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Polymer composition by continuous filler slurry extrusion

The present invention relates to a process for the continuous production of a polymer

composition and the use of said polymer composition.

Fillers and 1n particular mineral fillers are often used in the manufacture of polymer
products made from polymers, such as polyethylene (PE), polypropylene (PP),
polyurethane (PU), or polyvinylchloride (PVC) in order to, for example, lower the
consumption of more expensive materials, improve the properties of the materials, or

reduce thermal shrinkage.

Increasing costs for the production of polymer products lead to the development of
more economic methods for the provision of polymer compositions. For example, a
polymer composition with high filler content, 1.¢. a polymer masterbatch (sometimes
also referred to as a polymer concentrate), may be extruded together with another
polymer material in order to increase the filler content of the obtained polymer

product.

Fillers are frequently selected from natural or synthetic materials, such as calcium
carbonate containing minerals 1in general, chalk, limestone, marble, dolomite, barium

sulfate, talc, kaolin, clay, titan dioxide or mica.

In a conventional process for the production of a polymer composition, a polymer
material and a filler are usually mixed in a separate mixing step prior to

compounding of the resulting dry blend, for example, by use of an extruder.

In some cases, the filler may also be incorporated into the polymer matrix by use of a
side feeder of an extruder which allows for the incorporation of filler into a molten
polymer matrix. However, premixing 18 essential in many cases n order to provide a

homogeneous mixture of the resulting composition.

Several methods for the production of polymer compositions have been previously

described 1n the art.
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For example, CH 415 041 A discloses a process for the manufacture of pigmented
polycthylene or polypropylene comprising mixing the polyolefin with a liquid
pigment dispersion containing the pigment in finely dispersed form and then

removing the liquid by drying, so that the polyolefin 1s maintained 1in powder form.

US 6,239,196 B1 relates to a process for the preparation of a composition to be
extruded comprising a polymer and a filler of solid particles comprising a stage of
mixing the filler of solid particles with particles or granules of the polymer below the

melting point of said polymer.

However, the methods described in the prior art involve the addition of filler to a
polymer material at a temperature which 1s below the melting pomt of said polymer
material. Typically, such methods require drying of the resulting mixture prior to
feeding the corresponding dry mixture into the extruder. Furthermore, the prior art
methods often also require a separate and costly mixing step upstream from the
mixing device or extruder and may thus only be carried out 1n a discontinuous

manncr.

Thus, there 1s a need to provide a process which may reduce or avoid the foregoing
cconomic and technical drawbacks. Such process should, ¢.g., be a continuous

production process.

It 1s thus an object of the present invention to provide a more economic process for
the production of a polymer composition. Another object may be seen in the
provision of a proccss allowing for thc continuous production of a polymer

composition.



3

It is yet another object to provide a process for the production of a polymer composition

according to which costly drying and mixing procedures may be avoided.

One or more of the foregoing and other objects are solved by the subject-matter as

defined hereinafter.

According to one aspect of the present invention, a process for the continuous
production of a polymer composition is provided, the process comprising the steps of:

(a) providing a filler;
(b) providing a polymer material,

(C) forming a polymer composition comprising the filler of step (a) and the
polymer material of step (b) by use of an extruder;

characterized in that said process comprises the incorporation of said filler into said
polymer material, wherein said polymer material during incorporation of the filler is in at

least partially moiten state and wherein said filler is incorporated as a slurry.

Another aspect of the invention relates to a process for the continuous production of a

polymer composition, the process comprising the steps of:

(a) providing an uncoated calcium carbonate containing mineral filler having
a dsp in the range from 0.1 to 10 um determined by SediGraph™ 5100:;

(b) providing a polymer material comprising a thermoplastic polyolefin:

(C) forming a polymer composition comprising the filler of step (a) and the
polymer material of step (b) by use of an extruder;

characterized in that said process comprises an incorporation of said filler into said
polymer material, wherein said polymer material during the incorporation of the filler is
In at least partially molten state and wherein said filler is incorporated as a slurry having
a solids content in the range from 10 to 90 wt.-%, based on the total weight of said filler

slurry.

According to another aspect, the present invention relates to the provision of a polymer

composition obtained by the inventive process.

CA 2933072 2018-05-07
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According to another aspect, the present invention relates to a polymer compaosition
obtained by the process defined hereinabove, wherein said polymer composition
comprises an uncoated calcium carbonate containing mineral filler having a dsp in the
range from 0.1 to10 um.

According to yet another aspect, the present invention relates to a polymer product

comprising said polymer composition.

According to yet another aspect, the present invention relates to the use of said polymer

composition defined hereinabove in the manufacture of polymer products.

According to yet another aspect, said polymer products preferably may be selected
from one or more of flexible packaging for industrial and consumer applications,
including roll stocks, bags, pouches, labels, wraps, liddings, shrink sleeves and stretch
films; rigid packaging for industrial and consumer applications including plastic bottles,
cups and containers; building and construction materials, including pipes and conduits,
cladding and profiles, insulations, seals and gaskets, geotextiles; agriculture and
horticulture materials including greenhouse materials, mulch films, tunnels, silages, bale
wraps, boxes and crates; transportation and automotive applications including interior
parts, such as instrument and door panels, consoles, pillars and seating; exterior parts,
such as bumper fascia, fenders, tailgates as well as under the hood applications
including air ducts, air intake manifolds, radiators and cooling hoses; electrical and
electronic applications including CD players, DVD systems, personal computers and TV
sets, notebooks, tablets, smartphones, cookers, refrigerators and freezers, washing
machines, dishwashers, tools and office equipment; medical and health applications
iIncluding disposable caps, gowns, masks, scrub suits and shoe covers, drapes, wraps
and packs, sponges, dressings and wipes, bed linen, contamination control gowns,
examination gowns, lab coats, isolation gowns, diagnostic medical machinery and
medical devices; personal care products including absorbent hygiene products (AHP),
baby diapers, feminine hygiene products and adult incontinence products, wipes, skin
care products, depilatory strips; household and furniture products, including wood
composites, decorative foils, floor coverings, flooring, kitchen ware, cleaners, pet care,

lawn and garden articles; toys, sports and leisure

CA 2933072 2018-05-07
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articles including playhouses, building kits, play vehicles, sports and fithess devices,
shoes, clothing and sportswear, safety equipment (helmets, kneepads), sports

equipment, and suit cases.

Still another aspect of the present invention relates to the use of a filler in form of a
slurry for the production of a polymer composition by incorporating, within an extruder,

said slurry into a polymer material being in at least partially molten state.

CA 2933072 2018-05-07
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According to on¢ embodiment of the inventive process, the filler slurry has a solids
content 1n the range from 10 to 90 wt.-%, preferably from 15 to 88.5 wt.-% and more
preferably from 20 to 78 wt.-%, based on the total weight of said filler slurry.

5 According to another embodiment of the inventive process, the filler content of the
polymer composition 1s 1n the range from 0.5 to 90 wt.-%, preferably from 5 to

85 wt.-%, more preterably from 10 to 80 wt.-% and most preferably from 20 to

75 wt.-%, based on the total weight of said polymer composition.

10 According to yet another embodiment of the inventive process, the filler provided in
step (a) 1s selected from the group consisting of a calcium carbonate containing
mineral, chalk, limestone, marble, dolomite, barium sulfate, talc, kaolin, clay, mica,
titan dioxide or mixtures thereof, wherein the filler preferably 1s a calcium carbonate
containing mineral.

15

According to a preferred embodiment of the inventive process, the filler provided in
step (a) 18 a ground calcium carbonate (GCC), a precipitated calcium carbonate

(PCC), a modified calcium carbonate (MCC), or a mixture thercof.

20  According to another preferred embodiment of the inventive process, the precipitated

calcium carbonate (PCC) 18 ground prior to incorporation into the polymer material.

According to yet another preferred embodiment of the inventive process, the filler
provided 1n step (a) comprises a coated filler, an uncoated filler, or a mixture of both,
25  wherein the filler preferably comprises an uncoated filler and more preferably

compriscs an uncoatcd calcium carbonatc containing mincral filler.

According to one embodiment of the inventive process, the filler provided 1n step (a)

has a weight median particle size dso 1n the range from 0.001 to 50 um, preferably
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from 0.05 to 10 um, more preferably from 0.07 to 5 um and most preferably from
0.1to0 2.5 um.

According to another embodiment of the inventive process, the filler provided
step (a) has a particle top cut dog 1n the range from 0.25 to 50 um, preferably from
0.35 to 30 um and more preferably from 0.4 to 15 um.

According to yet another embodiment of the inventive process, the polymer material
provided in step (b) comprises a thermoplastic resin, wherein the thermoplastic resin

preterably comprises a polyoletfin.

According to a preferred embodiment of the inventive process, the polyolefin 1s
selected from the group of homo- and/or copolymers of polyethylene, homo- and/ or
copolymers of polypropylene, homo- and/or copolymers of polybutylene, or mixtures

thereof.

According to another preferred embodiment of the mnventive process, the extruder 18
a twin-screw extruder, wherein the screws preferably are co-rotating or counter-

rotating screws and more preferably are co-rotating screws.

According to on¢ embodiment of the present invention, the polymer composition
obtainable by the mnventive process has a water content which 1s equal to or less than
2 wt.-%, preferably equal to or less than 1 wt.-% and more preferably equal to or less

than 0.5 wt.-%, based on the total weight of said polymer composition.

According to onc cmbodiment of the present invention, the polymer composition
obtainablc by thc mventive proccess 1s uscd 1 the manufacturc of polymer products,
wherein said polymer products preferably comprise polyolefin articles, such as

woven fibers, non-woven fibers, profiles, cables, films, or molded products.
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According to one embodiment of the use of a filler in form of a slurry, the slurry has
a solids content 1n the range from 10 to 90 wt.-%, preferably from 15 to 8.5 wt.-%
and more preferably from 20 to 78 wt.-%, based on the total weight of said slurry.

According to another embodiment of said use, the filler content of the polymer
composition 18 1n the range from 0.5 to 90 wt.-%, preferably from 5 to 85 wt.-%,
more preferably from 10 to 80 wt.-% and most preferably from 20 to 75 wt.-%, based

on the total weight of said polymer composition.

According to yet another embodiment of said use, the filler 1s selected from the
oroup consisting of a calctum carbonate containing mineral, chalk, limestone,
marble, dolomite, barium sulfate, talc, kaohn, clay, mica, titan dioxide or mixtures

thereof, wherein the filler preferably 1s a calcium carbonate containing mineral.

According to yet another embodiment of said use, the filler 1s a ground calcium
carbonate (GCC), a precipitated calcium carbonate (PCC), a modified calcium

carbonate (MCC), or a mixture thercof.

According to one embodiment of said use, the precipitated calcium carbonate (PCC)

1s ground prior to incorporation into the polymer material.

According to another embodiment of said use, the filler comprises a coated filler, an
uncoated filler, or a mixture of both, wherein the filler preferably comprises an
uncoated filler and more preferably comprises an uncoated calcium carbonate

containing mineral filler.

According to anothcr cmbodiment of said usc, the filler has a wcight median particle
s1z¢ dso 1n the range from 0.001 to 50 um, preferably from 0.05 to 10 um, more
preferably from 0.07 to 5 um and most preterably from 0.1 to 2.5 um.
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According to yet another embodiment of said use, the filler has a particle top cut dos
in the range from 0.25 to 50 um, preferably from 0.35 to 30 um and more preferably
from 0.4 to 15 um.

According to another embodiment of said use, the polymer material comprises a
thermoplastic resin, wherein the thermoplastic resin preterably comprises a

polyolefin.

In some embodiments of said use, the polyolefin 1s selected from the group of homo-
and/or copolymers of polyethylene, homo- and/ or copolymers of polypropylene,

homo- and/or copolymers of polybutylene, or mixtures thereof.

According to another embodiment of said use, the extruder 1s a twin-screw extruder,
wherein the screws preferably are co-rotating or counter-rotating screws and more

preferably are co-rotating screws.

It should be understood that for the purposes of the present invention, the following

terms have the following meanings:

The term “polymer composition” refers to a composite material comprising at least
on¢ additive (e.g., at least one filler) and at least one polymer material which may be
used in the production of a polymer product. A polymer composition having a
relatively high filler content (¢.g., 35 to 90 wt.-% based on the total weight of the
polymer composition), also referred to as a “polymer masterbatch™, may be added to
a unfilled or lowly filled polymer during processing in order to achieve higher filler
contcnts . Nevertheless, a polymer composition having a relatively low filler content
(c.g., 0.5 to 45 wt.-% bascd on the total wcight of the polymcer composition), also
referred to as a “polymer compound”, may also be used directly 1in the production of
a polymer product. Accordingly, the term “polymer composition™ as used herein

comprises both, polymer masterbatches and polymer compounds.
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The term "filler” in the meaning of the present invention refers to substances which
may be added to materials, such as, polymers, elastomers, paints, or adhesives, ¢.g. to
lower the consumption of more expensive materials or to improve material or
mechanical properties of the resulting products. The person skilled in the art very

well knows the typical mineral fillers used 1n the respective field.

The term “mineral” as used herein encompasses abiogenic and solid material with an

ordered atomic structure.

The term “slurry” in the meaning of the present invention refers to a suspension
comprising at least one msoluble solid and at least one liquid, e.g. water. Said
suspension may optionally comprise further additives. Slurries usually contain large
amounts of solid and are more viscous and generally of higher density than the hiquid
from which they are formed. It 18 accepted 1n the art that the general term

“dispersion’ inter alia covers “suspensions’ as a specific type of dispersion.

A “polymer material” as used 1n this application comprises homopolymers,
copolymers, such as, for example, block, graft, random and alternating copolymers,
heterophasic copolymers and random heterophasic copolymers as well as polymer
blends, modifications, or mixtures thercof. The term polymer material as used herein
may likewise comprise recycled polymer materials. The content of recycled

polymers 1n the polymer material may be 1n the range from 0.01 to 100 wt.-%.

The “extruder” according to the present application may be any device which 1s
suitablc for compounding onc or morc polymcr with onc or morc additive, ¢.g. with a

mincral fillcr.

“Ground calcium carbonate” (GCC) 1n the meaning of the present invention 18 a

calctum carbonate obtained from natural sources, such as limestone, marble, calcite,
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or chalk, and processed through a wet and/or dry treatment, such as grinding,

screening and/or fractionation, for example, by a cyclone or classifier.

“Precipitated calcium carbonate” (PCC) 1in the meaning of the present invention 1s a
synthesized material, generally obtained by precipitation following a reaction of
carbon dioxide and calcium hydroxide (hydrated lime) 1n an aqueous environment or
by precipitation of a calcium- and a carbonate source 1n water. Additionally,
precipitated calcium carbonate can also be the product of introducing calcium and
carbonate salts, calcium chloride and sodium carbonate, for example, mn an aqueous
environment. PCC may be vaterite, calcite or aragonite. PCCs are described, for

example, in EP 2 447 213 A1, EP 2 524 898 A1, EP 2 371 766 A1, or unpublished
European patent application No. 12 164 041.1.

“Modified calcium carbonate” (MCC) in the meaning of the present invention may
feature a natural ground or precipitated calcium carbonate with an internal structure

modification or a surface-reaction product thereof, ¢.g. a surface-reacted calcium

carbonate as described in US 6,666,953, EP 2 264 109 A1 and EP 2 264 108 Al.

The term ““coated”™ 1in the meaning of the present invention refers to any coating of a
mineral filler, for example, with fatty acids, surfactants, siloxanes, polymers, or
mixtures thercof, preferably 1n order to hydrophobize the surface of said mineral
filler. Consequently, the term “uncoated” refers to the absence of such hydrophobic

surface layers.

Throughout the present document, the “particle size” of the filler material 1s
dcscribed by 1ts distribution of particle sizcs. The valuc dy represents the diamcter
rclative to which x % by wcight of the particles have diamcters Icss than dx. This
means that the do value 1s the particle size at which 20 wt.-% of all particles are
smaller, and the dog value 1s the particle size at which 98 wt.-% of all particles are

smaller. The dyg value 1s also designated as “top cut”. The dso value 1s thus the
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weight median particle size, 1.e. 50 wt.-% of all particles are bigger or smaller than
this particle size. For the purpose of the present invention, the particle size 18
specified as weight median particle size dso unless indicated otherwise. For
determining the weight median particle size dso value or the top cut particle size dog
value a Sedigraph 5100 or 5120 device from the company Micromeritics, USA, can

be used.

Where an indefinite or defmite article 1s used when referring to a singular noun, e.g.
X P I

a”’, “an’ or “the”, this includes a plural of that noun unless anything else 1s

specifically stated.

Where the term “comprising” 1s used m the present description and claims, it does
not exclude other elements. For the purposes of the present invention, the term
“consisting of”" 1s considered to be a preferred embodiment of the term “comprising
of”’. If hereinafter a group 1s defined to comprise at least a certain number of
embodiments, this 1s also to be understood to disclose a group, which preferably

consists only of these embodiments.

Terms like “obtainable” or “definable” and “obtained™ or “defined™ are used
interchangeably. This ¢.g. means that, unless the context clearly dictates otherwise,
the term “obtained” does not mean to indicate that €.g. an embodiment must be
obtained by ¢.g. the sequence of steps following the term “obtained” though such a
[imited understanding 1s always included by the terms “obtained” or “defined” as a

preferred embodiment.

According to the present invention the process for the continuous production of a
polymcr composition compriscs the steps of:
(a) providing a filler;

(b) providing a polymer material;
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(C) forming a polymer composition comprising the filler of step (a) and
the polymer material of step (b) by use of an extruder;
characterized 1n that said process comprises the incorporation of said filler into said
polymer material, wherein said polymer material during incorporation of the filler 1s

1n at least partially molten state and wherein said filler 1s incorporated as a slurry.

The inventors surprisingly found that the filler provided in step (a) of the inventive
process may be incorporated as a slurry, 1.e. as a mixture of solid filler and a liquid,
usually water. For this purpose, the filler slurry 1s suitably injected directly into the
injection zone of an extruder. In the mjection zone of the extruder, the polymer
provided in step (b) 1s 1n an at least partially molten state allowing for a sufficient
mixing of the injected filler slurry with the polymer melt. After mixing, any liquid
(e.g., water) 1s allowed to vaporize through one or more atmospheric or vacuum
vents according to the inventive process. The polymer composition obtainable by the
iventive process has excellent material properties, such as a very good dispersion of

the filler in the polymer matrix, and may be free or essentially free of water.

In the following, preferred embodiments of the mnventive process for the continuous

production of a polymer composition will be set out in more detail.

It 18 to be understood that these technical details and embodiments also apply to the
polymer composition, to polymer products comprising the polymer composition, to
the use of said polymer composition and to the use of a filler in form of a slurry in a

process for the production of such polymer compositions.

Charactcrization of stcp (a):

According to step (a) of the inventive process for the continuous production of a

polymer composition, a filler 1s provided.
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A filler in the meaning of the present invention may be added to materials, such as

paper, polymers, rubber, paints or adhesives, ¢.g. to lower the consumption of more
expensive materials or to improve material or mechanical properties of the resulting
products. The person skilled 1n the art very well knows the typical fillers used in the

respective field.

The filler provided 1n step (a) may be any material which 1s known 1n the art and

which 1s suitable to be used as a filler 1n the present invention.

According to one embodiment of the inventive process, the filler provided 1n step (a)
1s selected from the group consisting of a calcium carbonate containing mineral,
chalk, limestone, marble, dolomite, barium sulfate, talc, kaolin, clay, mica, titan
dioxide, hydrotalcite, montmorillonite, bentonite, beidelite, glimmer, hectorite,
saponite, nontronite, sauconite, vermiculite, ledikite, megadite, kenyaite, stevensite,

volkonskoite, feldspar kaolinite, magnesite, muscovite, huntit, or mixtures thereof.

According to a preferred embodiment of the inventive process, the filler provided in
step (a) 18 selected from the group consisting of a calcium carbonate containing
mineral, chalk, [imestone, marble, dolomite, bartum sulfate, talc, kaolin, clay, mica,

titan dioxide or mixtures thereof.

According to another embodiment of the inventive process, the filler provided in
step (a) may be a mineral filler, ¢.g. a solid material of abiogenic origin with an

ordered atomic structure.

According to a prcferred cmbodiment of the present invention the filler provided 1n

step (a) 1s a calcium carbonate containing mineral filler.
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According to a particularly preferred embodiment of the inventive process, the filler
provided 1n step (a) 1s a ground calcium carbonate (GCC), a precipitated calcium

carbonate (PCC), a modified calcium carbonate (MCC), or a mixture thereof.

Ground calcium carbonate (GCC) 1n the meaning of the present invention 1s a
calcium carbonate obtained from natural sources which may be processed by, for
example, grinding, screening and/or fractionizing by wet and/or dry, for example by
a cyclone or classifier. Preferably, the natural calctum carbonate source 1s selected

from the group consisting of chalk, limestone, marble, dolomite, or mixtures thereof.

Natural or ground calcium carbonate 1s known to exist as three types of crystal
polymorphs: calcite, aragonite and vaterite. Calcite, the most common crystal
polymorph, 1s considered to be the most stable crystal form of calcium carbonate.
Less common 1s aragonite, which has a discrete or clustered needle orthorhombic
crystal structure. Vaterite 1s the rarest calcium carbonate polymorph and 1s generally

unstable.

The term GCC likewise comprises GCC having a particle size in the nanometer

range which 1s also referred to as ultratine GCC or nano-GCC.

Precipitated calcium carbonate (PCC) 1in the meaning of the present invention 1s a
synthesized material, generally obtained by precipitation following a reaction of
carbon dioxide and calcium hydroxide (hydrated lime) in an aqueous environment or
by precipitation of a calcium- and a carbonate source in water. Additionally,
precipitated calcium carbonate can also be the product of introducing calcium and
carbonatc salts, calcium chloridc and sodium carbonatc for cxamplc, in an aqucous

cnvironment.

Precipitated calcium carbonate (PCC) synthesis most commonly occurs by a

synthetic precipitation reaction that includes a step of contacting carbon dioxide with
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a solution of calcium hydroxide, the latter being most often provided in form of an
aqueous suspension of calcium oxide, also known as burnt lime, and the suspension
of which 1s commonly known as milk of lime. Depending on the reaction conditions,
this PCC can appear 1 various forms, including both stable and unstable

5  polymorphs. Indeed, PCC often represents a thermodynamically unstable calcium
carbonate material. When referred to i the context of the present invention, PCC
shall be understood to mean synthetic calcium carbonate products preterably
obtained by carbonation of a slurry of calcium hydroxide, commonly referred to 1n
the art as a slurry of lime or milk of lime when derived from finely divided calcium

10 oxide particles in water. Preferred synthetic calcium carbonate 1s precipitated

calcium carbonate comprising aragonitic, vateritic or calcitic mineralogical crystal

forms or mixtures thereof.

The term PCC likewise comprises PCC having a particle size in the nanometer range

15  which 1s also referred to as ultrafine PCC or nano-PCC.

The precipitated calcium carbonate (PCC) may be comminuted prior to incorporation
into the polymer material by any method known in the art. Preferably, the
precipitated calcium carbonate (PCC) may be ground prior to incorporation into the
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