle aggregate is 
composed of 10 or fewer particles and the strong 
polyethylene fiber described above wherein a pigment 
content is 0.01 to 2.50 wt%.
[0005] With respect to a high-strength polyethylene fiber 
colored while maintaining a sufficiently high strength, it is 
essential that the colorant contained in the fiber is composed 
of a pigment such as an organic pigment, inorganic pigment,
and carbon black. This is because the pigment particles in 
the fiber are incorporated into the polyethylene crystal, and 
therefore migration to outside the fiber is suppressed, 
therefore it is thought that the pigment particles will be held 
stably.
[0006] In colored high-strength polyethylene fiber, the 
average particle diameter of the pigment, which is a particle 
aggregate dispersed in the cross-section of the fiber, is 
preferably in the range of 10 nm to 100 nm. This is because 
the particles of the pigment are of a diameter that does not 
act as a defect during orientated crystallization that occurs 
during the fiber formation process of the polyethylene and is 
thus incorporated into the crystal. That is, when the average 
particle diameter exceeds 100 nm, it acts as a defect during 
crystallization, and the colored high-strength polyethylene 
fiber obtained as a result thereof has low strength. On the 
other hand, migration occurs when the average particle 
diameter is less than 10 nm, which is not preferable.
[0007] The particle aggregate is preferably constituted of 10 
or fewer particles. When more than 10 are used, the colored 
high-strength polyethylene fiber is hindered from expressing 
strength and stretchability and as a result, the colored high-
strength polyethylene fiber has a low strength and 
stretchability. Between 1 and 8 particles are preferred.
[0008] In the high-strength polyethylene fiber colored while 
maintaining sufficiently high strength, the content of the 
pigment—which is a colorant contained in the fiber—is 0.01 
to 2.50 wt%, preferably 0.10 to 2.00 wt%, a coloring effect 
cannot be demonstrated at less than 0.01 wt%, and when the 
content of the pigment exceeds 2.50 wt%, weather resistance 
of the high-strength polyethylene fiber is favorable but 
strength and initial modulus of elasticity are reduced.
[0009] The colored high-strength polyethylene fiber has a 
strength of at least 2.0 GPa or more, preferably 3.5 GPa or 
more, and has an initial modulus of elasticity of 70 GPa or 
more, preferably 80 GPa or more.
[0010] The strength and stretchability measurements were in 
accordance with JISL-1013 (1981). That is, using Tensilon 
manufactured by Orientek, the S-S curve was measured 
under conditions of a test length of 200 mm and a tension 
speed of 100 mm/min., the S-S curved line was measured 
using a tensile breaking strength and under the conditions of 
a test length of 200 mm and a tension speed of 100 mm/min., 
and the tensile breaking strength and tensile initial modulus 
of elasticity were calculated. The tensile initial modulus of 
elasticity was calculated from the maximum gradient near 
the origin of the curve.
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[0011] The weather resistance was evaluated by 63±3°C of 
irradiation temperature, 150 hours of irradiation time, and 
12 minutes of rainfall every 60 minutes in a Sunshine 
Super, long life, weather life, weather meter (WEL-SUN-
HCH-B BR).
[0012] The distribution of pigment and the evaluation of 
particle diameter in a fiber cross-section were measured 
under the following conditions. The sample was embedded 
in epoxy resin and left to stand overnight at 60°C to cure. 
An ultrafine slice of about 70 mm thickness was prepared 
from the cured embedded sample using a diamond-
equipped ultramicrotome manufactured by LKB. 
Processing was performed to improve cuttability of the 
slice, and the ultrathin slice was placed on a carbon vapor-
deposited Formvar support film to be a sample for TEM 
observation. The TEM observation used JEM-2010 type 
TEM manufactured by JEOL. The magnification is 50,000 
times.
[0013] As a technique for manufacturing the high-strength 
polyethylene fiber, a method for stretching gel filaments 
obtained by solution spinning an ultra-high molecular 
weight polyethylene solution as described in JP S55-
107506 A and JP S56-154508 A is used. The present 
invention is also carried out in accordance with the 
techniques described in the aforementioned publications.
[0014] The present invention will be described below in 
detail using examples and comparative examples, but the 
present invention is not restricted to each example so long 
as the essentials thereof are not exceeded.
[0015]
[Examples]
(Example 1) A mixture of 10 wt% of ultra-high molecular 
weight polyethylene having a viscosity average molecular 
weight of 3,200,000 and 90 wt% of decahydronaphthalene 
was kneaded and dissolved using a screw extruder set to a 
temperature of 180°C to 220°C, extruded from an orifice of 
a 0.5 mm diameter and drawn at a drawing speed of 75 
m/min., and then stretched four-fold in an oven under heated 
air (100°C). In this case, carbon black obtained by subjecting 
carbon black REGAL 330R (average diameter of 
agglomerates: 1.41 mm, Max 9.29 mm, Min 0.22 mm) 
manufactured by Cabot to fine pulverization processing was 
added as a colorant to the mixture of polyethylene and 
decahydronaphthalene at 0.05 wt% relative to 
decahydronaphthalene. By further stretching the obtained 
intermediate stretched product to 4.3 fold, a colored high-
strength polyethylene fiber having a strength of 3.62 GPa 
and an initial modulus of elasticity of 129 GPa was obtained.

Furthermore, the particle diameter of the carbon black 
dispersed in the fiber cross-section was in the range of 10 
nm to 50 nm, and the number of aggregated particles was 1 
to 6. Furthermore, the evaluation results for the weather 
resistance of this fiber were excellent at grade 4 to 5, and 
the strength retention rate was 90%.
[0016] (Example 2) A high-strength polyethylene fiber was 
produced by the same method as in example 1, except that 
carbon black subjected to fine pulverization processing was 
added at 0.20 wt% relative to decahydronaphthalene. The 
obtained colored high-strength polyethylene fiber had a 
strength of 2.5 GPa and an initial modulus of elasticity of 
90 GPa, and the evaluation results for the weather 
resistance of the fiber were grade 4 to 5.
[0017] (Example 3) A high-strength polyethylene fiber was 
produced by the same method as in example 1, except that 
carbon black subjected to fine pulverization processing was 
added at 0.25 wt% relative to decahydronaphthalene. The 
obtained colored high-strength polyethylene fiber had a 
strength of 1.9 GPa and an initial modulus of elasticity of 
67 GPa. The evaluation results of the weather resistance 
were grade 4 to 5.
[0018] (Comparative Example 1) A high-strength 
polyethylene fiber was produced by the same method as in 
example 1, except that carbon black not subjected to 
colorant fine pulverization processing was added at 0.05 
wt%. The fibers obtained were colored high-strength 
polyethylene fibers with a strength of 1.8 GPa and an initial 
modulus of elasticity of 60 GPa. Furthermore, the particle 
diameter of the carbon black dispersed in the fiber cross-
section was in the range of 50 nm to 100 nm, and the 
number of aggregated particles was about 15 to 30. 
Furthermore, the evaluation results for the weather 
resistance of these fibers were unfavorable at grade 3. 
There was difficulty in spinnability, and an evaluable 
portion was used in the evaluation of the fibers.
[0019] (Comparative Example 2) Furthermore, spinning 
was attempted having carbon black not subjected to the 
above fine pulverization treatment added at 0.10 wt%, but 
spinning was not possible.
[0020]
[Effect of the Invention] According to the present 
invention, it is possible to provide a colored high-strength 
polyethylene fiber that maintains high strength and high 
modulus of elasticity, has excellent weather resistance, and 
has sufficient fastness.
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