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(54) PREPARATION METHOD FOR ULTRAHIGH MOLECULAR WEIGHT POLYETHYLENE FIBER

(57) The invention discloses a preparation method
with low energy consumption and low cost for high-
strength and high-extension ultrahigh molecular weight
polyethylene fiber. The method comprises two steps:
firstly, preparing modified polyethylene master batch;
and secondly, adding the prepared modified polyethyl-
ene master batch to a selected ultrahigh molecular
weight polyethylene resin, uniformly mixing to prepare
ultrahigh molecular weight polyethylene, and further per-
forming melt spinning. The prepared ultrahigh molecular
weight polyethylene fiber has fiber strength of 15CN/

dtex-25CN/dtex and elongation at break of 5%-8%. The
method disclosed by the invention has the advantages
of short production flow, low energy consumption, envi-
ronmentally friendly, low manufacturing cost, high stan-
dalone capacity and the like. The produced product can
be widely used in the fields such as twist-knitting various
ropes, braiding fishnets and weaving various industrial
cloth, industrial belts and the like, and it can effectively
retain high fiber strength while being used.



EP 2 639 346 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field:

[0001] The invention discloses an innovative produc-
tion method with low energy consumption and low cost
for preparing high-strength and high -extension ultrahigh
molecular weight polyethylene fiber from ultrahigh mo-
lecular weight polyethylene resin by adopting a melt spin-
ning technology.

Background Arts:

[0002] Ultrahigh molecular weight polyethylene fiber
having excellent performances such as high strength,
low density, high modulus, high impact toughness, light
resistance, good corrosion resistance and the like is re-
garded as a novel high-performance material, which is
one of three current major types of high-tech fiber world-
wide(carbon fiber, aramid fiber and ultrahigh-strength
polyethylene fiber), and the products thereof can be wide-
ly used in the fields such as quartermaster equipment for
national defense, aerospace, special composite materi-
als, ocean engineering ropes, fishnets and the like. There
are two classes of known production methods, as follows:

Class 1: the technologies is disclosed in Dutch patent
NL7900990, US patent US430577, European patent
EP0064167 and Chinese patents ZL85107352,
ZL97106768.6, ZL03106030.7, CN1995496A,
CN101205633A, CN101205637A and other patent
literatures, wherein all the technologies adopt a so-
lution gel spinning method employing decalin, min-
eral oil, paraffin oil, pure white oil and kerosene as
solvents, and the production process is performed
in the following four steps:

1. firstly adding ultrahigh molecular weight pol-
yethylene resin into a solvent with a weight ratio
of 5%-25%, heating, diluting and swelling,
wherein the proportion of the solvent is 75%-
95% (weight ratio), the swelling temperature is
90°C-110°C, and the swelling time is 1-2 hours;

2. delivering the swelled ultrahigh molecular
weight polyethylene solution into twin screws for
melt extrusion spinning, quenching by chilled
water to form gel as-spun fiber, winding the gel
as-spun fiber and placing it in a barrel for stor-
age;

3. transmitting the gel as-spun fiber into an ex-
traction agent, such as solvent naphtha, dimeth-
ylbenzene and methylene dichloride by using a
traction machine, performing reverse transmis-
sion extraction at a certain speed, and complete-
ly extracting all the solvent in the gel fiber; and

4. further performing drying, pre-drawing and ul-
tra-drawing on the as-spun fiber after extraction
by adopting a traction machine to prepare the
fiber with high strength and high modulus. With
regard to the fiber obtained by such technolo-
gies, the fiber strength is more than 30CN/dtex,
and the modulus is more than 1000CN/dtex.
Currently, the technologies are high in degree
of industrialization and mature at home and
abroad, however, they have the defects such as
long production flow, high energy consumption,
high material consumption, high manufacturing
cost and the like.

Class 2: a technology for preparing high- strength
polyethylene fiber by blending and melting of ultra-
high molecular weight polyethylene and low- density
polyethyleneis disclosed in Chinese patent literature
CN101230501A, wherein the ultrahigh molecular
weight polyethylene selected has a molecular weight
of 1.2 million- 1.8 million and the low- density poly-
ethylene has a molecular weight of 25, 000- 40, 000,
they are mixed with a mixing ratio of 10: 1, then twin
screws are used for melt extrusion spinning, and the
obtained fiber has a strength of 15- 30g/D, a modulus
of 400- 1000g/D and elongation at break of 2.5%-
3.5%. The technology selects the two raw materials
having great difference in molecular weight distribu-
tion for mixing, which results in very small fiber elon-
gation percentage (2.5%- 3.5%) and great strength
loss (the strength loss can be 30%- 60%) and the
like will occur if the fiber is used in the fields of multiple
twisting for producing ropes, braiding of fishnets,
weaving of industrial cloth and the like, and the fiber
is further not suitable for applications in the fields of
ropes, fishnets and the like.

Invention contents

[0003] Through long-term research and extensive ex-
periments, the applicant invents ultrahigh molecular
weight polyethylene fiber which can eliminate the defects
of the above products and a method for preparing the
same on the basis of the prior art.
[0004] According to the invention, the high-strength
and high-extension polyethylene fiber is obtained by em-
ploying ultrahigh molecular weight polyethylene powder
resin with a molecular weight of 1.5-2.5 million as a raw
material, adding the modified polyethylene master batch
with a weight ratio of 6%-10% and performing screw melt
extrusion spinning and ultra-drawing, wherein the fiber
strength is 15CN/dtex-25CN/dtex, and the elongation at
break is 5%-8%.
[0005] The specific steps for preparing the ultrahigh
molecular weight polyethylene fiber according to the in-
vention are as follows:

Step 1: preparation of the modified polyethylene
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master batch:

(1) adding POE (polyolefin elastomer) , a PE
(polyethylene) blowing agent and ethylene- pro-
pylene- diene monomer (EPDM) or SEBS (sty-
rene- ethylene- butylene- styrene) to LDPE (low-
density polyethylene) or LLDPE (linear low- den-
sity polyethylene) selected as raw material, and
mixing uniformly;

(2) performing twin-screw blending granulation
on the uniformly mixed polymerto prepare the
modified polyethylene master batch;

Step 2: preparation of ultrahigh molecular weight pol-
yethylene melt spinning:

(1) adding the prepared modified polyethylene
master batch to the selected ultrahigh molecular
weight polyethylene resin, and mixing uniformly;

(2) feeding the mixture into a screw for extrusion
melt spinning, cooling the fiber by a water bath
and performing winding formation; and

(3) performing three-line ultra-drawing on the
fiber formed by winding, drying and shaping to
obtain finished fiber.

[0006] The ultrahigh molecular weight polyethylene
fiber disclosed by the invention is most suitable for twist-
knitting various ropes, braiding fishnets and weaving var-
ious industrial cloth and industrial belts, without generat-
ing strength loss. The method disclosed by the invention
has the advantages of short production flow, low energy
consumption, environmentally friendly, low manufactur-
ing cost, high standalone capacity and the like and is an
innovative technology in sustainable development of
high-strength polyethylene industry. The invention has
achieved a breakthrough in the technology forpreparing
high strength and high extension fiber. The product can
be widely used in the fields such as twist-knitting various
ropes, braiding fishnets and weaving various industrial
cloth, industrial belts and the like, and can effectively re-
tain high fiber strength while being used.

Detailed Description:

[0007] According to the invention, ultrahigh molecular
weight polyethylene powder resin with a molecular
weight of 1.5- 2.5 million is selected as a raw material,
6%- 10% by weight of modified polyethylene master
batch is added depending on the molecular weight of the
polyethylene resin raw material, and the powder resin
and the master batch are uniformly mixed, wherein 6%
of the modified polyethylene master batch is added into
the polyethylene resin with the molecular weight of 1.5
million, on this basis, the molecular weight of the poly-

ethylene resin and the adding quantity of the modified
polyethylene master batch increase according to a ratio
of (0.1 million) / (0.4%) , that is, when the molecular weight
of the polyethylene resin is increased by 0.1 million, the
adding quantity of the modified polyethylene master
batch is increased by 0.4%, the process continues till the
molecular weight of the polyethylene resin is increased
to 2.5 million, and the adding quantity of the polyethylene
modified master batch is increased to 10% at that time,
for example, 7.2% of the modified polyethylene master
batch is added into the polyethylene resin with the mo-
lecular weight of 1.8 million, 10% of the modified poly-
ethylene master batch is added into the polyethylene res-
in with the molecular weight of 2.5 million, and so on;
then a screw with an aspect ratio of 1: 40 is used for melt
extrusion spinning and ultra- drawing so as to obtain the
high- strength and high- extension polyethylene fiber with
the elongation at break of 5- 8% and the fiber strength
of 15CN/ dtex- 25CN/ dtex, wherein the fiber strength
corresponds to the numerical value of the molecular
weight of the ultrahigh molecular weight polyethylene
resin, that is, the strength of the polyethylene fiber with
the molecular weight of 1.5 million is 15CN/ dtex, on this
basis, the molecular weight of the polyethylene fiber and
the numerical value of the strength thereof increase ac-
cording to the ratio of (0.1 million) / (1CN/ dtex) , that is,
when the molecular weight of the polyethylene fiber is
increased by 0.1 million, the fiber strength is increased
by 1CN/ dtex, the process continues till the molecular
weight of the polyethylene fiber is increased to 2.5 million,
and the fiber strength is increased to 25CN/ dtex at that
time.
[0008] The specific steps for preparing the ultrahigh
molecular weight polyethylene fiber according to the in-
vention are as follows:

Step 1: preparation of the modified polyethylene
master batch:

(1) adding 7%- 15% by weight of POE (polyolefin
elastomer) , 3- 5% by weight of a PE (polyeth-
ylene) blowing agent and 5%- 10% by weight of
ethylene- propylene- diene monomer (EPDM)
or SEBS (styrene- ethylene- butylene- styrene)
to LDPE (low- density polyethylene) or LLDPE
(linear low- density polyethylene) selected as
raw material, and mixing uniformly;

(2) performing twin-screw blending granulation
on the uniformly mixed polymer to prepare the
modified polyethylene master batch, wherein
the temperature of each section of twin screws
is in the range of 150°C-220°C, and the rotating
speed of the twin screws is controlled at 200-250
revolutions per minute.

[0009] The prepared modified polyethylene master
batch has excellent functions such as low melting point,
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low viscosity, good lubricating property, good flowability,
easiness in dispersion and the like.

Step 2: preparation of ultrahigh molecular weight pol-
yethylene melt spinning:

(1) adding 6-10% by weight of the modified pol-
yethylene master batch prepared in step 1 to the
selected ultrahigh molecular weight polyethyl-
ene resin with the molecular weight of 1.5-2.5
millionand mixing uniformly;

(2) feeding the mixture into a screw for extrusion
melt spinning, wherein the aspect ratio of the
screw is 1: 40, the temperature of each section
of the screw is in a range of 150°C-250°C, the
extrusion speed of the screw is 200-250 revolu-
tions per minute, the spinneret plate has
100-150 pores, the pore diameter is 0.5-0.8mm,
the temperature of a spun melt is controlled at
220°C-240°C, and the drawing speed of a spray
head is 5-15m/minute; the sprayed as-spun fiber
is cooled by a water bath, and the temperature
of the water bath is controlled at 20°C-25°C; and
the fiber cooled by the water bath is wound for
forming; and

(3) performing three-line ultra-drawing and one-
line drying and shaping on the fiber formed by
winding to finally obtain finished fiber, wherein
the first-line ultra-drawing uses a water bath for
drawing, the temperature of the water bath is
80°C-95°C and the drawing ratio is 5-10 times;
the second-line ultra-drawing uses superheated
steam for drawing, the temperature of the steam
is 110°C-130°C and the drawing ratio is 3-6
times; the third-line ultra-drawing adopts dry
heating for drawing, the ultra-drawing tempera-
ture is 120°C-130°C and the drawing ratio is
1.1-1.2 times; the shaping temperature for dry-
ing and shaping is 130°C-145°C, and the shap-
ing linear speed is 20-40m per minute; the ult-
rahigh molecular weight polyethylene finished
product fiber is finally prepared; and winding is
further performed.

[0010] The prepared polyethylene fiber has fiber
strength of 15CN/dtex-25CN/dtex and elongation at
break of 5%-8%.

Claims

1. Ultrahigh molecular weight polyethylene fiber, ob-
tained by employing ultrahigh molecular weight pol-
yethylene powder resin with a molecular weight of
1.5-2.5 million as a raw material, adding 6%-10% by
weight of modified polyethylene master batch and

performing screw melt extrusion spinning and ultra-
drawing, wherein the fiber strength is 15CN/dtex-
25CN/dtex, and the elongation at break is 5%-8%.

2. A method for processing the ultrahigh molecular
weight polyethylene fiber according to claim 1, com-
prising the following specific steps:

step 1: preparation of modified polyethylene
master batch:

(1) adding POE (polyolefin elastomer), a PE
(polyethylene) blowing agent and ethylene-
propylene-diene monomer (EPDM) or
SEBS (styrene-ethylene-butylene-styrene)
to an LDPE (low-density polyethylene) or
LLDPE (linear low-density polyethylene)
selected as a raw material, and mixing uni-
formly;
(2) performing twin-screw blending granu-
lation on the uniformly mixed to prepare the
modified polyethylene master batch;

step 2: preparation of ultrahigh molecular weight
polyethylene melt spinning:

(1) adding the prepared modified polyethyl-
ene master batch to the selected ultrahigh
molecular weight polyethylene resin, and
mixing uniformly;
(2) feeding the mixture into a screw for ex-
trusion melt spinning, cooling the fiber by a
water bath and performing winding forma-
tion; and
(3) performing three-line ultra-drawing on
the fiber formed by winding, drying and
shaping to obtain finished fiber.

3. The method according to claim 2, characterized in
that
in (1) of step 1, according to the weight ratio, the
adding quantity of the POE is 7%-15%, the adding
quantity of the PE bowing agent is 3%-5%, and the
adding quantity of the EPDM or SEBS is 5%-10%;
in (2) of step 1, the temperature of each section of
twin screws is between 150°C-220°C, and the rotat-
ing speed of the twin screws is controlled at 200-250
revolutions per minute;
in (1) of step 2, the ultrahigh molecular weight poly-
ethylene resin with the molecular weight of 1.5-2.5
million is selected, 6%-10% by weight of the modified
polyethylene master batch is added depending on
the molecular weight of the polyethylene resin, and
the resin and the master batch are uniformly mixed,
wherein 6% of the modified polyethylene master
batch is added into the polyethylene resin with the
molecular weight of 1.5 million, on this basis, the
molecular weight of the polyethylene resin and the
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adding quantity of the polyethylene modified master
batch increase according to the ratio of (0.1 million)
/(0.4%), that is, when the molecular weight of the
polyethylene resin is increased by 0.1 million, the
adding quantity of the modified polyethylene master
batch is increased by 0.4%, the process continues
till the molecular weight of the polyethylene resin is
increased to 2.5 million, and the adding quantity of
the polyethylene modified master batch is increased
to 10% at that time;
in (2) of step 2, the aspect ratio of the screw is 1: 40,
the temperature of each section of the screw is
150°C-250°C, the extrusion speed of the screw is
200-250 revolutions per minute, the spinneret plate
has 100-150 pores, the pore diameter is 0.5-0.8mm,
the temperature of a spun melt is controlled at 220°C-
240°C, and the drawing speed of a spray head is
5-15m/minute; the sprayed as-spun fiber is cooled
by a water bath, and the temperature of the water
bath is controlled at 20°C-25°C; and the fiber cooled
by the water bath is wound for forming;
and in (3) of step 2, the three-line ultra-drawing is
performed, wherein the first-line ultra-drawing uses
a water bath for drawing, the temperature of the wa-
ter bath is 80°C-95°C and the drawing ratio is 5-10
times; the second-line ultra-drawing uses superheat-
ed steam for drawing, the temperature of the steam
is 110°C-130°C and the drawing ratio is 3-6 times;
the third-line ultra-drawing adopts dry heating for
drawing, the dry heating temperature is 120°C-
130°C and the drawing ratio is 1.1-1.2 times; as for
drying and shaping, the shaping temperature is
130°C-145°C, and the shaping linear speed is
20-40m per minute; and the ultrahigh molecular
weight polyethylene finished fiber is finally prepared,
the elongation at break of the fiber is 5%-8%, and
the fiber strength is 15CN/dtex-25CN/dtex, wherein
the fiber strength corresponds to the numerical value
of the molecular weight of the ultrahigh molecular
weight polyethylene resin, that is, the strength of the
polyethylene fiber with the molecular weight of 1.5
million is 15CN/dtex, on this basis, the molecular
weight of the polyethylene fiber and the numerical
value of the strength thereof are increased according
to the ratio of (0.1 million)/(1CN/dtex), that is, when
the molecular weight of the polyethylene fiber is in-
creased by 0.1 million, the fiber strength is increased
by 1CN/dtex, the process continues till the molecular
weight of the polyethylene fiber is increased to 2.5
million, and the fiber strength is increased to 25CN/
dtex at that time.
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