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(57) Abstract: The mvention provides for a method of
manufacturing artificial turf (1000), the method compris-
ing the steps of: - creating (100) a liquid polymer mixture
(100, 400, 500), wherein the polymer mixture 1s at least a
two-phase system, a first one (402) of the phases com-
prising a first polymer and a first dye, a second one (404)
of the phases of the polymer mixture comprising a
second polymer and a second dye, the second dye having
a different color than the first dye, the second polymer
being of the same or of a different type as the first poly-
mer, the first and the second phase being immiscible, the
first phase forming polymer beads within the second
phase; - extruding (102) the polymer mixture into a
monofilament (606) comprising a marbled pattern ot the
first and second color; - quenching (104) the monotila-
ment; - reheating (106) the monofilament; - stretching
(108) the reheated monofilament to deform the polymer
beads mto threadlike regions (800) and to form the
monofilament into an artificial turt fiber (1004); - incor-
porating (110) the artificial turf fiber into an artificial turf
backing (1002).
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Field of the invention

The invention relates to artificial turf and the production of ariificial turf which 1s also
referred to as synthetic turf. The invention further relates to the production of fibers
that imitate grass, and in particular a product and a production method for artificial

turf fibers based on polymer blends and of the artificial turf carpets made from these

artificial turf fibers.
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Background and related art

Artificial turf or artificial grass is surface that is made up of fibers which is used to
replace grass. The structure of the artificial turf is designed such that the artificial
turf has an appearance which resembles grass. Typically artificial turf is used as a
surface for sports such as soccer, American football, rugby, tennis, golf, for playing

fields, or exercise fields. Furthermore artificial turf is frequently used for landscaping

applications.

An advantage of using artificial turf is that it eliminates the need to care for a grass
playing or landscaping surface, like regular mowing, scarifying, fertilizing and
watering. Watering can be e.g. difficult due to regional restrictions for water usage.
In other climatic zones the re-growing of grass and re-formation of a closed grass
cover is slow compared to the damaging of the natural grass surface by playing
and/or exercising on the field. Artificial turf fields though they do not require a similar
attention and effort to be maintained, may require some maintenance such as
having to be cleaned from dirt and debris and having to be brushed regularly. This
may be done to help fibers stand-up after being stepped down during the play or
exercise. Throughout the typical usage time of 5-15 years it may be beneficial if an
artificial turf sports field can withstand high mechanical wear, can resist UV, can
withstand thermal cycling or thermal ageing, can resist inter-actions with chemicals
and various environmental conditions. It is therefore beneficial if the artificial turf has
a long usable life, is durable, and keeps its playing and surface characteristics as

well as appearance throughout its usage time.

For many applications, it is intended to produce artificial turf that faithfully

reproduces the appearance of natural grass.

In addition, it may be desirable to produce artificial furf that can easily be

manufactured and that has a marbled color pattern.

United States Patent application US 2010/0173102 A1 discloses an artificial grass
that is characterized in that the material for the cladding has a hydrophilicity which is

different from the hydrophilicity of the material which is used for the core.

US 20070154661A1 describes a synthetic grass yarn which reproduces natural
grass. An extruder is fed with material such as PE in the form of stripes of different

colors. The extruder Is controlled such that the extruded product does not present
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uniform coloration. However, said document does not disclose how an

homogeneous intermixing of PE stripes of different colors during the extrusion

process can be prevented.

WO 2015/144223 Al describes a method of manufacturing artificia! turf. The method
comprising the steps of: creating a polymer mixture, wherein the polymer mixture is
at least a three-phase system. The polymer mixture comprises a first polymer, a
second poiymer, and a compatibilizer. The first polymer and the second polymer are
immiscible. The first polymer forms polymer beads surrounded by the compatibilizer
within the second polymer. The method comprises extruding the polymer mixture
Into a monofilament, quenching, reheating and stretching the monofilament to
deform the polymer beads into threadlike regions and incorporating the artificial

turf fiber into an artificial turf carpet.

Summary
The invention provides for a method of manufacturing artificial turf with a
monofilament comprising a marbled patiern of a first and a second color in the

iIndependent claims. Embodiments are given in the dependent claims.

In one aspect the invention provides for a method of manufacturing artificial turf. The

method comprises the steps of:

- creating a liquid polymer mixture. The polymer mixture is at least a two-phase
system. A first one of the phases comprises a first polymer and a first dye. A
second one of the phases of the polymer mixture comprises a second polymer
and a second dye. The second dye has a different color than the first dye. The
second polymer is of the same or of a different type as the first polymer. The first
and the second phases are immiscible. The first phase forms polymer beads
within the second phase;

- extruding the polymer mixture into a monofilament comprising a marbled pattern
of the first and second color;

- quenching the monofilament;

- reheating the monofilament;

- stretching the reheated monofilament to deform the polymer beads into threadlike
regions and to form the monofilament into an artificial turf fiber:

- Incorporating the artificial turf fiber into an artificial turf backing.
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Embodiments of the invention may use first and second colors that represent colors
occurring in natural grass, e.g. green and yellow, or bright-green and dark-green, or
green and bright-brown or the like. Said embodiments may have the advantage that
the appearance of natural grass is highly faithfully reproduced. In other
embodiments, other color combinations may be used for generating a marbled but

not necessary natural grass-like pattern.

In a further beneficial aspect, the creation of a liquid polymer mixture wherein the
two different dyes are separated in two different phases wherein one of the phases
Is “emulsified” in the second phase in the form of beads is advantageous as it is not
necessary to use or create customized extruders which mechanically prevent a
premature intermixing of the two dyes, thereby ensuring that a monofilament with a
marbled pattern rather than a monofilament with a color being the intermediate of
the first and second color is created. Thus, embodiments of the invention allow
using the same extrusion machinery for creating marbled monofilaments as is used
for creating monochrome monofilaments. This may reduce production costs and
may increase the diversity of ariificial turf types that can be created with a single

melting- and extrusion apparatus.

Moreover, complicated coextrusion, reguiring several extrusion heads to feed one
complex spinneret tool is not needed in order to provide for artificial turf that

accurately reproduces the texture of natural grass.

In a further beneficial aspect, embodiments of the invention may guarantee that the
generation of the liquid polymer mixture that is to be extruded and the extrusion
process itseif does not generate a homogeneous mixture of the two dyes. If e.g. two
or more PE stripes based on the same polymer type and comprising pigments of
aifferent colors would concurrently be fed to an extruder, the temperature, pressure,
extrusion time and other extrusion parameters would have to be very carefully
chosen to prevent an intermixing of different dyes that would result in an extrusion
product having a homogeneous intermediate color. To the contrary, embodiments of
the invention provide for an artificial turf fiber generation method that can generate
marbled fibers and that is particularly robust against process parameters such as
increased temperatures, prolonged time of stirring and intermixing different
polymers in the extruder, pressure, and other factors that could result in the

generation of a homogeneous mixture of the two dyes. This is because the at least
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two polymers with the different dyes form different phases and thus do not intermix

even under high temperature and/or extensive stirring conditions.

In a further beneficial aspect, embodiments of the invention may allow to produce
monofilaments having a particularly fine granular marbled pattern, because small
droplets of one phase can be generated and stabilized in emulsified form in the
liquid polymer mixture until the mixture is extruded (see e.g. the marbled pattern of

a single monofilament depicted in Fig. 3b).

In a further beneficial aspect, the second polymer and any immiscible polymers may
not delaminate from each other, even in case two different types of polymers are
used as the first and second polymer. The thread-like regions are embedded within

the second polymer. It is therefore impossible for them to delaminate.

According to embodiments, a compatibilizer is added to the polymer mixture and
interfaces the first and second polymers, thereby further preventing the delamination
of the two different types of polymers. Preferably, the compatibilizer is added to

polymer mixture whose phase separation is caused by a polarity difference between

a polar and an apolar polymer.

The use of the first polymer and the second polymer enables the properties of the
artificial turf fiber to be tailored. For instance a softer plastic, e.g. PE. may be used
for the polymer having the larger mass fraction, e.g. the second polymer, to give the
artificial turf a more natural grass-like and softer feel. A more rigid plastic, e.g. PA,
may be used for the polymer having the smaller mass fraction, e.g. the first polymer,
or other immiscible polymers to give the artificial turf more resilience and stability

and the ability to spring back after being stepped or pressed down.

A further advantage may possibly be that the thread-like regions are concentrated.
due to fluid dynamics during the extrusion process, in a central region of the
monofilament during the extrusion process, while there is still a significant portion of
the thread-like regions also on the surface of a monofilament to produce the marble
pattern appearance. Thus, the more rigid material may be concentrated in the
center of the monofilament and a larger amount of softer plastic on the exterior or
outer region of the monofilament. This may further lead to an artificial turf fiber with
more grass-like properties both in terms of rigidity, surface smoothness and surface

coloration and texiure.
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Compared with a subsequent coloring of an artificial turf fiber, embodiments of the
method result in a monofilament that comprises the marble color pattern not only on
ts surface but also inside. In case a filament should be split, its surface abraded or
otherwise damaged, the marble color pattern will not be removed as it is not

confined to the surface of the monofilament.

A turther advantage may be that the artificial turf fibers have improved long term
elasticity. This may require reduced maintenance of the artificial turf and require less
brushing of the fibers because they more naturally regain their shape and stand up
after use or being trampled.

Approach |: separating phases by using polymers having different polarity

According to embodiments the first and the second polymers differ from each other

in that one of them is a polar polymer and the other one is an apolar polymer. The
polymers are chosen such that the polarity difference is sufficient fo cause a phase
separation of the first phase consisting mainly of the first polymer and the second

phase consisting mainly of the second polymer.
According to embodiments, the first polymer is a polar polymer, e.g. polyamide (PA).

According to embodiments, the second polymer is a non-polar polymer, e.g.
polyethylene (PE). According to embodiments, the liquid polymer mixture is at least
a three-phase system. The third one of the phases comprises a compatibilizer. The
first phase forms polymer beads surrounded by the third phase within the second

phase.

According to embodiments, the polymer mixture comprises the compatibilizer in a
concentration of 0.05%- 8% by weight, more preferentially 0.2-4%, more

preferentially 0.4-2% by weight.

The polymer bead comprises crysfalline portions and amorphous portions.
Stretching the polymer beads into threadlike regions causes an increase in the size

of the crystalline portions relative to the amorphous portions.

According to embodiments, the creating of the polymer mixture comprises the steps
of.

- forming a first mixture by mixing the first polymer with the compatibilizer;

- heating the first mixture;
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- extruding the first mixture;
- granulating the extruded first mixture,
- mixing the granulated first mixture with the second polymer; and

- heating the granulated first mixture with the second polymer fo form the polymer

mixture.

According to embodiments, the polymer mixture comprises 1 to 30 percent by

weight the first polymer. According to embodiments, the polymer mixture comprises
1 to 20 percent by weight the first polymer. According to embodiments, the polymer
mixture comprises 5 to 10 percent by weight the first polymer. In saia examples, the
balance of the weight may be made up by such components as the second polymer

and any other additional additives put into the polymer mixture.

According to embodiments, the polymer mixture comprises 70 to 90 percent by
weight the second polymer. in said examples, the balance of the weight may be
made up by such components as the first polymer and any other additional additives

put into the polymer mixture.

According to embodiments, the first polymer is any one of the following: polyamide,
polyethylene terephthalate (PET), and polybutylene terephthalate (PBT).

According to embodiments, the second polymer is any one of the following:

polyethylene, polypropylene, and a mixture thereof.

For example, PA may be used as the second polymer, PE may be used as the
second polymer, and a compatibilizer like MAH is used for embedding PA beads
extruded to thread-like regions in the PE mass. According to one particular example,
PA 6.6 or PAG.6 having a melt mass flow rate (measured at 190°/2.16 kg) of 5 is
used as the first polymer and a Pk having a melt flow rate of 1.8 (measured at
190°/2.16 kg) is used as the second polymer. The melt flow rate difference would of
said two polymers would not be sufficient for inducing phase separation, but the
nolarity difference is sufficient to allow for a separation of the first and second
polymer into different phases which can be separated from each other by a

compatibilizer forming a third phase.

According to embodimenis, the compatibilizer is any one of the following: grafted
maleic acid anhydride (MAH), ethylene ethyl acrylate (EEA), a maleic acid grafted

on polyethyiene or polyamide; a maleic anhydride grafted on free radical initiated
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graft copolymer of polyethylene, SEBS (styrene ethylene butylene styrene), EVA
(ethylene-vinyl acetate), EPD (ethylene-propylene diene), or polypropylene with an
unsaturated acid or its anhydride such as maleic acid, glycidyl methacrylate,
ricinoloxazoline maleinate; a graft copolymer of SEBS with glycidyl methacrylaie, a
graft copolymer of EVA with mercaptoacetic acid and maleic anhydride; a graft
copolymer of EPDM with maleic anhydride; a graft copolymer of polypropylene with
maleic anhydride; a polyolefin-graft-polyamidepolyethylene or polyamide; and a
polyacrylic acid type compatibilizer.

Using a mixture of polymers of different types, e.g. the apolar polyethylene and the
nolar polyamide as described above has the advantage that an artificial turf fiber is
created that shows a marbled color pattern and that has increased durability against
wear and tear due to the more rigid PA and at the same time a smoother surface
and increased elasticity compared to pure-PA based monofilaments. The

compatibilizer prevents delaminization.

Approach |l: separating phases by using different polymers with different melt mass

flow rates

According to embodiments, the method comprising generating the tiguid polymer
mixture by heating a solid mixture of the first and second polymers at least until the

first and second polymers are melted.

The phase separation of the first and the second phase is achieved by selecting the
first and the second polymer such that the difference in melt mass-flow rate of the
first and second polymer resuits in a phase separation of a molten mixture of the
first and second polymer. For example, this may be determined experimentally by
mixing polymers of different melt mass-flow rates and then heating the polymer
mixture for testing if the melt mass flow rate difference is sufficient for generating a

phase separation at a particular temperature.

According to embodiments, the polymer with the smaller mass share of the polymer
mixture has a melt mass-flow rate that differs by at least 3 g/10 min from the meit

mass-flow rate (190°C/2.16 kg) of the polymer with the larger mass share.
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According to embodiments, the first polymer (e.g. the one with the smaller mass
share, e.g. a first PE variant) has a melt mass-flow rate (190°C/2.16 kg) of 0.5- 5
g/10 min. The second polymer (e.g. the one with the larger mass share, e.g. a
second polymer, €.9. a second PE variant) has a melt mass-flow rate (190°C/2.16
kg) of 8- 100 g/10 min.

Accarding to a first example, a first Linear low-density polyethylene (LLDPE) having
a melt mass flow rate {(measured at 190°/2.16 kg) of 4 is used as the first polymer
and a second LLDPE having a melt flow rate of 20 (measured at 190°/2.16 kg) Is

used as the second polymer.

According to a second example, a first LLDPE having a melt mass flow rate
(measured at 190°/2.16 kg) of 0.9 is used as the first polymer and a second LLDPE
having a melt flow rate of 20 (measured at 120°/2.16 kg) is used as the second

polymer.

The melt mass-flow rate is a function of the molecular weight and thus of the type
and chain length of the polyolefin used. In practice, the melt mass flow rate can be
derived from books or product descriptions or can be easily determined empirically,
e.g. according to ASTM D1238, a standard test method for melt flow rates of

thermoplastics by an extrusion plastometer.

According to embodiments, the first polymer is the polymer with the smaller mass
share. The ﬂrst polymer can be, for example, a first Pk variant. The second polymer
is the polymer with the larger mass share. The second polymer may be, for
example, a second PE variant. The first and second PE vanants have different melt
mass-flow rates as described above. The melt mass-flow rates of a particular
polymer variant are usually published by the manufacturers of a particular polymer
type or can be easily determined empirically by standard melt flow measurements
as defined, for example, in ASTM D1238.

According to some embodiments, a compatibilizer 1s not heeded for approach ll, e.g.
in case the first and second polymer type are sufficiently similar in respect to their
physic-chemical properties so that no delamination will occur. If this is not the case,

a compatibilizer may be used as described for approach |.
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Thanks to the two different approaches, a large number of polymer types can be
combined for generating a marbled color impression. In many cases, this may be
achieved without any additional production steps or chemical compounds. Additional
desired effects may be achieved that result from the combination of two different
polymers, e.g. an improved resistance to wear and tear, increased elasticity,

surface-smoothness, rigidity, surface-roughness, and so on.

Further embodiments of both approaches | and i

R

According to embodiments, the composition of the polymer mixture, the extrusion-

mass femperature, the quenching bath temperature and/or the stretch factor

- prohibits the first dye from diffusing into the second phase and prohibits the second

dye from diffusing into the first phase. Moreover, said conditions allow a sufficient
number of polymer domains of a given phase to unify during quenching as to
provide a marbled structure that can be resolved by a human eye and has the

recurring pattern of threads of different colors as described above.

According to embodiments, the composition of the polymer mixture, the extrusion
process conditions and/or the stretch factor are chosen such that the volume of the
polymer phases is s0 large and the time during which the fwo different phases are
liquid is so short that diffusion of the dyes to the respective other phase is
prohibited.

According to embodiments, the extrusion is performed at a pressure of 40-140 bars,
more preferentially between 60-100 bars, and more preferentially at a pressure of
70-90 bar, e.g. 80 bars.

According to embodiments, the polymer mixture at time of extrusion has a
temperature of 190-260°C (“extrusion-mass-temperature”), more preferentially 210-
250°C, and even more preferentially 220-240°C.

According to embodiments, the stretch factor is in the range of 1.1 - 8, more
preferentially in the range of 3-7 and even more preferentially in the range of 4.5-6.
A “stretch factor” as used herein is the factor by with the length of a given artificial

turf monofilament is prolonged by the stretching step.

According to embodiments, the quenching solution, e.g. a water bath, has a

temperature (right after the extrusion nozzle or hole(s)) of 10-60°C, more
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preferentially between 25°C-45°C, and even more preferentially between 32°C -
40°C. Said temperature of the quenching solution may be advantageous as it
allows, within a defined time interval between extrusion of the monaftlament and
solidification of the multiple liquid polymer phases, muitiple polymer domains of a
particular phase fo uhify, thereby resulting in threads of the first polymer having a
desired average thickness, before the solidification prohibits any further migration

and fusion of polymer domains.

Moreover, the resulting time interval during which the polymer phases are liquid and
during which dye can potentially diffuse to the other phase is so short that significant
dye diffusion to the other phase is prohibited. Moreover, it has been observed that
under high pressure and at turbulent flow condition in the liquid polymer mixture (as
has been observed at extrusion}, multiple polymer domains of a given phase do not
unify. Under these “turbulent” conditions, the threads of the first polymer phase are
often so thin that a marbled structure would not be observable if the extruded
monofilament would solidify immediately after extrusion. However, by using a
quenching liquid temperature and extrusion mass temperature as described above,
the different polymer domains of the same phase have sufficient time to unify after
the polymer mixture flow has become laminar, thereby forming threads whose size
and thickness is large enough as to provide for a marbled color impression If viewed

by a human eye, e.g. at a distance of 15 cm or less.

According to embodiments, the extrusion is performed at a pressure of 80 bar, the
polymer mixture at time of extrusion has a temperature of 230°C, the stretch factor

is 5 and the quenching solution, e.g. a water bath, has a temperature of 35°C.

According to embodiments, the first and second dyes respectively are an inorganic
dye, an organic dye or a mixture thereof. The above mentioned conditions will
basically prohibit a diffusion of the dyes into the respective other phase irrespective

of the dyes’ pdlarity or motecular weight.

This may be advantageous as the diffusion of the dyes into the respective other
phase and thus a mixing of the dyes is prevented, thereby ensuring that a marbled

color expression is generated for an arbitrary combination of first and second dyes.

According to embodiments, the polymer mixture comprises 0.2%-40%, more

preferentially 1-15%, more preferentially 2-10% by weight of the first polymer. In
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said examples, the balance of the weight may be made up by such components as

the second polymer and any other additional additives put intoc the polymer mixture.

According to embodiments, the polymer mixture comprises more than 60%,
preferentially more than 70% by weight of the second polymer. It is possibie that
more than 90% of the polymer mixture consists of the second polymer. |n said
examples, the balance of the weight may be made up by such components as the

first polymer and any other additional additives put into the polymer mixture.

According to embodiments, the marble pattern of the monofilament reproduces color

patterns of natural grass.

According to embodiments, the first dye is an azo-nickel pigment complex in a
concentration of 0.5-5, more preferentially of 1.5-2 percent by weight of the first
phase. For example, the azo-nickel pigment “‘BAYPLAST®Gelb 5GN” of LANXESS
may be used as the first dye. Preferentially, the first dye has a yellow, light green or

yellow-green color.

According to embodiments, the second dye is phthalocyanine green in a
concentration of 0,001 - 0,3 % by weight, preferably 0,05 — 0,2 % by weight of the
second phase. Preferentially, the second dye has a green or dark green color.
According to embodiments, the artificial turf fiber extends a predetermined length
beyond the artificial turf backing, and wherein threadlike regions have a length less
than one half of the predetermined length.

According to embodiments, the threadlike regions have a length less than 2 mm.

According to embodiments, the extrusion-mass temperature, stirring parameters of
a mixer are chosen such that the average diameter of the beads in the moiten
polymer mixture before extrusion is less than 50 micrometer, preferentially between

0.1 to 3 micrometer, preferably 1 to 2 micrometer.

Said features in combination with quenching conditions that allow a unification of
pelymer domains of the same phase once the extruded polymer mix has reached
laminar flow state may be advantageous as they will support a formation of a marble
structure in which the occurrence of the two different colors changes preferentially

every 50-1000um, more preferentially every 100-700um.
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Thus, during extrusion, the polymer domains of the first polymer is very fine-
granularly dispersed within the second polymer phase and the portions on the
surface of the monofilaments showing the first color may form as coarse-grained
structures by unification {merging) of multiple first phase domains after extrusion
until the monofilament solidifies. This may ailow for a better intermixing of the first

and second polymer and prohibit delamination.

According to embodiments, the polymer mixture further comprises any one of the
following: a wax, a dulling agent, a UV stabilizer, a flame retardant, an anti-oxidant,

a pigment, and combinations thereof.

According to embodiments, the creation of the artificial turf fiber comprises forming
the stretched monofilament into a yarn. Muitiple, for exampie 4 to 8 monofilaments,

could be formed or finished into a yarn.

According to embodiments, the creation of the artificial turf fiber comprises weaving,
spinning, fwisting, rewinding, and/or bundling the stretched monofilament into the
artificial turf fiber. This technique of manufacturing artificial turf is known e.g. from
United States patent application US 20120125474 A1.

According to embodiments, the incorporation of the artificial turf fiber into the
artificial turf backing comprises: tufting the artificial turf fiber into the artificial turf
b'acking and binding the artificial turf fibers to the artificial turf backing.

According to embodiments, the incorporation of the artificial turf fiber into the
artificial turf backing comprises weaving the artificial turf fiber into the artificial turf

backing.

In a further aspect, the invention relates to an artificial turf manufactured according

to the method of any one of the embodiments described herein.

In a further aspect, the invention relates to an artificial turf comprising an artificial
turf textile backing and an artificial turf fiber incorporated into the artificial turf
backing: The artificial turf fiber comprises at least one monofilament comprising on
its surface a marbled pattern of a first and a second coler. The monofilament is a
monofilament created in an extrusion step from a liquid polymer mixture. Each of the

at least one monofilament comprises:

- a first polymer in the form of threadlike regions, the first polymer comprising a first

dye having the first color,
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— a second polymer, the second polymer comprising a second dye having the
second color, wherein the threadlike regions are embedded in the second

polymer, wherein the first polymer is immiscible in the second polymer.

According to embodiment the polymer mixture comprises hetween 80-90% by

weight of the second polymer. In this example the balance of the weight may be
made up by the first polymer, possibly a third polymer if it is present Iin the polymer
mixture, a compatibilizer if it is present in the polymer mixture, and any other

chemicals or additives added to the polymer mixture.

In some examples the stretched monofilament may be used directly as the artificial
turf fiber. For exampile the monofilament could be extrudea as a single fiber or

filament (monofilament) and directly incorporated into an artificial turf backing.

In other examples the artificial turf fiber may be a bundie or group of several
stretched monofilament fibers is in general cabled, twisted, or bundled together. In
some cases the bundle is rewound with a so called rewinding yarn, which keeps the

yarn bundle together and makes it ready for the later tufting or weaving process.

The monofilaments may for instance have a diameter of 50-600 micrometer In size.

The yarn weight may typically reach 50- 3000 dtex.

According to embodiments the polymer beads comprise crystalline portions and
amorphous portions. The polymer mixture was likely heated during the extrusion
process and portions of the first polymer and also the second polymer may have a
more amorphous structure or a more crystaliine structure in various regions.
Stretching the polymer beads into the thread-like regions may cause an increase in
the size of the crystalline portions relative to the amorphous portions In the first
polymer. This may lead for instance to the first polymer to become more rigid than
when it has an amorphous structure. This may lead o an artificial turt with more
rigidity and ability to spring back when pressed down. The stretching of the
monofilament may also cause in some cases the second polymer or other addifional
nolymers also to have a larger portion of their structure become more crystalline. In
a specific example of this the first polymer could be polyamide and the second

polymer could be polyethylene. Stretching the polyamide will cause an increase in
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the crystalline regions making the polyamide stiffer. This is also true for other plastic

polymers.

According to one embodiment according to approach |l where the polymer mixture
comprises a compatibilizer, the creating of the polymer mixture comprises the step
of forming a first mixture by mixing the first polymer with the compatibilizer and the
first dye. The creation of the polymer mixture further comprises the step of heating
the first mixture, extruding the first mixture, granulating the extruded first mixture,
mixing the granulated first mixture with the second polymer and the second dye, and
heating the granulated first mixture with the second polymer to form the polymer
mixture. This particular method of creating the polymer mixture may be
advantageous because it enables very precise control over how the first polymer
and compatibilizer (comprising the first dye) are distributed within the second
polymer (comprising the second dye). For instance the size or shape of the extruded
first mixture may determine the size of the polymer beads in the polymer mixture. In
the aforementioned method of creating the polymer mixture for instance a so called

one-screw extrusion method may be used.

According to alternative embodiments employable for approaches | as well as I, the
polymer mixture may alsc be created by putting ail of the components that make it
up together at once. For instance the first polymer, the second polymer, the first and
second dyes and the compatibilizer, if any, could be all added together at the same
time. Other ingredients such as additional polymers or other additives couid also be
put together at the same time. The amount of mixing of the polymer mixture could
then be increased for instance by using a two-screw feed for the extrusion. A
mixture of the first polymer comprising the homogeneously distributed first dye may
be fed through the first feed and a mixture of the second polymer comprising the
homogeneously distributed second dye is fed through the second feed. In this case
the desired distribution of the polymer beads can be achieved by using the proper

rate or amount of mixing.

A "polymer mixture” as used herein encompasses a mixture of at least a first and a
second polymer and also possibly with various additives added to the polymer
mixture. The first and second polymers may be polymers of different types, e.g.

polyamide and polyethylene. The first and second polymers may be of the same
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type, e.g. a polyethylene, but differing in one or more properties such as the
average length of the carbon atom chain. The ‘polymer mixture’ consists of at least
two different phases. If there are additional polymers or compatibilizers added to the
system then the two-phase system may be increased to a three, four, five, or more
phase system, whereby each or at least some of the further phases respectively
comprise a due having a different color than all the other phases of the polymer mix.
The first pelymer and the second polymer are immiscibie. In a three- or more phase
system the polymers of each of the respective phases are immiscible. The first
polymer forms polymer beads (optionally surrounded by a compatibilizer) within the
second polymer. In addition, the third polymer of a third phase, if any, may form

beads within the second phase (i.e., within the second polymer).

N u 31

The term "domain”, “polymer domain”, "peolymer bead” or "bead” may refer to a

localized region, such as a droplet, of a polymer that i1s immiscible in the second
polymer. The polymer beads may in some instances be round or spherical or oval-

shaped, but they may also be irregularly-shaped.

A “phase” as used herein is a region of space (a thermodynamic system),
throughout which many or all physical properties of a material are essentially
uniform. Examples of physical properties include density, index of refraction,
magnetization and chemical composition. A simple description is that a phase is a
region of material that is chemically uniform, physicaily distinct, and mechanically
separable. For example, a polymer mixture comprising a first and a second polymer
may comprise in the molten state a first phase with the first polymer and a first dye

and a second phase with a second polymer and a second dye.
A “polymer” as used herein is a polyolefin.

It I8 understood that one or more of the aforementioned embodiments of the
invention may be combined as long as the combined embodiments are not mutually

exclusive.

Brief description of the drawings

In the following embodiments of the invention are explained in greater detail, by way

of example only, making reference to the drawings in which:
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Fig. 1 shows a flowchart which illustrates an example of a method of
manufacturing artificial turf;

Fig. 2 shows a flowchart which illustrates one method of creating the polymer
mixture;

Fig. 3a shows a section of the marbled surface of a monofilament;

Fig. 3b shows a photograph of a moulded part generated in the extrusion process;

Fig.

Fig.

4 shows a diagram which illustrates a cross-section of a polymer mixture;

5
Fig. 6 illustrates the extrusion of the polymer mixture into a monofilament;

7

8

9

shows a further example of a polymer mixture;
Fig. shows a cross-section of a small segment of the monofilament;
Fig. llustrates the effect of stretching the monofilament;
Fig. shows an electron microscope picture of a cross-section of a stretched
monofilament;, and

Fig. 10 shows an example of a cross-section of an example of artificial turf.

Detailed Description

Like numbered elements in these figures are either equivalent elements or perform
the same function. Elements which have been discussed previously will not

necessarily be discussed in later figures if the function is equivalent.

Fig. 1 shows a flowchart which illustrates an example of a method of manufacturing
artificial turf. First in step 100 a liquid polymer mixture is created. The polymer
mixture is at least a two-phase system. The first phase comprises a first polymer
and a first dye. The second phase comprises a second polymer and a second dye.
According to some embodiments, the polymer mixture may comprise a third phase,
e.d. a compatibilizer or a further polymer being immiscible both with the first and
second phase. Optionally, the third phase may comprise a third dye having a
different color than the first and second dyes. The first polymer and the second
polymer are immiscible and the first and second dye basicaily are confined to their
respective phase, i.e., there 1s — in the time until the liquid polymer mix is extruded
and has solidified as monofilament — approximately no diffusion of a dye into
another one of the phases. In other examples there may be additional poiymers
such as a third, fourth, or even fifth polymer that are also immiscible with the second

polymer. There also may be additional compatibilizers which are used either in
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combination with the first polymer or the additional third, fourth, or fifth polymer, and

there may be a respective dye in each of the further polymers.

The liquid polymer mix may be created by heating the first and second and any
further polymer, if any, to a temperature that is above the melting point of said
polymers. Thereby, the liquid polymer mixture may optionally be stirred at a stirring
rate suitable to ensure that the molten first polymer is dispersed in the form of beads
in the molten second polymer, whereby in some embodiments a third phase

comprising the compatibilizer may build an envelope layer around the beads.

In the next step 102 the polymer mixture is extruded into a monofilament. Next in
step 104 the monofilament is quenched or rapidly cooled down. Next in step 106 the
monofilament is reheated. In step 108 the reheated monocfilament is siretched to
deform the polymer beads into thread-like regions and to form the monofilament into
the artificial turf fiber.

Additional steps may also be performed on the monofilament to form the artificial
turf fiber. For instance the monofilament may be spun or woven into a yarn with
desired properties. Next in step 110 the artificial turf fiber is incorporated into an
artificial turf backing. Step 110 could for example be, but is not limited to, tufting or
weaving the artificial turf fiber into the artificial turf backing. Then in step 112 the
artificial turf fibers are bound to the artificial turf backing. For instance the artificial
turf fibers may be glued or heid in place by a coating or other material. Step 112 is
an optional step. For example If the artificial turf fibers are woven into the artificial

turf backing step 112 may not heed to be performed.

F1g. 2 shows a flowchart which illustrates oche method of creating the liquid polymer
mixture. In this example the liguid polymer mixture to be created is a three-phase
system. First in step 200 a first mixture is formed by mixing the first polymer with the
first dye and the compatibilizer. Additional additives may also be added during this
step, e.g. 1o increase flame or UV-resistance or improve the flowing properties of the
polymer mixture. Next in step 202 the first mixture is heated. Next in step 204 the
first mixture is extruded. Then in step 206 the extruded first mixfure is then
granulated or chopped into small pieces. Next in step 208 the granulated first

mixture is mixed with the second polymer and the dye. Additional additives may also
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be added to the polymer mixture at this time. Finally in step 210 the granulated first
mixture is mixed with the second polymer and the second dye and the resulting
mixture is heated {o form the liquid polymer mixture. The heating and mixing may
occur at the same time. In the resulting liguid three phase mixture, the first phase
may comprise the molten first polymer and the first dye, the second phase may
comprise the molten second polymer and the second dye, and the third phase may
comprise the compatibilizer. Some or all of the phases may comprise some or more
of the further additives.

According to other embodiments (not shown), the first mixture is formed as
granulated first mixture described above. In addition, a second granulated mixture is
created by mixing the second polymer with the second dye. Additional additives may
be added during this step. Then, the second mixture is heated and extruded. The
extruded second mixture is then granulated or chopped into small pieces to provide
the granulated second mixture. The granuiated first and second mixtures are mixed

together and are heated, thereby forming the liguid polymer mixture.

Fig. 3a shows a section of the surface of a monofilament according to embodiments
of the invention. The "white” polymer domains or (“threads”} 302 correspond to a

first phase, the dark polymer domains 304 correspond to a second phase.

According to embodiments, the occurrence of polymer domains of the different
phases and respective colors changes every 50-1000um. According to
embodiments, the occurrence of polymer domains of the different phases and
respective colors changes every 100-700um of the extruded and stretched
monofilament. For example, the distance d between the center of a first and a

second polymer domain may be about 300um.
Fig. 3b shows a photograph of a moulded part generated in the extrusion process.

A first part 314 of the moulded part depicts an area in which a separation of phases
occurred next to the extrusion hole. In this area, the molten polymer mixture is under
high pressure and shows a turbulent flow characteristic. In area 314 (under high
pressure conditions and at turbulent flow conditions), domains of the same phase do
not have enough time to unify and to generate a visible marbled pattern as at the

time of solidification, the individual polymer domains in region 314 are too thin.
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A second part 318 of the moulded part depicts an area in which a separation of
phases occurred sufficiently far away from the extrusion hole. In this area, that
corresponds to the state of a monofilament at the end of the quenching process in a
quenching liquid, the molten polymer mixture is under low pressure {e.g. pressure of
environmental air) and shows a laminar flow characteristic. In area 318, domains of
the same phase have enough time to unify to clearly visible thread-like regions 310
of a particular color {e.qg. yellow or light-green} that can clearly be separated from
the (e.g. green or dark-green) background polymer phase. Thus, area 318 that
corresponds to the state of an extruded and quenched monofilament according to
embodiments of the invention, comprises a visible marbled pattern as at the time of
solidification, the individual polymer domains in region 318 change every 50-
1000um, e.g. every 300um.

In the depicted example, the polymer domain 310 may be yellow and correspond to
a first polymer consisting of polyamide, the polymer region 312 may be green and

correspond to a Pk or PP phase.

Fig. 4 shows a diagram which illustrates a cross-section of a liquid polymer mixture
400. The polymer mixture 400 comprises at least a fust phase with a tirst poalymer
and a first dye and a second phase 404 with a second polymer and a second dye. In
the depicted embodiment, the polymer mixture comprises a third phase 406 that
mainly or solely comprises a compatibilizer. The third phase may comprise the first
or the second or a third dye or no dye at all. The first phase and the second phase
are immiscible. The first polymer and the first phase is less abundant than the
second phase (that mainly consists of the second polymer). The first phase 402 is
shown as being surrounded by the compatibilizer phase 406 and being dispersed
within the second phase 404. The first phase 402 surrounded by the compatibilizer
phase 406 forms a number of polymer beads 408. The polymer beads 408 may be
spherical or oval in shape or they may also be irregularly-shaped depending up on
how well the polymer mixture is mixed and the temperature. The polymer mixture
400 is an example of a three-phase system. The compatibilizer phase 406
separates the first phase 402 from the second phase 406.

Fig. 5 shows a further example of a polymer mixture 500. The example shown in
Fig. 5 is similar to that shown in Fig. 4 however, the polymer mixture 500

additionally comprises a fourth phase 502 with a third polymer. Some of the polymer
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beads 408 are now comprised of the third polymer. The polymer mixture 500 shown
in Fig. 5 is a four-phase system. The four phases are made up of a first phase 402
comprising the first polymer and the first dye, a second phase 404 comprising the
second polymer and the second dye, a third phase 406 comprising the
compatibilizer and a fourth phase 502 comprising the further polymer 502. The first
phase 402 and the fourth phase 502 are not miscible with each other and are not
miscible with the second phase 404 or the third phase. The compatibilizer as a third
phase separates the first phase from the second phase and separates the fourth

phase 502 from the second phase 404.

In this example the same compatibilizer is used for both the first phase (and

respective first polymer) and the fourth phase (and respective polymer). In other
examples a different compatibilizer could be used for the first phase 402 and the
fourth phase 502.

For example, the four phase polymer mixture may be created by forming a first
granulated mixture and a second granulated mixture. The granulated first mixture is
formed by mixing the first polymer, the first dye and the compatibilizer, heating the
first mixture, extruding the first mixture and granulating the extruded first mixture.
The granulated second mixture is formed by mixing the third polymer, a third dye
and a compatibilizer (the same or a different one as used for creating the first
mixture), heating the second mixture, extruding the second mixture and granulating
the extruded second mixture. The creating of the polymer mixiure further comprises
mixing the first granulated mixture and the second granulated mixture with the
second polymer and a second dye that will remain in the second phase resulting
from the melting of the second polymer. The creating of the polymer mixture further
comprises the step of heating the first granulated mixture and the second granulated
mixture with the second polymer to form the liquid polymer mixture. This method
may provide for a precise means of making the polymer mixture and controlling the
size and distribution of the polymer beads using two different polymers and
respective dyes that are embedded in a further (the second) polymer, typically PE
comprising a still other ("second”) dye. The resulting marble texture may thus
comprise three different colors, a first color resulting from the first dye in the first
phase, a second color resulting from the second dye in the second (PE) phase that

surrounds the beads comprising the first or third polymer, and a third color resulting
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from the third dye in the third phase 502. Thus, complex marbled color patterns can

be generated that faithfully reflect the appearance of natural grass.

As an alternative to this the polymer mixture could be made by adding the first
polymer the first dye, the second polymer and the second dye, the third polymer and
the one or more types of compatibilizer all together at the same time and then
mixing them more vigorously. The first, second and fourth dye in this case have to
be chosen such that they migrate to their respective phases after the mixture was
melted. For example, the first dye may be polar and migrate into the first phase
comprised mainly of a first, polar polymer. The second dye may be apolar and
migrate into the second phase comprised mainly of a second, apolar polymer. The

third dye could be covalently bound to the third polymer before the third polymer is
added 1o the mixiure.

Fig. 6 illustrates the extrusion of the polymer mixture into a monofilament. Shown is
an amount of polymer mixture 600. Within the poilymer mixture 600 there is a large
number of polymer beads 408. The polymer beads 408 may be made of one or
more polymers that is not miscible with the second polymer and is also separated
from the second polymer by a compatibilizer. A screw, piston or other device is used
to force the polymer mixture 600 through a hole 604 in a plate 602. This causes the
poiymer mixture 600 o be extruded into a monofilament 606. The monofilament 606
is shown as containing polymer beads 408 also. The second polymer in the second
phase 404 and the polymer beads 408 are extruded {ogether. In some examples the
second polymer will be less viscous than the polymer beads 408 comprising the first
polymer and the polymer beads 408 will tend to concentrate in the center of the
monofilament 606. This may lead to desirable properties for the final artificial turf
fiber as this may lead to a concentration of the thread-like regions in the core region
of the monofilament 606. However, the composition of the first and second phases
and in particular the first and second polymers are chosen such (e.g. in respect to
polymer chain length, number and type of side chains, etc.) that the first phase has
a higher viscosity than the second phase and that the beads and the thread-like
regions concentrate in the core region in the moncofilament, whereby there are still
sufficient amounts of the beads and the thread-like regions on the surface of the
monofilament to result in a marbled color texture on the surface of the

monofilament.
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Fig. 7 shows a cross-section of a small segment of the monofilament 606. The
monofilament is again shown as comprising the second polymer 404 with the
polymer beads 408 mixed in. The polymer beads 408 are separated from the
second polymer by compatibilizer which is not shown. To form the thread-like
structures a section of the monofilament 606 is heated and then stretched along the
length of the monofilament 606. This is illustrated by the arrows 700 which show the
direction of the stretching. The first and second polymers have different colors. In
case the surface of a monofilament is abraded, the marbled color pattern is still
visible as the two different dyes are not confined to the surface region.
Nevertheless, the fine-granular embedding of the first phase inio the second phase

prevents a delamination of the two different polymers or polymer phases.

Fig. 8 illustrates the effect of stretching the monofilament 606. In Fig. 8 an example
of a cross-section of a stretched monofilament 606 is shown. The polymer beads
408 In Fig. 7 have been stretched into thread-like structures 800. The amount of
deformation of the polymer beads 408 would be dependent upon how much the

monofilament 606" has been stretched.

Examples may relate o the production of attificial turf which is also referred to as
synthetic turf. In particular, the invention relates to the production of fibers that
imitate grass both in respect to mechanical properties (flexibility, surface friction) as
well as optical properties (color texture). The fibers are composed of first and
second phases that are not miscible and differ in material characteristics as e.g.
stiffness, density, polarity and in optical characteristics due to the two different dyes.
In some embodiments, a fiber may in addition comprise a compatibilizer and further

components.

In a first step, the polymer mixture comprising two or more different phases
respectively comprising a polymer and a dye and optionally some additional
substances is generated whereby the quantity of the second polymer is about 80-90
mass percent of the polymer mixture. The guantities of the first phase which may
mainly consist of the first polymer may be 5% to 10% by mass of the polymer
mixture and {the quantity of a third phase being largely or completely comprised of
the compatibilizers being 5% to 10% by mass of the polymer mixture. Using

extrusion technology results in a mixture of droplets or of beads of the first polymer
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surrounded by the compatibilizer that is dispersed in the polymer matirix of the

second polymer and that have a different color than the second phase.

The melt temperature used during extrusion is dependent upon the type of polymers
and compatibilizer that is used. However the melt temperature is typically between
230°C and 280°C.

A monofilament, which can also be referred to as a filament or fibrillated tape, is
produced by feeding the mixture into an fiber producing extrusion line. The melt
mixture is passing the extrusion tool, i.e., a spinneret plate or a wide slot nozzle,
forming the melt flow into a filament or tape form, is guenched or cooled in a water
spin bath, dried and stretched by passing rotating heated godets with different

rotational speed and/or a heating oven.

The monofilament or type Is then annealed online in a second step passing a further

heating oven and/or set of heated godets.

By this procedure the beads or droplets of the first phase (opticnally surrounded by
a compatibilizer phase) are stretched into longitudinal direction and form small fiber
like, linear structures. The majority of the linear structures is completely embedded

into the polymer matrix of the second polymer but a significant portion, e.g. 5 or

more % of the linear structures, are at the surface of the monofilament.

Fig. 9 shows a microscopic picture of a cross-section of a stretched monofilament
manufactured using an example of a method described above. The horizontal white
streaks within the stretched monofilament 606 are the thread-like structures 800.
Several of these thread-like structures are labeled 800. The thread-like structures
800 can be shown as forming small linear structures of the first polymer within the

second polymer.

The resultant fiber may have muitiple advantages, namely softness combined with
durability and long term elasticity. In case of different stiffness and bending
properties of the polymers the fiber can show a better resilience (this means that
once a fiber is stepped down it will spring back) In case of a stiff first polymer, the
small linear fiber structures built in the polymer matrix are providing a polymer

reinforcement of the fiber.
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Delimitation due to the composite formed by the first and second polymers is
prevented due to the fact that the short fibers of the second polymer are embedded

in the matrix given by the first polymer.

Fig. 10 shows an example of a cross-section of an example of artificial turf 1000.
The artificial turf 1000 comprises an artificial turf backing 1002. Artificial turf fiber
1004 has been tufted into the artificial turf backing 1002. On the bottom of the
artificial turf backing 1002 is shown a coating 1006. The coating may serve to bind
or secure the artificial turf fiber 1004 to the artificial turf backing 1002. The coating
1006 may be optional. For example the artificial turf fibers 1004 may be alternatively
waven into the artificial turf backing 1002. Various types of glues, coatings or
adhesives could be used for the coating 1006. The artificial turf fibers 1004 are
shown as extending a distance 1008 above the artificial turf backing 1002. The
distance 1008 is essentially the height of the pile of the artificial turf fibers 1004. The
length of the thread-like regions within the artificial turf fibers 1004 is half of the
distance 1008 or less.
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1. Amethod of manutacturing artificial turf (1000), the method comprising the
steps of:

5 - creating (100) a liquid polymer mixture (100, 400, 500), wherein the polymer
mixture is at least a two-phase system, a first one (402) of the phases
comprising a first polymer and a first dye, a second one (404) of the phases
of the polymer mixture comprising a second polymer and a second dye, the
second dye having a different color than the first dye, the second polymer

10 being of the same or of a different type as the first polymer, the first and the
second phase being immiscible, the first phase forming polymer beads
within the second phase;

- extruding (102) the polymer mixture into a monofilament (606) comprising a
marbled pattern of the first and second color;

15 - quenching (104) the monofilament;

- reheating (106) the monofilament;
- stretching (108) the reheated monofilament to deform the polymer beads
into threadlike regions (800) and to form the monofilament into an artificial
turf fiber (1004);
20 - Incorporating (110) the artificial turf fiber into an artificial turf backing (1002).

2. The method of claim 1, wherein one of the first and the second polymers is a
polar polymer and the other one is an apolar polymer and wherein the first and
second polymers are chosen such that the polarity difference of the polar and

25 the apolar polymer results in the phase separation of the first and second

phase.

3. The method of any one of the preceding claims, wherein the second polymer is
a non-polar polymer and/or wherein the first polymer is a polar polymer.
30

4. The method of any one of the preceding claims, wherein the liquid polymer
mixture is at least a three-phase system, the third one (406) of the phases

/R  wamn e e —— 1A-05-2018
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comprising a compatibilizer, wherein the first phase forms polymer beads (408)
surrounded by the third phase within the second phase.

5. The method of any one ot the previous claims, wherein the polymer bead
S comprises crystalline portions and amorphous portions, wherein stretching the
polymer beads into threadlike regions causes an increase in the size of the
crystalline portions relative to the amorphous portions.

6. The method of any one of the previous claims, wherein the creating of the
10 polymer mixture comprises the steps of:
- forming (200) a first mixture by mixing the first polymer with the
compatibilizer;
- heating (202) the first mixture;
- extruding (204) the first mixture;
15 - granuiating (206) the extruded first mixture;
- mixing (208) the granulated first mixture with the second polymer; and
- heating (210) the granulated first mixture with the second polymer to form
the polymer mixture.

20 7. The method of any one of the preceding claims, wherein the first polymer is
any one of the following: polyamide, polyethylene terephthalate (PET), and
polybutylene terephthalate (PBT).

8. The method of any one of the preceding claims, wherein the second polymer is
25 any one of the following: polyethylene, polypropylene, and a mixture thereof.

9. The method of any one of the claims 2-9, wherein the compatibilizer is any one
of the following: a grafted maleic acid anhydride (MAH); an ethylene ethyi
acrylate (EEA); a maleic acid grafted on polyethylene or polyamide; a maleic

30 anhydride grafted on free radical initiated graft copolymer of polyethylene,
SEBS, EVA, EPD, or polypropylene with an unsaturated acid or its anhydride
such as maleic acid, glycidyl methacrylate, ricinoloxazoline maleinate; a graft
copolymer of SEBS with glycidyl methacrylate, a graft copolymer of EVA with

bra e e e i 16-05-2018
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mercaptoacetic acid and maleic anhydride; a graft copolymer of EPDM with
maleic anhydride; a graft copolymer of polypropylene with maleic anhydride; a
polyolefin-graft-polyamidepolyethylene or polyamide; and a polyacrylic acid
type compatibilizer.

10. The method of any one of the previous claims, wherein the phase separation
of the first and the second phase is achieved by selecting the first and the
second polymer such that the difference in melt mass-flow rate of the first and
second polymer results in a phase separation of a molten mixture of the first

10 and second polymer.

11, The method of claim 10, the first polymer having a melt mass-flow rate that
differs by at least 3 g/10 min measured at 190°C/2.16 kg from the melt mass-
flow rate of the second polymer.

15
12. The method of any one of claims 1 or 10-11,
— the first polymer having a melt mass-flow rate — measured at 190°C/2.16 kg
- 0f 0.5- 5 ¢/10 min; and
— the second polymer having a melt mass-flow rate — measured at 190°C/2.16
20 kg - of 8- 100 g/10 min.

13. The method of any one of the previous claims, the extrusion being performed
at a pressure of 40-140 bars, more preferentially between 60-100 bars.

25 14. The method of any one of the previous claims, the creation of the liquid
polymer mixture comprising heating the polymer mixture to reach at the time of

extrusion a temperature of 190-260°C, more preferentially a temperaiure of
210-250°C.

30 15. The method of any one of the previous claims, the stretching comprising

stretching the reheated monofilament according to a stretch factor in the range
of 1.1-8, more preferentially in the range of 3-7.
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16. The method of any one of the previous ciaims, the quenching being performed
in a quenching solution having a temperature of 10-60°C, more preferentially
between 25°C-45°C.

5 17. The method of any one of the previous claims, wherein the polymer mixture
comprises 0.2 to 40 percent by weight the first polymer.

18. The method of any one of the previous claims, wherein the polymer mixture
comprises 1-15 percent by weight the first polymer, and preferentially
10 comprises 2 to 10 percent by weight the first polymer.

19. The method of any one of the preceding claims, wherein the polymer mixture
comprises more than 70 percent by weight the second polymer, and
preferentially comprises 70 to 90 percent by weight the second polymer.

15

20. The method of any one of the preceding claims, wherein in the marbie pattern
of the monofilament the occurrence of the two different colors changes every
50-1000um, more preferentially every 100-700um.

20 21. The method of any one of the preceding claims, wherein marble pattern of the
monofilament reproduces color patterns of natural grass.

22. The method of any one of the preceding claims, wherein the first dye is an
azo-nickel pigment complex in a concentration of 0.5-5, more preferentially of

25 1.5-2 percent by weight of the first phase and/or wherein the second dye is
phthalocyanin green in a concentration of 0,001 - 0,3 % by weight, preferably

0,05 - 0,2 % by weight of the second phase.

23. The method of any one of the preceding claims, wherein the artificial turf fiber
30 extends a predetermined length (1008) beyond the artificial turf backing, and

wherein threadlike regions have a length less than one half of the
predetermined length.
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24. The method of any one of the preceding claims, wherein the threadlike regions
have a length less than 2 mm.

5 25. The method of any one of the preceding claims, wherein creating the artificial
turf fiber comprises weaving, spinning, twisting, rewinding, and/or bundling the
stretched monofilament into the artificial turf fiber.

26. The method of any one of the preceding claims, wherein incorporating the
10 artificial turf fiber into the artificial turf backing comprises:

" tufting the artificial turf fiber into the artificial turf backing and binding the
artificial turf fibers to the artificial turf backing; or
= weaving the artificial turf fiber into the artificial turf backing
15

27. An artificial turf (1000) comprising an artificial turf textile backing (1002) and an
artificial turf fiber (1004) incorporated into the artificial turf backing, wherein the
artificial turf fiber comprises at least one monofilament comprising on its

20 surface a marbled pattern of a first and a second color, wherein the
monofilament is a monofilament created in an extrusion step from a liquid
polymer mixture,
wherein the polymer mixture is at least a two-phase system, a first one (402) of
the phases comprising the first polymer and the first dye, a second one (404)

25 of the phases of the polymer mixture comprising the second polymer and the
second dye, the second polymer being of the same or of a different type as
the first polymer, the first and the second phase being immiscible, the first
phase forming polymer beads within the second phase,
wherein the phase separation of the first and second phase is caused by:

30 a) one of the first and the second polymers is a polar polymer and the

other one is an apolar polymer and wherein the first and second
polymers are chosen such that the polarity difference of the polar and

/R 10.nE_9n4Q
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the apolar polymer results in the phase separation of the first and
second phase; or
b) the first and the second polymer are selected such that the
difference in melt mass-flow rate of the first and seconad polymer
5 results in a phase separation of a molten mixture of the first and

second polymer;

wherein each of the at least one monofilament comprises :

= afirst polymer in the form of threadlike regions (800), the first polymer

comprising a first dye having the first color;

10 = asecond polymer, the second polymer comprising a second dye having the
second color, the second dye having a different color than the tirst dye,
wherein the threadiike regions are embedded in the second polymer,
wherein the first polymer is immiscible in the second polymer.

15
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Creating a liquid polymer mixture, wherein the polymer mixture Is at least a two-
phase system, a first one of the phases comprising a first dye, a second one of the
phases of the polymer mixture comprising a second dye, the second dye having a

different color than the first dye

Extruding the polymer mixture into a monofilament

Quenching the monofilament

Reheating the monofilament

Stretching the reheated monofilament to deform the polymer beads into threadlike
regions and to form the monofilament into an artificial turf fiber

Incorporating the artificial turf fiber into an artificial turf backing

Fig. 1

Forming a first mixture by mixing the first polymer with the compatibilizer
Heating the first mixture
Extruding the first mixture
Granulating the extruded first mixture

Mixing the granulated first mixture with the second polymer

Heating the granulated first mixture with the second polymer to form the
polymer mixture

Fig. 2
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