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(54) [Title of Invention] HIGH STRENGTH POLYETHYLENE FIBER HAVING CREEP RESISTANCE

(57) [Scope of Patent Claims]
[Claim 1] A creep-resistant high strength polyethylene fiber, comprising 
of a polymer mainly composed of an ultra high molecular polyethylene 
having a viscosity average molecular weight of 500,000 or higher 
substantially and has a strength of 25 g/d or higher and a modulus of 
elasticity of 1580 g/d or higher, wherein the creep rate under a load of 
50°C and 9 g/d is 5 × 10-6 sec-1 or less.
[Claim 2] The polyethylene fiber according to claim 1, wherein a weight 
fraction of additives and residual solvent other than the polymer mainly 
composed of polyethylene is 1000 ppm or less.
[Claim 3] The polyethylene fiber according to claim 1 or 2, wherein the 
polymer mainly composed of polyethylene is composed of polyethylene 
alone or is a copolymer of ethylene with another α-olefin, or a blend of 
polyethylene and polyethylene copolymer.
[Claim 4] The polyethylene fiber according to any of claims 1 to 3, 

wherein a g value obtained from a Hosemann plot (Hosemann Plot) of a 
(110) plane index obtained by wide angle X-ray measurement of the 
polyethylene fiber and higher order peak groups thereof is 0.035 or less.
[Detailed Description of Invention]
(Field of Industrial Applicability)

The present invention relates to a high strength polyethylene fiber 
having extremely superior creep resistance.
(Prior Art)

Attempts to obtain a polyethylene fiber having high strength and 
high modulus of elasticity by using so-called super high molecular weight 
polyethylene having a viscosity average molecular weight of several 
hundred thousand to several million as a raw material have been actively 
conducted in recent years, and polyethylene fibers having very high 
strength and modulus of elasticity have been developed (for example, see 
JP S56-15408 A and JP S55-107506 A).
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(2) HIGH STRENGTH POLYETHYLENE
FIBER HAVING CREEP RESISTANCE

Reasons why ultra high molecular weight polyethylene was first 
increased in strength as a flexible polymer material include that the 
primary structure thereof is extremely simple. However, polyethylene has 
a drawback in that it does not have a hydrogen bond between molecular 
chains and readily creeps. These drawbacks significantly limit the scope 
of application of polyethylene fiber in applications where long-term loads 
are applied.

Conventionally, as attempts to improve the creep resistance of 
polyethylene fibers, tests aimed to introduce crosslinking between 
molecular chains by thermal means or means such as electron beam 
irradiation, whether adding or not adding a crosslinking agent, but 
introducing crosslinking while maintaining high strength of polyethylene 
fibers remains extremely difficult, and thus creep resistance and high 
strength cannot both be accomplished.

Furthermore, JP S61-28911 A teaches that the creep resistance of 
polyethylene fiber was improved by post-drawing or heat treatment, but 
there were problems from the perspective of economics and productivity 
due to the extremely low-speed drawing and the complicated process.
(Problem to Be Solved by Invention)

As a result of diligent research, the present inventors discovered that 
there is little disorder in the crystal structure in polyethylene fiber and 
that creep resistance is more favorable the more scarce impurities other 
than polyethylene are, thereby completing the present invention.

Accordingly, an object of the present invention is to provide a high 
strength polyethylene fiber that has high strength and high modulus of 
elasticity and yet has extremely superior creep resistance that has never 
been achieved before, and a method for producing the same.
(Means for Solving Problem)

The present invention is a creep-resistant high strength polyethylene 
fiber, provided with a polymer mainly composed of ultra high molecular 
polyethylene having a viscosity average molecular weight of 500,000 or 
higher substantially and has a strength of 25 g/d or higher and a modulus 
of elasticity of 1580 g/d or higher, wherein the creep rate under a load of 
50°C and 9 g/d is 5 × 10-6 sec-1 or less.

The present invention will be described in detail below.
Manufacturing fibers having high strength and high modulus of 

elasticity using ultra high molecular weight polyethylene substantially 
having a viscosity average molecular weight of 500,000 or more, which 
is a flexible polymer, hinges on how long and uniformly aligned the 
molecular chains are made, but in actuality, because the molecules of 
polyethylene are flexible in themselves, molecular chains are entangled 
with each other, and crystallization proceeds while remaining in a state 
such as molecular chain folding, and thus fiber manufacturing is difficult 
with conventional melt extrusion art.

Such molecular chain folding, molecular ends, and the like are 
present as amorphous portions, but when incorporated into a crystal, 
these become defects within the crystal. In recent years, a model in which 
the structure of a high strength polyethylene drawn product is a single 
layer system in which amorphous portions (defects) are localized in the 
crystal has become popular, and g values from Hosemann plots 
(Hosemann Plot) are used as a method for quantitatively describing 
disorder of such crystals.

Upon conducting a detailed investigation of the relationship 
between g value, other defects in the crystal and impurities other than 
polyethylene, and creep characteristics, the present inventors discovered 
that the greater the amount of disorder in the crystals or the greater the 
amount of impurities such as residual solvent and additives, the worse the 
creep resistance. Although the cause is not clear, it is presumed that 
disorder in the crystal causes weaker intermolecular force, promoting slip 
between molecular chains, or that displacement that causes this defect to 
move along with creep is the dominant cause.

From this perspective, as will be described below, a method was 
discovered for producing ultra high molecular weight polyethylene fibers 
that have more complete crystals than considered until now and that do 
not contain impurities, and a high strength polyethylene fibers having 
creep resistance that could not be obtained conventionally was 
successfully obtained. What is emphasized here is that the ultra high 
molecular weight polyethylene fiber according to the present invention 
not only has improved creep resistance, but also maintains the high 
strength and high modulus of elasticity inherent to ultra high molecular 
weight polyethylene fiber and is superior.

The polymer mainly composed of polyethylene used in the present 
invention may be polyethylene alone described below, a copolymer of 
ethylene and another α-olefin such as propylene, butene, or the like, or a 
blend of a polyethylene homopolymer and these polyethylene 
copolymers. Introduction of side chains such as methyl and ethyl into the 
main chain of a polymer is effective from the perspective of improving 
creep resistance, but when the side chains increase too much, the 
drawability during fiber production decreases significantly, and physical 
properties such as strength decrease significantly, which is not preferable.

Accordingly, from the perspective of high strength and high 
modulus of elasticity, which are objects of the present invention, side 
chain components introduced via a useable polyethylene copolymer or 
polyethylene copolymer mixed in as a blend are preferably not very bulky, 
such as methyl groups or ethyl groups, and the content ratio is preferably 
1 or less per 1000 main chain carbons.

As described above, the polymer mainly composed of polyethylene 
used in the present invention must have a viscosity average molecular 
weight of 500,000 or more, preferably 1,000,000 or more, and more 
preferably 1,500,000 or more. This ultra high molecular weight is an 
essential requirement for the production of high strength polyethylene 
fibers, and this has an effect of reducing defects derived from molecular 
terminals by decreasing the number of molecular terminals via molecular 
weight increase.

As described above, manufacturing a high strength polyethylene 
fiber using a polymer mainly composed of ultra high molecular weight 
polyethylene is difficult with a normal melt spinning method, as 
mentioned above. Therefore, one example of an appropriate method for 
this is a method that is normally known as a "gel spinning method" using 
a solvent as disclosed in, for example, JP S55-107506 A and the like. 
According to this gel spinning method, to a certain extent, a polyethylene 
fiber having a strength of 25 g/d or more and a modulus of elasticity of 
800 g/d or more can be obtained. However, it has a drawback that creep 
resistance is poor. This is because, as described above, defects and 
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(3) HIGH STRENGTH POLYETHYLENE
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impurities are present in the crystal of the fibers.
Therefore, it was discovered that the following is important in order 

to reduce defects and impurities in the fiber crystals as much as possible 
and improve creep resistance.

First, in order to obtain the polyethylene fiber having superior creep 
resistance according to the present invention, it was found that it is 
important that the amount of residual components other than the polymer 
mainly composed of polyethylene that are contained in the polyethylene 
fiber, specifically, the amount of solvent and additives, be 1000 ppm or 
less in terms of weight fraction. When the residual components exceed 
1000 ppm, the creep resistance deteriorates significantly.

A gel spinning method is suited as the method for producing the 
polyethylene fiber according to the present invention, and thus a large 
amount of a solvent is inevitably used as described below. Therefore, the 
used solvent is the main residual component. When additives other than 
solvents are also used, the residual components must be 1000 ppm or less, 
including these. Such additives other than solvents include antioxidants 
that are added in order to prevent molecular weight reduction during the 
fiber manufacturing process. However, it was discovered that, in 
production of the polyethylene fiber of the present invention, when 
mixing and dissolving a mixture of solvent and polymer components, 
equivalent effects can be obtained without using antioxidants by reducing 
the heating atmosphere to a substantially oxygen-free state, specifically 
to a reduced pressure of 150 mmHg or less, in a screw extruder. 
Accordingly, an antioxidant is preferably not used. Furthermore, it is 
preferable that other normal additives be used as little as possible.

In the method of the present invention, as described above, a 
polymer mainly composed of polyethylene having a viscosity average 
molecular weight of 500,000 or more is used for spinning by a gel 
spinning method, and thus a mixture of the foregoing polymer 
components and solvent is used as a mixture of raw materials for spinning. 
The ratio of the polymer component to the solvent varies depending on 
the molecular weight of the polymer component and the type of the 
solvent used, but 95 to 80 parts by weight of the solvent is used with 
respect to 5 to 20 parts by weight of the normal polymer component.

As for solvents that can be used, it is essential to use a volatile 
solvent so that the ratio of the residual components, that is, the solvent 
component and additives, in the fiber that is ultimately formed is 1000 
ppm or less, and it is favorable to use a solvent having a melting point 
lower than the melting point of the polymer component and a boiling 
point higher than the melting point of the polymer component by 15°C 
or more, and insofar as possible no greater than 15°C higher.

Solvents that can be used change based on the molecular weight of 
the raw material polyethylene, but examples include decalin, tetralin, 
dichlorobenzene, naphthalene, mixtures thereof, and the like.

In principle, in the present invention, it is preferable to use a mixture
composed of only the ultra high molecular weight polymer component 
and solvent described above as the spinning solution.

In the method of the present invention, a mixture containing the 
polymer component and solvent component described above is fed to a 
screw extruder under reduced pressure of 150 mmHg or less, and mixed 
and dissolved so as to become sufficiently uniform, extruded from a 

spinning nozzle, the obtained gel-like undrawn yarn is heated to remove 
the solvent, and the undrawn yarn is drawn simultaneously with or 
subsequently to the heating.

The undrawn yarn obtained after extrusion is heated at 90°C or 
higher, preferably at 100 to 130°C in a heated oven for a residence time 
of 0.5 minutes or longer, and preferably for 0.7 minutes or longer. 
Furthermore, drawing may be performed to 3x or more, preferably 4x or 
more.

Note that removing the solvent when manufacturing polyethylene 
fiber using a mixture of a solvent and a polymer mainly composed of 
ultra high molecular weight polyethylene is disclosed, for example, in JP 
S58-5228 A, and the object of this invention is to improve operability of 
subsequent drawing processes, so residual solvent is not taken into 
consideration at all. Accordingly, no consideration has been given to 
improving creep resistance.

The polyethylene fiber of the present invention must have a structure 
having very little disorder in the crystal structure in the fiber in addition 
to having few residues, as described above. Examples of measurement 
methods that express crystal disorder include a (110) plane index 
obtained by wide-angle X-ray measurements described in X-Ray 
Diffraction Methods in Polymer Science. P. 424, L. E. Alexander, Robert 
E. Krieger Publishing Company. Inc., and the g value of a Hosemann plot 
(Hosemann Plot) of higher order peak groups. The fiber according to the 
present invention has a g value of 0.035 or less and has very little 
structural disorder, which is thought to be one of the causes of low 
creeping.

In order to create such a structure having little disorder, the most 
important factor is the melting condition in the screw, and it is necessary 
to select a screw rotation speed and temperature that sufficiently 
homogeneously mix so that the g value is 0.035 or less.

Furthermore, the concentration of the solution is important, and it is 
important that the fraction of the polymer component be 5 to 20 parts by 
weight, preferably 5 to 12.5 parts by weight. The higher the concentration, 
the more entanglement of the molecule increases, leading to defects in 
the crystal.

As described above, the present invention first gains excellent creep 
resistance through a synergistic effect where the residual weight fraction 
of other components in the formed polyethylene fiber is 1000 ppm or less 
and the g value according to the Hosemann plot is 0.035 or less.

That is, the polyethylene fiber according to the present invention has 
a strength of 25 g/d or higher and a modulus of elasticity of 1580 g/d or 
higher, which are conventional for ultra high molecular weight 
polyethylene fibers, and has excellent creep resistance in the form of a 
creep rate (CRV 50) of 5×10-6 sec-1 or less measured under load at 50°C 
and 9 g/d.
(Effect)

A high strength polyethylene fiber having excellent creep resistance 
can be obtained by keeping the residual components, particularly the 
solvent and additives, in fibers made from a polymer mainly composed 
of ultra high molecular polyethylene at 1000 ppm or less and by reducing 
the disorder of the crystal structure.

HONEYWELL Ex. 1008, Page 3 of 11 
HONEYWELL INTERNATIONAL INC. v. DSM IP ASSETS B.V.

IPR2024-00493



(4) HIGH STRENGTH POLYETHYLENE
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(Examples)
The present invention will be described below with reference to the 

present example. Note that the method for measuring creep rate and g 
value were as follows.
Method of measuring g value

The g value used in the present specification is measured using a 
method known as a Hosemann plot described in, for example, X-Ray 
Diffraction Methods in Polymer Science. P. 424, L. E. Alexander, Robert 
E. Krieger Publishing Company. Inc., and the method is as follows:

A wide-angle X-ray diffraction curve perpendicular to the fiber axis 
of a sample is measured using a wide-angle X-ray device for normal fiber 
measurement (for the method applied at this time, and in particular 
various corrections such as scattering angle, see, for example, "X-ray 
crystallography (overseen by Isamu Nita)" issued by Maruzen Co., Ltd.).

Integral widths B of the (110) and (220) peaks of the obtained 
scattering curves were found and defined as B110 and B220. However, 
because each B value includes a peak spread b specific to the device, they 
are corrected as follows (shown with B110)

The square value of B thus corrected is plotted against the fourth 
power of a surface index (h). The g value can be calculated by the 
following equation from the slope and intercept of the straight line 
passing through both points.
B2 1a2 × (1/N2 π4g4h4)

Here, B: integration width (degree)
a: Surface spacing of crystal lattice (degree-1)
N: Number of repetitions of the lattice in the microcrystal

Creep rate
The creep rate used in the present specification can be determined 

by, for example, the method described in Journal Polymer Science, Vol. 
22, Page 561 (1961). The method refers to strain rate when the change in 
the strain rate with respect to time becomes constant after a load is applied 
to a sample or when the change rate becomes a minimum, that is, 
deformation rate in a plateau creep (Plateau creep). In particular, for the 
creep rate (CRV 50) in the present specification, a load of 9 g/d is applied 
to a yarn sample adjusted to a temperature of 50°C. CRV 50 (sec-1) is 
given by the following equation, where the length of the original sample 
is I0 (cm), the length after 2 hours is I1 (cm), and the length after 22 hours 
is I2 (cm).
CRV 50 (I2 − I1)/(20 × 3600 × I0

Example 1
Five parts by weight of ultra high molecular weight polyethylene 

having a viscosity average molecular weight of 1,900,000 and 95 parts 
by weight of decalin were kneaded and dissolved using a screw extruder 
at a temperature of 210°C and 300 rpm, and extruded from an orifice 
having a diameter of 0.5. At this time, pressure from the mixing tank of 
the ultra high molecular weight polyethylene solution to the extruder was 
substantially maintained at 150 mmHg. The extruded filament was 
cooled by air flow, drawn at a draw rate of 30 m/minute, and drawn to 6x 
in an air oven adjusted to 100°C. In this case, the average residence time 
of the filament in the oven was 0.95 minutes. Note that the average 
residence time (Tr) is expressed by the following equation.

Tr = 2L/(V0 + R × V0) (minutes)
Here, L: oven length (m), V0 feed rate (m/minute)

R: draw ratio
This yarn was continuously drawn to 5x in a heated atmosphere at a 

temperature of 100°C. The final winding rate was 100 m/minute. The 
strength of the obtained drawn yarn was 37 g/d, and the modulus of 
elasticity was excellent at 1580 g/d. Furthermore, as a result of analyzing 
the extract from the drawn yarn by a method such as gas chromatography, 
the remaining residual materials other than polyethylene were 55 ppm. 
The g value, creep rate, and solvent residual fraction are shown below in 
Table 2.
Comparative Examples 1 to 3 and Examples 2 and 3

A yarn was produced using the same manufacturing method as 
example 1, except that the number of screw revolutions and the melting 
temperature (screw temperature) of the melting were changed as shown 
in Table 1 below. However, when the final draw ratio was low, drawing 
was performed at a possible ratio. Note that paraffin wax (non-volatile) 
was used as the solvent in comparative example 2.

Table 1

Example 4
A yarn was produced by the same method as working example 1, 

except that 10 parts by weight of an ultra high molecular weight 
polyethylene with a viscosity average molecular weight of 1,900,000 and 
90 parts by weight of decahydronaphthalene were used. The physical 
properties of the finished yarn were excellent at a strength of 35 g/d and 
a modulus of elasticity of 1720 g/d.
Comparative Example 4

A yarn was produced by the same method as working example 1, 
except that 30 parts by weight of an ultra high molecular weight 
polyethylene with a viscosity average molecular weight of 1,900,000 and 
70 parts by weight of decahydronaphthalene were used. However, only 
drawing to 3x was possible during drawing in the second stage, but a
drawn product having tensile strength of 31 g/d and modulus of elasticity 
of 1120 g/d as physical properties was obtained.
Comparative Example 5

A yarn was produced by the same method as example 1, other than 
using ultra high molecular weight polyethylene having a viscosity 
average molecular weight of 400,000. The physical properties of the yarn 
obtained were insufficient at a strength of 18 g/d and a modulus of 
elasticity of 800 g/d.

Experiment 
No.

Example 1

Comparative 
Example 2

Example 3

Example 2

Comparative 
Example 3

Screw 
Temp.

Screw 
Rotation 

Rate

Drawable 
ratio

Strength Modulus 
of 

elasticity
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(5) HIGH STRENGTH POLYETHYLENE
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Comparative Example 6
A yarn was produced using the same polymer and polymer 

concentrations as example 1, and with nearly the same yarn-making 
conditions. However, an antioxidant (trade name “Yoshinox BHT”: 
manufactured by Yoshitomi Pharmaceutical Industries, Ltd.) was 
added in an amount of 1 part by weight relative to the polymer when 
the polymer dope was created, and the polymer was placed in an 
atmosphere substantially similar to the natural atmosphere, from the 
doping until the screw feeding part. The physical properties of the fiber 
obtained were a strength of 39 g/d and a modulus of elasticity of 1623
g/d.
Comparative Example 7

An undrawn yarn was produced under the extrusion conditions of 
example 1 from a mixture of 15 parts by weight of ultra high molecular 
weight polyethylene having a viscosity average molecular weight of 
1.9 million and 85 parts by weight of paraffin wax (melting point = 48
to 50°C). This undrawn yarn was drawn to 5x in a drawing tank of n-
hexane while extracting paraffin. Subsequently, drawing was 
performed to 6x in an oven in an atmosphere of 143°C. The physical 
properties of the fiber obtained were a strength of 33 g/d and a modulus 
of elasticity of 1323 g/d.
Comparative Example 8

The method was the same as example 1, except that drawing was 
performed to 3x in one stage in an oven having a zone length of 50 m. 
The residence time Tr in the oven was 0.47 minutes.

The strength was 34 g/d, and the modulus of elasticity was 
favorable at 1390 g/d.
g value and creep rate

Table 2 shows the g values of the yarn produced in each example 
and comparative example, the residual fraction other than polyethylene 
obtained by the GC/MS method, and the creep rate under load at 50°C
and 9 g/d. Thus, it can be seen that when the g value exceeds 0.03, the 
residual components exceed 1000 ppm, or when the dissolution and 
mixing are insufficient and the mixture does not form a uniform 
mixture, and the selected conditions are not favorable, the creep rate 
increases to an extreme degree.

Table 2

Experiment 
No.

Example 1

Example 3

Example 2

Example 4

Comparative 
Example 3

Comparative 
Example 2

Comparative 
Example 1

Comparative 
Example 4

Comparative 
Example 5

Comparative 
Example 6

Comparative 
Example 7

Comparative 
Example 8

g Value Creep Rate Residual 
Fraction
(ppm) Sy

m
bo

l
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DECLARATION OF TRANSLATOR

I, Eric Vance, hereby declare as follows:

1. I personally prepared the attached translation from Japanese into English of

the patent that is entitled “ ” in

Japanese and “HIGH STRENGTH POLYETHYLENE FIBER HAVING CREEP 

RESISTANCE” in English (also attached).

2. The attached translation is, to the best of my knowledge, a true, full and

accurate translation of the attached Japanese document. 

3. I am competent to perform this translation, because I have 5 years of

experience as a professional Japanese-to-English patent translator. 

4. I declare under the penalty of perjury under the laws of the United States

that the foregoing is true and correct; and further declare that I am aware that willful false 

statements and the like so made are punishable by fine or imprisonment, or both, under

1001 of Title 18 of the United States Code. 

Dated: 14-9-2

15 W. 37th Street 8th Floor 
New York, NY 10018 

212.581.8870
ParkIP.com
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